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Foreword

Form Follows Function

Congratulations to the editors and authors on a truly outstanding book. Most
books recapitulate what many already know, and leave one seeking more. This
book is unique in its content and format. “Form follows function”, popularized
by the great American architect Frank Lloyd Wright, is a principle associated
with modern architecture and industrial design in the 20th century. Simply
stated, the shape of a building or object should be predicated by or based upon its
intended function or purpose. Like this phrase there is often a history that is
important to recognize and understand if we are to truly understand its meaning.

The origin of the phrase “Form follows function” can be traced back to the
American sculptor Horatio Greenough, but it was American architectural giant
Louis Sullivan who adopted it and made it famous. Sullivan actually said, “form
ever follows function”, but the simpler (and less emphatic) phrase is the one usu-
ally remembered. Sullivan’s student and assistant Frank Lloyd Wright adopted
this principle in slightly different form – perhaps because shaking off the old
styles gave them more freedom and latitude.

Drs. Boos and Aebi have adopted a particular form, in this book, in order to
give the reader a thorough grounding in the basic knowledge and general princi-
ples of spinal disorders. The didactic concept (form) of all the chapters is based
on a consistent style and layout, and follows three basic principles of sustainable
learning (functions), i.e.: (1) less is more, (2) repetition enhances sustained
learning, and (3) case studies are an efficient and complementary means of learn-
ing.

The book utilizes learning aids to highlight and repeat core messages through-
out all chapters, and visual aids facilitate a repetition-based learning approach,
starting with the core messages, leading to an in-depth reading of each chapter.
Marginal notes allow for effective repetition of material to facilitate the learning
process, and outstanding graphics with pictorial and anecdotal learning meth-
ods are used to complement the many detailed case studies to exemplify the core
messages. Finally, the use of important references and landmark articles makes
this a prized book for everyone’s shelf.

Congratulations to Norbert and Max on a fantastic contribution. This book
will help those most in need, our patients. “Form and function” are the most
important outcomes of this work, especially for those of us who work everyday to
care for people with these various spinal disorders. Thank you.

James N. Weinstein
Director, The Dartmouth Institute for Health Policy and Clinical Practice
Professor & Chairman, The Department of Orthopaedics
Editor-in-Chief – Spine
Dartmouth College and Medical School
Dartmouth Hitchcock Medical Center
Lebanon, New Hampshire, USA
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Foreword

Dinosaur or State of the Art?

Long ago, medical observations, advances, innovations and reviews were first
presented at meetings and published in books. With the introduction of scientific
medical journals, two things happened. First publication time was cut down dra-
matically compared to books and dissemination of knowledge became faster.
Secondly a new approach to scientific publication was introduced in the form of
peer review. This again lengthened publication time, yet benefited quality. Some
argued that scientific journals would herald the slow death of books. History
proved them wrong.

The advent of the internet again mixed up all the cards. Would scientific jour-
nals survive the internet? Initially the peer review aspect was lost and the quality
of available knowledge suffered. Yet, sites like Wikipedia introduced the very
concept of peer review online. So, would the internet kill peer review journals let
alone books? Well, here again history demonstrates that both journals and books
remain alive and well.

This book on spinal disorders edited by Norbert Boos and Max Aebi is a typi-
cal example of the kind of textbook anybody involved with matters regarding the
spine wants on her or his desk. Moreover, this work is unique because it is not a
classic multi-author textbook. The editors have approached chapter authors with
whom they personally collaborated and share a common philosophy on the diag-
nosis and treatment approach to spinal disorders. By an intensive editing pro-
cess, the different chapters have been woven into a homogeneous book combin-
ing personal experience with evidence based knowledge.

Editors of scientific journals know that so-called “review articles” are very
popular, more referenced than other articles and thus excellent for boosting a
journal’s Impact Factor. Well, this book consists of a succession of reviews bring-
ing us a real “state of the art” regarding the spine but put into perspective through
personal experience. This work is truly pluri-disciplinary and reflects the com-
plex and difficult nature of the human spine. Among the authors we find clini-
cians as well as scientists.

The editors tackle every aspect of the spine in a well balanced way. No topic is
superfluous or perceived as more important than another and the book reads as
one continuous flow, one topic logically leading to the next. This book can be rec-
ommended to anyone involved in clinical or research aspects of the spine. It sim-
ply has to lie on the desk of doctors, scientists, physiotherapists and chiroprac-
tors, psychologists and health-care specialists interested in the spine.

Robert Gunzburg
President 2007–2008
EuroSpine, the Spine Society of Europe
Cavell Spine Center
Brussels, Belgium
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Preface

Spinal disorders are among the most common medical conditions, having a sig-
nificant impact on health-related quality of life, use of health care resources and
socioeconomic costs. As a therapeutic measure, spinal surgery is still one of the
most rapidly growing areas in clinical medicine, and is a major contributor to the
continuously increasing costs of modern-day medicine. Similarly, the increas-
ingly aging population will have a greater need for the treatment of degenerative
spinal disorders, particularly secondary spinal deformities and stenosis. How-
ever, at the same time limited health care resources will mean difficult choices in
the allocation of treatment modalities. Therefore, a basic knowledge of the state
of the art of the diagnosis and treatment of spinal disorders is required, not only
for spine specialists but also for general orthopedic surgeons, rheumatologists,
neurologists, rehabilitation doctors, psychiatrists, chiropractors, physiothera-
pists, basic scientists and health care executives, to enable them to choose and/or
evaluate appropriate diagnostic and therapeutic approaches.

Owing to the rapid development of knowledge of spinal disorders over the
past 20 years, a comprehensive new textbook which incorporates all the latest
knowledge has become necessary, and we have become aware again and again of
innumerable residents, fellows and colleagues searching for a comprehensive
introductory learning tool for the study of spinal disorders. Although excellent
textbooks on specific issues of the spine and specifically spinal surgery are
already available, none fulfills the criterion of being an easily readable teaching
tool that focuses systematically on the fundamentals and basic principles in a
standardized manner. Strongly encouraged by our residents and fellows, we have
designed a textbook on spinal disorders which is an integration of the evidence-
based knowledge in the up-to-date literature and our decade-long personal expe-
rience at the source of research and treatment of spinal disorders.

With Springer, we found a dedicated publisher willing to give our book project
strong support, and with carefully selected chapter authors we have hopefully
succeeded in creating a consistent message throughout the book. Unlike many
other spinal textbooks, the editors did not want simply to collect and edit chap-
ters from many different authors, which often leads to an inhomogeneous book
with overlapping, redundant and incoherent chapters. We rather aimed to pro-
vide a homogeneous syllabus with a consistent didactic strategy to teach the fun-
damentals and general principles.

Although we have based the information in this book on an extensive survey
of the peer-reviewed literature, we have moderated this information in a synthe-
sis with research and clinical experience. We have, however, refrained specifically
from an in-depth description of sophisticated surgical procedures. For this field
of expertise, there are already a number of excellent manuals and textbooks
available.

Although we recognize the difficulty and challenge of our task, we feel that we
have fulfilled our goal by choosing authors with whom we have collaborated for
a long time and who concur with our own philosophy. The didactic concept is
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presented in every single chapter in a consistent manner and is based on three
principles:

1. Less is more when concisely written
2. Repetition enhances sustained learning
3. Case studies are an invaluable means of exemplifying important principles

We hope that we have met our objective in providing a modern, up-to-date and
easy to read textbook on spinal disorders with an appealing layout, and that the
book will inspire and stimulate the reader in the study of spinal disorders. It is
our hope that this book may become the standard basic textbook for spinal disor-
ders if you, the reader, decides to make this happen.

We would like to thank all the contributing authors for their major commit-
ment and hard work. We would also like to thank our students, fellows and col-
leagues for critically proof-reading the chapters and their constructive and
encouraging feedback. We owe many thanks to Doris Stettler and Grit Gagel-
mann for their support and help with the editing process. We further thank Wil-
liam Shufflebotham in the UK for copy-editing the book. We also want to
acknowledge the Medical Pictorial Documentation team of the University Hospi-
tal Balgrist (Heidi Wylenmann, Helene Uhlmann and Christian Streng) for their
invaluable help with the editorial preparation of the medical images and figures.

We are particularly indebted to Alain Blank, who created the unique illustra-
tions with his meticulous and careful attention to the anatomical and surgical
details. The major book sections are separated by the paintings of Arnaldo Ricci-
ardi, who perfectly understood how to transform his inspirations of spinal disor-
ders into works of art. We also thank Springer, the publisher, and specifically
Gabriele Schröder for making this book happen.

Zürich and Bern, March 2008

Norbert Boos Max Aebi
Centre for Spinal Surgery MEM Research Centre for
University Hospital Balgrist Orthopaedic Surgery
University of Zürich University of Bern

XII Preface



Contents

1 History of Spinal Disorders
Philipp Gruber, Thomas Boeni

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1
A Brief Etymology . . . . . . . . . . . . . . . . . . . . . . . . . 1
Historical Case Introduction . . . . . . . . . . . . . . . . . 2
Spinal Anatomy and Physiology . . . . . . . . . . . . . . 4
Anesthesia and Supportive Techniques . . . . . . . . 6

Laughing Gas, Chloroform and Cocaine . . . . . 6
Antisepsis and Antibiotics . . . . . . . . . . . . . . . . . 6
Diagnostic Imaging . . . . . . . . . . . . . . . . . . . . . . 8

Scoliosis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 8
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Assessment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 9
Non-operative Treatment . . . . . . . . . . . . . . . . . . 11
Scoliosis Surgery . . . . . . . . . . . . . . . . . . . . . . . . . 13

Juvenile Kyphosis . . . . . . . . . . . . . . . . . . . . . . . . . . 13
Spondylolisthesis . . . . . . . . . . . . . . . . . . . . . . . . . . 14

An Obstetrical Problem . . . . . . . . . . . . . . . . . . . 14
Surgery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 14

Back Pain and Sciatica . . . . . . . . . . . . . . . . . . . . . . 15
A Wrong Mixture of Fluids . . . . . . . . . . . . . . . . 15
Disc Herniation . . . . . . . . . . . . . . . . . . . . . . . . . . 17
Historical Case Study . . . . . . . . . . . . . . . . . . . . . 19
The Facet Syndrome . . . . . . . . . . . . . . . . . . . . . . 21
Spinal Stenosis . . . . . . . . . . . . . . . . . . . . . . . . . . 21

Spinal Infections . . . . . . . . . . . . . . . . . . . . . . . . . . . 22
Egyptian Mummies and Sir Percival Pott . . . . 22
Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 24

Ankylosing Spondylitis . . . . . . . . . . . . . . . . . . . . . 24
Discovery of a New Disease . . . . . . . . . . . . . . . . 25

Spinal Injuries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
First Reports . . . . . . . . . . . . . . . . . . . . . . . . . . . . 27
Spinal Injuries as a Socioeconomic Problem . . 28
Traction Table and Laminectomy . . . . . . . . . . . 29
The Advent of Internal Spinal Fixation . . . . . . 29

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 30
Appendix: History of spinal disorders . . . . . . . . . 31
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 33
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 34

Basic Science

2 Biomechanics of the Spine

Stephen Ferguson

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 41
The Human Spine . . . . . . . . . . . . . . . . . . . . . . . . . . 41
The Motion Segment . . . . . . . . . . . . . . . . . . . . . . . 42

Anterior Structures . . . . . . . . . . . . . . . . . . . . . . . 42
Posterior Elements . . . . . . . . . . . . . . . . . . . . . . . 46
Ligaments of the Spine . . . . . . . . . . . . . . . . . . . . 47
Motion Segment Stiffness . . . . . . . . . . . . . . . . . 48

Muscles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 48
Spinal Stability Through Muscular Activity . . 52
Muscle Activity During Flexion and Extension 54
Muscle Activity During Lateral Flexion and
Rotation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 54

Spine Kinematics . . . . . . . . . . . . . . . . . . . . . . . . . . . 54
Range of Motion . . . . . . . . . . . . . . . . . . . . . . . . . 55
Mechanical Response of the Spinal Motion
Segment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 55
Clinical Instability . . . . . . . . . . . . . . . . . . . . . . . 57

Kinetics (Spinal Loading) . . . . . . . . . . . . . . . . . . . 58
Static Loading . . . . . . . . . . . . . . . . . . . . . . . . . . . 58
Loads During Lifting . . . . . . . . . . . . . . . . . . . . . 59
Dynamic Loading . . . . . . . . . . . . . . . . . . . . . . . . 60

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 61
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 62
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 63

3 Spinal Instrumentation

Daniel Haschtmann, Stephen J. Ferguson

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 67
Goals of Spinal Instrumentation . . . . . . . . . . . . . . 67
Basic Biomechanics of Spinal Instrumentation . . 69

Loading and Load Sharing Characteristics . . . 69
Posterior Stabilization Principles . . . . . . . . . . . 71
Anterior Stabilization Principles . . . . . . . . . . . . 74
Anterior Tension Band Technique . . . . . . . . . . 78

Biomechanics of the “Adjacent Segment” . . . . . . 79
Non-Fusion Principles . . . . . . . . . . . . . . . . . . . . . . 80

Disc Arthroplasty . . . . . . . . . . . . . . . . . . . . . . . . 80
Nucleoplasty . . . . . . . . . . . . . . . . . . . . . . . . . . . . 82
Posterior Dynamic Stabilization Technique . . 82

XIII



Interspinous Process Distraction Technique 83
Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 84
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 85
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 86

4 Age-Related Changes of the Spine

Atul Sukthankar, Andreas G. Nerlich,

Günther Paesold

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 91
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 92
General Age-Related Changes . . . . . . . . . . . . . . . 92
Functional Spine Unit . . . . . . . . . . . . . . . . . . . . . . 93
The Intervertebral Disc and Cartilage Endplate 95

Intervertebral Disc . . . . . . . . . . . . . . . . . . . . . . 95
The Cartilage Endplate . . . . . . . . . . . . . . . . . . . 107

The Facet Joints . . . . . . . . . . . . . . . . . . . . . . . . . . . 109
Normal Anatomy . . . . . . . . . . . . . . . . . . . . . . . 109
Age-Related Changes . . . . . . . . . . . . . . . . . . . . 109

Vertebral Bodies . . . . . . . . . . . . . . . . . . . . . . . . . . 110
Normal Anatomy and Composition . . . . . . . . 110
Age-Related Changes . . . . . . . . . . . . . . . . . . . . 110

Spinal Ligaments . . . . . . . . . . . . . . . . . . . . . . . . . . 111
Normal Anatomy and Composition . . . . . . . . 111
Age-Related Changes . . . . . . . . . . . . . . . . . . . . 111

Spinal Muscles . . . . . . . . . . . . . . . . . . . . . . . . . . . . 112
Normal Anatomy and Structure . . . . . . . . . . . 112
Age-Related Changes . . . . . . . . . . . . . . . . . . . . 112

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 114
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 115
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 116

5 Pathways of Spinal Pain

Heike E. Künzel, Norbert Boos

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 123
Historical Background . . . . . . . . . . . . . . . . . . . . . 123

Precartesian Theories . . . . . . . . . . . . . . . . . . . . 123
Cartesian Theory . . . . . . . . . . . . . . . . . . . . . . . 124
Gate Control Theory . . . . . . . . . . . . . . . . . . . . . 124
Modern Pain Theories . . . . . . . . . . . . . . . . . . . 124

Epidemiology of Chronic Pain . . . . . . . . . . . . . . 125
Definition and Classification . . . . . . . . . . . . . . . . 125

Temporal Course . . . . . . . . . . . . . . . . . . . . . . . . 126
Contemporary Pain Classification . . . . . . . . . 126

Pathways of Pain . . . . . . . . . . . . . . . . . . . . . . . . . . 128
Transduction . . . . . . . . . . . . . . . . . . . . . . . . . . . 129
Conduction . . . . . . . . . . . . . . . . . . . . . . . . . . . . 130
Transmission and Modulation . . . . . . . . . . . . 130
Pain Projection . . . . . . . . . . . . . . . . . . . . . . . . . 133
Pain Perception . . . . . . . . . . . . . . . . . . . . . . . . . 134

Neuroplasticity . . . . . . . . . . . . . . . . . . . . . . . . . . . 135
Peripheral Sensitization . . . . . . . . . . . . . . . . . . 135
Transcriptional DRG Changes . . . . . . . . . . . . . 136
Central Sensitization . . . . . . . . . . . . . . . . . . . . 136

Disinhibition . . . . . . . . . . . . . . . . . . . . . . . . . . . 137
Endogenous and Environmental Influences
on Pain Perception . . . . . . . . . . . . . . . . . . . . . . . . 137
Clinical Assessment of Pain . . . . . . . . . . . . . . . . . 138

Differentiating Inflammatory and Neuropathic
Pain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 138

General Concepts of Pain Treatment . . . . . . . . . 141
Pharmacological Treatment . . . . . . . . . . . . . . . 141
Non-pharmacological Treatment of Spinal
Pain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 143
Biopsychosocial Interventions . . . . . . . . . . . . 143
Surgical Treatment . . . . . . . . . . . . . . . . . . . . . . 144

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 144
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 145
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 146

6 Epidemiology and Risk Factors of Spinal

Disorders

Achim Elfering, Anne F. Mannion

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153
General Scope . . . . . . . . . . . . . . . . . . . . . . . . . . . . 153

Objectives in Spinal Disorders . . . . . . . . . . . . 154
Classification of Spinal Disorders . . . . . . . . . . . . 155

Etiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
Time Course . . . . . . . . . . . . . . . . . . . . . . . . . . . 155
Low Back Pain . . . . . . . . . . . . . . . . . . . . . . . . . . 156
Neck Pain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 157
Pain, Impairment and Disability . . . . . . . . . . . 157

Burden of Spinal Disorders . . . . . . . . . . . . . . . . . 159
Economic Costs . . . . . . . . . . . . . . . . . . . . . . . . . 159

Risk Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 161
Individual Risk Factors . . . . . . . . . . . . . . . . . . 161
Morphological Risk Factors . . . . . . . . . . . . . . . 162
Psychosocial Factors . . . . . . . . . . . . . . . . . . . . . 162
Occupational Physical Risk Factors . . . . . . . . 163
Occupational Psychological Risk Factors . . . . 163
Absence of Evidence for Certain Risk Factors 164

Geographical Variation . . . . . . . . . . . . . . . . . . . . 164
Flag System for the Risk Factors . . . . . . . . . . . . . 165

Red Flags . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 165
Yellow Flags . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
Blue Flags . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166
Black Flags . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 166

Direction for Future Epidemiological Research 167
Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 167
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 168
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 169

7 Predictors of Surgical Outcome

Anne F. Mannion, Achim Elfering

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 175
Outcome Measures . . . . . . . . . . . . . . . . . . . . . . . . 179

What Constitutes a “Successful Outcome” . . . 180

XIV Contents



The Outcome of Common Spine Surgical
Procedures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 182
Predictors of Outcome of Spinal Surgery . . . . . . 183

Medical Factors . . . . . . . . . . . . . . . . . . . . . . . . . 184
Biological and Demographic Variables . . . . . 186
Health Behavioral and Lifestyle Factors . . . . . 187
Psychological Factors . . . . . . . . . . . . . . . . . . . . 187
Sociological Factors . . . . . . . . . . . . . . . . . . . . . 189
Work-Related Factors . . . . . . . . . . . . . . . . . . . . 189

Risk Factor Assessment in Clinical Practice . . . 190
Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 192
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 193
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 194

Patient Assessment

8 History and Physical Examination

Clément M.L. Werner, Norbert Boos

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 201
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 202
History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 203

Pain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 204
Function . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 210
Spinal Deformity . . . . . . . . . . . . . . . . . . . . . . . . 210

Physical Examination . . . . . . . . . . . . . . . . . . . . . . 211
Walking . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
Standing . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 211
Sitting . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 216
Lying Supine . . . . . . . . . . . . . . . . . . . . . . . . . . . 220
Lying on Left/Right Side . . . . . . . . . . . . . . . . . 220
Lying Prone . . . . . . . . . . . . . . . . . . . . . . . . . . . . 221
Abnormal Illness Behavior . . . . . . . . . . . . . . . 221
Reproducibility . . . . . . . . . . . . . . . . . . . . . . . . . 221

Differential Diagnosis of Spinal Pain Syndromes 222
Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 222
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 223
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 224

9 Imaging Studies

Marius R. Schmid, Jürg Hodler

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 227
Imaging Methods . . . . . . . . . . . . . . . . . . . . . . . . . 227

Standard Radiographs . . . . . . . . . . . . . . . . . . . 227
Magnetic Resonance Imaging . . . . . . . . . . . . . 229
Computed Tomography . . . . . . . . . . . . . . . . . . 241
Additional Imaging Methods . . . . . . . . . . . . . 244

Indications for Spinal Imaging . . . . . . . . . . . . . . 247
Acute Low Back Pain Without Radicular
Symptoms, Without Trauma . . . . . . . . . . . . . . 247
Acute Low Back Pain With Radicular
Symptoms . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 248

Spinal Cord and Cauda Compression
Syndromes . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 249

Acute Trauma . . . . . . . . . . . . . . . . . . . . . . . . . . 249
Chronic Low Back Pain . . . . . . . . . . . . . . . . . . 251
Postoperative Imaging . . . . . . . . . . . . . . . . . . . 251
Whiplash-Associated Disorders . . . . . . . . . . . 252
Pain Relating to the Sacroiliac Joint . . . . . . . . 253
Disease of the Spinal Cord . . . . . . . . . . . . . . . . 255

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 255
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 256
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 257

10 Spinal Injections

Massimo Leonardi, Christian W. Pfirrmann

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 261
Rationale for Spinal Injections . . . . . . . . . . . . . . 261
Lumbar and Cervical Nerve Root Blocks . . . . . . 262

Indications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 262
Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 263
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . 265
Diagnostic and Therapeutic Efficacy . . . . . . . 265

Epidural and Caudal Blocks . . . . . . . . . . . . . . . . . 267
Indications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 267
Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 268
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . 268
Therapeutic Efficacy . . . . . . . . . . . . . . . . . . . . . 268

Provocative Discography . . . . . . . . . . . . . . . . . . . 271
Indications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 271
Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 272
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . 273
Diagnostic Efficacy . . . . . . . . . . . . . . . . . . . . . . 273

Facet Joint Blocks . . . . . . . . . . . . . . . . . . . . . . . . . 275
Indications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 275
Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 276
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . 277
Diagnostic and Therapeutic Efficacy . . . . . . . 278

Sacroiliac Joint Blocks . . . . . . . . . . . . . . . . . . . . . 280
Indications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280
Technique . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 280
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . 280
Diagnostic Efficacy . . . . . . . . . . . . . . . . . . . . . . 281

Contraindications for Spinal Injections . . . . . . . 281
Algorithm for Spinal Injections . . . . . . . . . . . . . . 282
Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 283
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 284
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 285

11 Neurological Assessment in Spinal Disorders

Uta Kliesch, Armin Curt

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 291
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 292
Anatomy and Somatotopic Background . . . . . . . 294
Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 295
Neurological Assessment . . . . . . . . . . . . . . . . . . . 298

Pain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 298

Contents XV



Sensory Deficits . . . . . . . . . . . . . . . . . . . . . . . . 298
Motor Deficits . . . . . . . . . . . . . . . . . . . . . . . . . . 299
Reflex Deficits . . . . . . . . . . . . . . . . . . . . . . . . . . 299
Gait Disorders . . . . . . . . . . . . . . . . . . . . . . . . . . 301
Bowel and Bladder Dysfunction . . . . . . . . . . . 303
Disorders of the Autonomic System . . . . . . . . 303
Spinal Cord Injury . . . . . . . . . . . . . . . . . . . . . . 304
Spinal Cord Syndrome . . . . . . . . . . . . . . . . . . . 304

Differential Diagnosis . . . . . . . . . . . . . . . . . . . . . . 306
Differentiation of Central and Peripheral
Paresis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 306
Differentiation of Radicular and Peripheral
Nerve Lesions . . . . . . . . . . . . . . . . . . . . . . . . . . 306
Differential Diagnosis of Spinal Cord
Compression Syndromes . . . . . . . . . . . . . . . . . 311
Miscellaneous Differential Diagnoses . . . . . . 311

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 312
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 313
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 314

12 Neurophysiological Investigations

Armin Curt, Uta Kliesch

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 319
Historical Background . . . . . . . . . . . . . . . . . . . . . 319
Neuroanatomy . . . . . . . . . . . . . . . . . . . . . . . . . . . . 320
Neurophysiological Modalities . . . . . . . . . . . . . . 321

Electromyography . . . . . . . . . . . . . . . . . . . . . . 321
Nerve Conduction Studies . . . . . . . . . . . . . . . . 322
F-Wave Recordings . . . . . . . . . . . . . . . . . . . . . . 324
H-Reflex . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 325
Somatosensory Evoked Potentials . . . . . . . . . 326
Motor Evoked Potentials (Transcranial
Magnetic Stimulation) . . . . . . . . . . . . . . . . . . . 328
Intraoperative Neuromonitoring . . . . . . . . . . 329

Role of Neurophysiology in Specific Disorders . . 330
Spinal Cord Injury . . . . . . . . . . . . . . . . . . . . . . 330
Cervical/Lumbar Radiculopathy . . . . . . . . . . . 330
Cervical Myelopathy . . . . . . . . . . . . . . . . . . . . . 331
Lumbar Spinal Canal Stenosis . . . . . . . . . . . . . 331

Neurophysiology in Differential Diagnosis . . . . 332
Peripheral Nerve Lesion Versus Radiculopathy 332
Neuropathy Versus Spinal Canal Stenosis . . . 332
Myopathy and Myotonic Disorders . . . . . . . . . 333
Hereditary and Neurodegenerative Disease . 333

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 334
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 334
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 335

13 Surgical Approaches
Norbert Boos, Claudio Affolter,

Martin Merkle, Frank J. Ruehli

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 337
Surgery and Planning . . . . . . . . . . . . . . . . . . . . . . 337

Anterior Medial Approach to Cervical Spine . . . 337
Indications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 338
Patient Positioning . . . . . . . . . . . . . . . . . . . . . . 338
Surgical Exposure . . . . . . . . . . . . . . . . . . . . . . . 339
Pitfalls and Complications . . . . . . . . . . . . . . . . 341

Posterior Approach to the Cervical Spine . . . . . 342
Indications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 342
Patient Positioning . . . . . . . . . . . . . . . . . . . . . . 342
Surgical Exposure . . . . . . . . . . . . . . . . . . . . . . . 343
Pitfalls and Complications . . . . . . . . . . . . . . . . 345

Right-Sided Thoracotomy . . . . . . . . . . . . . . . . . . 345
Indications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 346
Patient Positioning . . . . . . . . . . . . . . . . . . . . . . 346
Surgical Exposure . . . . . . . . . . . . . . . . . . . . . . . 346
Pitfalls and Complications . . . . . . . . . . . . . . . . 349

Left-Sided Thoraco-Phrenico-Lumbotomy . . . . 350
Indications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 350
Patient Positioning . . . . . . . . . . . . . . . . . . . . . . 350
Surgical Exposure . . . . . . . . . . . . . . . . . . . . . . . 350
Pitfalls and Complications . . . . . . . . . . . . . . . . 353

Anterior-Lateral Retroperitoneal Approach
to L2–L5 . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353

Indications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 353
Patient Positioning . . . . . . . . . . . . . . . . . . . . . . 353
Surgical Exposure . . . . . . . . . . . . . . . . . . . . . . . 353
Pitfalls and Complications . . . . . . . . . . . . . . . . 355

Anterior Lumbar Retroperitoneal Approach . . . 355
Indications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 355
Patient Positioning . . . . . . . . . . . . . . . . . . . . . . 355
Surgical Exposure . . . . . . . . . . . . . . . . . . . . . . . 356
Pitfalls and Complications . . . . . . . . . . . . . . . . 358

Posterior Approach to the Thoracolumbar Spine 358
Indications . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 358
Patient Positioning . . . . . . . . . . . . . . . . . . . . . . 358
Surgical Exposure . . . . . . . . . . . . . . . . . . . . . . . 359
Pitfalls and Complications . . . . . . . . . . . . . . . . 361

Landmarks for Screw Insertion . . . . . . . . . . . . . . 361
Cervico-occipital Spine . . . . . . . . . . . . . . . . . . 361

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 368
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 369
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 369

Peri- and Postoperative Management

14 Preoperative Assessment

Stephan Blumenthal, Youri Reiland,

Alain Borgeat

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 373
Aim of Preanesthetic Evaluation . . . . . . . . . . . . . 373

Information and Instructions . . . . . . . . . . . . . 374
Patient Assessment . . . . . . . . . . . . . . . . . . . . . . . . 374

History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 374
Physical Examination . . . . . . . . . . . . . . . . . . . . 375
Laboratory Studies . . . . . . . . . . . . . . . . . . . . . . 375

XVI Contents



Organ-Specific Assessment . . . . . . . . . . . . . . . . . 376
Airway Assessment . . . . . . . . . . . . . . . . . . . . . . 376
Respiratory System . . . . . . . . . . . . . . . . . . . . . . 376
Cardiovascular Assessment . . . . . . . . . . . . . . . 378
Neurological Assessment . . . . . . . . . . . . . . . . . 379

Perioperative Drug Therapy . . . . . . . . . . . . . . . . 379
What to Stop, to Continue and to Add? . . . . . 379
Premedication . . . . . . . . . . . . . . . . . . . . . . . . . . 380
Thromboembolic Prophylaxis . . . . . . . . . . . . . 380

Special Conditions Requiring Spinal Surgery . . 382
Spinal Deformity . . . . . . . . . . . . . . . . . . . . . . . . 382
Neuromuscular Disease . . . . . . . . . . . . . . . . . . 383
Cerebral Palsy . . . . . . . . . . . . . . . . . . . . . . . . . . 383
Malignancy . . . . . . . . . . . . . . . . . . . . . . . . . . . . 384
Spinal Cord Injury . . . . . . . . . . . . . . . . . . . . . . 384

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 385
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 386
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 387

15 Intraoperative Anesthesia Management

Juan Francisco Asenjo

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 389
Historical Background . . . . . . . . . . . . . . . . . . . . . 389
Goals of Anesthesia in Spinal Surgery . . . . . . . . 389
Preoperative Patient Assessment . . . . . . . . . . . . . 390
Induction of Anesthesia . . . . . . . . . . . . . . . . . . . . 390

Airway Control and Endotracheal Intubation 391
Antibiotic Prophylaxis . . . . . . . . . . . . . . . . . . . 393
Patient Positioning . . . . . . . . . . . . . . . . . . . . . . 394
Maintenance of Anesthesia . . . . . . . . . . . . . . . 396

Intraoperative Monitoring Techniques . . . . . . . . 397
Advanced Monitoring of Vital Functions . . . . 397
Monitoring Depth of Anesthesia
(Consciousness) . . . . . . . . . . . . . . . . . . . . . . . . 400

Intraoperative Blood Preserving Techniques . . . 400
Controlled Hypotensive Anesthesia . . . . . . . . 401
Intrathecal Opiates . . . . . . . . . . . . . . . . . . . . . . 402
Blood Predeposit and Erythropoietin
Injection . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 402
Cell Salvage . . . . . . . . . . . . . . . . . . . . . . . . . . . . 402
Pharmacological Measures . . . . . . . . . . . . . . . 403
Blood Transfusion and Coagulation Factor
Substitution . . . . . . . . . . . . . . . . . . . . . . . . . . . . 403

Intraoperative Spinal Cord Monitoring . . . . . . . 405
Anesthetic Effects on SSEPs . . . . . . . . . . . . . . . 406
Anesthetic Effects on MEPs . . . . . . . . . . . . . . . 407
Nerve Root Monitoring . . . . . . . . . . . . . . . . . . 408
Wake-up Test . . . . . . . . . . . . . . . . . . . . . . . . . . . 408

End of Anesthesia . . . . . . . . . . . . . . . . . . . . . . . . . 409
Postoperative Pain Management . . . . . . . . . . . . . 409
Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 411
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 411
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 412

16 Postoperative Care and Pain Management

Stephan Blumenthal, Alain Borgeat

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 417
Postoperative Care . . . . . . . . . . . . . . . . . . . . . . . . 417

Postoperative Ventilation or Extubation . . . . 418
Hemodynamic Assessment . . . . . . . . . . . . . . . 419
Neurological Assessment . . . . . . . . . . . . . . . . . 419
Gastrointestinal Function . . . . . . . . . . . . . . . . 420
Thromboembolic Prophylaxis . . . . . . . . . . . . . 420

Postoperative Pain Management . . . . . . . . . . . . . 420
Consequences of Pain . . . . . . . . . . . . . . . . . . . . 420
Non-narcotics . . . . . . . . . . . . . . . . . . . . . . . . . . 421
Non-steroidal Drugs . . . . . . . . . . . . . . . . . . . . . 421
Opioids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 421
Local Anesthetics . . . . . . . . . . . . . . . . . . . . . . . 422
N-Methyl-D-aspartate Antagonists . . . . . . . . . 422

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 423
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 424

Degenerative Disorders

17 Degenerative Disorders of the Cervical Spine

Massimo Leonardi, Norbert Boos

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 429
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 430
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 430
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 432

Neck Pain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 432
Cervical Disc Herniation . . . . . . . . . . . . . . . . . 432
Cervical Spondylotic Radiculopathy . . . . . . . 433
Cervical Spondylotic Myelopathy . . . . . . . . . . 433

Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 435
History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 436
Physical Findings . . . . . . . . . . . . . . . . . . . . . . . 437
Functional Assessment . . . . . . . . . . . . . . . . . . . 439

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 439
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . . 439
Neurophysiological Assessment . . . . . . . . . . . 444
Differential Diagnosis . . . . . . . . . . . . . . . . . . . 444

Non-operative Treatment . . . . . . . . . . . . . . . . . . . 444
Natural History . . . . . . . . . . . . . . . . . . . . . . . . . 445
Conservative Treatment Modalities . . . . . . . . 446

Operative Treatment . . . . . . . . . . . . . . . . . . . . . . . 448
General Principles . . . . . . . . . . . . . . . . . . . . . . 448
Surgical Techniques . . . . . . . . . . . . . . . . . . . . . 449
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 451
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 454
Case Study 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 456
Surgical Decision-Making . . . . . . . . . . . . . . . . 459
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . 463

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 464
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 466
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 468

Contents XVII



18 Disc Herniation and Radiculopathy

Massimo Leonardi, Norbert Boos

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 481
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 481
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 482
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 483

Risk Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . 483
Radiculopathy . . . . . . . . . . . . . . . . . . . . . . . . . . 484

Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 486
History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 486
Physical Findings . . . . . . . . . . . . . . . . . . . . . . . 487

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 488
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . . 488
Neurophysiologic Assessment . . . . . . . . . . . . . 490
Urologic Assessment . . . . . . . . . . . . . . . . . . . . 490
Differential Diagnosis . . . . . . . . . . . . . . . . . . . 491

Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 491
Non-operative Treatment . . . . . . . . . . . . . . . . . . . 493

Natural History . . . . . . . . . . . . . . . . . . . . . . . . . 494
Conservative Measures . . . . . . . . . . . . . . . . . . . 494

Operative Treatment . . . . . . . . . . . . . . . . . . . . . . . 496
General Principles . . . . . . . . . . . . . . . . . . . . . . 496
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 497
Surgical Techniques . . . . . . . . . . . . . . . . . . . . . 497
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 499
Conservative Versus Operative Treatment . . . 503
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . 504

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 505
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 506
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 507

19 Lumbar Spinal Stenosis

Patrick O. Zingg, Norbert Boos

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 513
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 513
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 514
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 515

Anatomy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 515
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . 515
Spinal Claudication Syndrome . . . . . . . . . . . . 517

Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 517
Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 519

History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 519
Physical Findings . . . . . . . . . . . . . . . . . . . . . . . 520

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 520
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . . 520
Neurophysiologic Studies . . . . . . . . . . . . . . . . 523
Differential Diagnosis . . . . . . . . . . . . . . . . . . . 524

Non-operative Treatment . . . . . . . . . . . . . . . . . . . 524
Natural History . . . . . . . . . . . . . . . . . . . . . . . . . 525
Non-operative Options . . . . . . . . . . . . . . . . . . . 525

Operative Treatment . . . . . . . . . . . . . . . . . . . . . . . 526
General Principles . . . . . . . . . . . . . . . . . . . . . . 526
Surgical Techniques . . . . . . . . . . . . . . . . . . . . . 526

Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 527
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 529
Operative Risks and Complications . . . . . . . . 530

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 531
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 532
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 533

20 Degenerative Lumbar Spondylosis

Martin Merkle, Beat Wälchli,

Norbert Boos

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 539
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 539
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 540
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 541

Disc Degeneration and Discogenic Back Pain 542
Facet Joint Osteoarthritis . . . . . . . . . . . . . . . . . 543
Segmental Instability . . . . . . . . . . . . . . . . . . . . 544

Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 545
History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 546
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 547
Physical Findings . . . . . . . . . . . . . . . . . . . . . . . 548

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 548
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . . 549
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 550
Injection Studies . . . . . . . . . . . . . . . . . . . . . . . . 551
Temporary Stabilization . . . . . . . . . . . . . . . . . . 552
Patient Selection for Treatment . . . . . . . . . . . . 552

Non-operative Treatment . . . . . . . . . . . . . . . . . . . 553
Operative Treatment . . . . . . . . . . . . . . . . . . . . . . . 554

General Principles . . . . . . . . . . . . . . . . . . . . . . 554
Biology of Spinal Fusion . . . . . . . . . . . . . . . . . 555
Surgical Techniques . . . . . . . . . . . . . . . . . . . . . 558
Comparison of Treatment Modalities . . . . . . . 568
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . 569

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 570
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 571
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 573

21 Non-specific Low Back Pain

Florian Brunner, Sherri Weiser,

Annina Schmid, Margareta Nordin

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 585
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 585
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 586
Classification of Back Pain . . . . . . . . . . . . . . . . . . 587
Pathogenesis of NSLBP . . . . . . . . . . . . . . . . . . . . . 587
Patient Assessment and Triage for Non-operative
Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 588
Management of NSLBP . . . . . . . . . . . . . . . . . . . . . 590

Management of Acute NSLBP (<4 weeks) . . . 590
Management of Subacute NSLBP (4–12 weeks) 592
Management of Chronic Non-specific LBP
(>12 weeks) . . . . . . . . . . . . . . . . . . . . . . . . . . . . 595

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 596

XVIII Contents



Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 596
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 598

22 Postoperative Rehabilitation

Florian Brunner, Shira Schecter-Weiner,

Annina Schmid, Rudolf Kissling

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 603
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 603
Conceptional Background . . . . . . . . . . . . . . . . . . 604

Theoretical Considerations . . . . . . . . . . . . . . . 604
Anatomical and Surgical Considerations . . . . 605
Individual and Societal Considerations . . . . . 606

Indications for Postoperative Spinal
Rehabilitation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 606

General Goals . . . . . . . . . . . . . . . . . . . . . . . . . . 607
Specific Goals . . . . . . . . . . . . . . . . . . . . . . . . . . 607

Principles of Postoperative Rehabilitation . . . . . 607
Preoperative Assessment . . . . . . . . . . . . . . . . . 607
Postoperative Rehabilitation . . . . . . . . . . . . . . 608

Obstacles for Rehabilitation . . . . . . . . . . . . . . . . . 616
Morphological Obstacles and General Medical
Obstacles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 616
Psychosocial Obstacles . . . . . . . . . . . . . . . . . . . 617
Work-Related Obstacles . . . . . . . . . . . . . . . . . . 617

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 617
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 618
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 619

Spinal Deformities and Malformations

23 Idiopathic Scoliosis

Mathias Haefeli, Kan Min

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 623
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 623
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 624
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 625

Genetic Factors . . . . . . . . . . . . . . . . . . . . . . . . . 625
Connective Tissue and Skeletal Muscle
Abnormalities . . . . . . . . . . . . . . . . . . . . . . . . . . 625
Thrombocyte Abnormalities, Calmodulin
and Melatonin . . . . . . . . . . . . . . . . . . . . . . . . . . 626

Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 626
Age-Related Classification . . . . . . . . . . . . . . . . 626
Radiological Classification . . . . . . . . . . . . . . . 627

Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 627
History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 627
Physical Examination . . . . . . . . . . . . . . . . . . . . 629

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 632
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . . 632
Neurophysiologic Evaluation . . . . . . . . . . . . . . 637

Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 637
General Considerations . . . . . . . . . . . . . . . . . . 637
Natural History . . . . . . . . . . . . . . . . . . . . . . . . . 637
Non-operative Options . . . . . . . . . . . . . . . . . . . 639

Operative Treatment . . . . . . . . . . . . . . . . . . . . . . . 641
Indications for Surgery . . . . . . . . . . . . . . . . . . 641
General Principles . . . . . . . . . . . . . . . . . . . . . . 642
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 646
Surgical Decision Making . . . . . . . . . . . . . . . . 647
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 651
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . 651

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 652
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 653
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 654

24 Neuromuscular Scoliosis

Jean A. Ouellet, Vincent Arlet

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 663
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 663

Case Introduction . . . . . . . . . . . . . . . . . . . . . . . 664
Disease Specific Spinal Deformity . . . . . . . . . 666

Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 667
Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 667
Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 669

History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 669
Physical Examination . . . . . . . . . . . . . . . . . . . . 670
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 671

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 673
Medical Assessment . . . . . . . . . . . . . . . . . . . . . 673
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 674
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . . 675

Non-operative Treatment . . . . . . . . . . . . . . . . . . . 677
Natural History . . . . . . . . . . . . . . . . . . . . . . . . . 677
Non-operative Treatment Options . . . . . . . . . 678

Operative Treatment . . . . . . . . . . . . . . . . . . . . . . . 678
Surgical Indications . . . . . . . . . . . . . . . . . . . . . 678
General Principles . . . . . . . . . . . . . . . . . . . . . . 679
Surgical Techniques . . . . . . . . . . . . . . . . . . . . . 680
Case Study 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 680
Case Study 4 . . . . . . . . . . . . . . . . . . . . . . . . . . . 686

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 689
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 690
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 691

25 Congenital Scoliosis

Francis H. Shen, Vincent Arlet

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 693
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 693
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 694
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 694
Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 695
Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 696

History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 696
Physical Findings . . . . . . . . . . . . . . . . . . . . . . . . . 697
Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 698

Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . . 698
Specific Investigations . . . . . . . . . . . . . . . . . . . 700

Non-operative Treatment . . . . . . . . . . . . . . . . . . . 700

Contents XIX



Natural History and Progression . . . . . . . . . . 700
Operative Treatment . . . . . . . . . . . . . . . . . . . . . . . 701

General Principles . . . . . . . . . . . . . . . . . . . . . . 701
Surgical Techniques . . . . . . . . . . . . . . . . . . . . . 702
Corrective Surgery Procedures . . . . . . . . . . . . 702
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 703
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 704
Miscellaneous Surgical Techniques . . . . . . . . . 707

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 708
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 709
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 710

26 Degenerative Scoliosis

Max Aebi

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 713
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 713
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 714
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 715
Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 716
Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 717

History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 717
Physical Findings . . . . . . . . . . . . . . . . . . . . . . . 719

Diagnostic Workup . . . . . . . . . . . . . . . . . . . . . . . . 720
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . . 720
Interventional Radiological Procedure . . . . . 721
Additional Diagnostic Tools . . . . . . . . . . . . . . 722

Non-operative Treatment . . . . . . . . . . . . . . . . . . . 722
Operative Treatment . . . . . . . . . . . . . . . . . . . . . . . 723

Decompression Procedure . . . . . . . . . . . . . . . . 724
Correction Procedures . . . . . . . . . . . . . . . . . . . 724
Surgical Techniques . . . . . . . . . . . . . . . . . . . . . 725
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 728
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 729

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 729
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 730
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 731

27 Spondylolisthesis

Clayton N. Kraft, Rüdiger Krauspe

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 733
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 733
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 734
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 735
Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 735
Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 736

History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 736
Physical Findings . . . . . . . . . . . . . . . . . . . . . . . 738
Differential Diagnosis . . . . . . . . . . . . . . . . . . . 738

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 739
Imaging . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 739
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 742
Invasive Imaging Studies . . . . . . . . . . . . . . . . . 743

Non-operative Treatment . . . . . . . . . . . . . . . . . . . 745
Natural History . . . . . . . . . . . . . . . . . . . . . . . . . 745

Conservative Treatment Options . . . . . . . . . . 745
Operative Treatment . . . . . . . . . . . . . . . . . . . . . . . 747

General Principles . . . . . . . . . . . . . . . . . . . . . . 747
Surgical Techniques . . . . . . . . . . . . . . . . . . . . . 748
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 751
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . 756

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 757
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 758
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 759

28 Juvenile Kyphosis (Scheuermann’s Disease)

Dietrich Schlenzka, Vincent Arlet

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 765
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 765
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 766
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 767
Normal Sagittal Profile . . . . . . . . . . . . . . . . . . . . . 768
Definition and Classification . . . . . . . . . . . . . . . . 771
Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 773

History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 773
Physical Findings . . . . . . . . . . . . . . . . . . . . . . . 774

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 775
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . . 775
Neurophysiological Tests . . . . . . . . . . . . . . . . . 777
Lung Function Test . . . . . . . . . . . . . . . . . . . . . . 777
Differential Diagnosis . . . . . . . . . . . . . . . . . . . 777

Non-operative Treatment . . . . . . . . . . . . . . . . . . . 779
Natural History . . . . . . . . . . . . . . . . . . . . . . . . . 779
Bracing and Casting . . . . . . . . . . . . . . . . . . . . . 780
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 780

Operative Treatment . . . . . . . . . . . . . . . . . . . . . . . 782
Preoperative Assessment . . . . . . . . . . . . . . . . . 782
General Principles . . . . . . . . . . . . . . . . . . . . . . 783
Operative Technique . . . . . . . . . . . . . . . . . . . . . 784
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 786
Results of Operative Treatment . . . . . . . . . . . . 788
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . 790

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 791
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 792
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 793

29 Malformations of the Spinal Cord

Dilek Könü-Leblebicioglu, Yasuhiro

Yonekawa

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 797
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 797
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 798
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 799

Embryological Aspects . . . . . . . . . . . . . . . . . . . 799
Relevant Embryogenetic Steps . . . . . . . . . . . . 800
Risk Factors . . . . . . . . . . . . . . . . . . . . . . . . . . . . 801
Pathophysiology of Tethered Cord Syndrome 802

Terminology and Classification . . . . . . . . . . . . . . 802
Classification of Spinal Malformation . . . . . . 803

XX Contents



Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 805
Classification of Tethered Spinal Cord . . . . . . 811

Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 812
History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 812
Physical Findings . . . . . . . . . . . . . . . . . . . . . . . 813

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 814
Prenatal Diagnosis . . . . . . . . . . . . . . . . . . . . . . 814
Postnatal Diagnostic Tests . . . . . . . . . . . . . . . . 815

Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 815
In Utero Treatment . . . . . . . . . . . . . . . . . . . . . . 816
Postnatal Surgery . . . . . . . . . . . . . . . . . . . . . . . 816

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 818
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 819
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 819

Fractures

30 Cervical Spine Injuries

Michael Heinzelmann, Karim Eid,

Norbert Boos

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 825
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 826
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 827
Pathomechanisms . . . . . . . . . . . . . . . . . . . . . . . . . 828

Normal Anatomy . . . . . . . . . . . . . . . . . . . . . . . 828
Biomechanics of Cervical Spine Trauma . . . . 830
Spinal Cord Injury . . . . . . . . . . . . . . . . . . . . . . 832
Pathomechanism of Whiplash-Associated
Disorders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 833

Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 834
History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 834
Physical Findings . . . . . . . . . . . . . . . . . . . . . . . 835
Classification of Whiplash-Associated
Disorders . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 836

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 836
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . . 836
Neurophysiology . . . . . . . . . . . . . . . . . . . . . . . . 842
Vascular Assessment . . . . . . . . . . . . . . . . . . . . . 842
Synopsis of Assessment Recommendations . . 842

General Treatment Principles . . . . . . . . . . . . . . . 844
Whiplash-Associated Disorders . . . . . . . . . . . 844
Non-operative Treatment Modalities . . . . . . . 845
Spinal Cord Injuries . . . . . . . . . . . . . . . . . . . . . 848

Specific Treatment of Upper Cervical Spine
Injuries . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 850

Fractures of the Occipital Condyle . . . . . . . . . 850
Atlanto-occipital Dislocation . . . . . . . . . . . . . . 851
Fractures of the Atlas . . . . . . . . . . . . . . . . . . . . 852
Atlantoaxial Instabilities . . . . . . . . . . . . . . . . . 853
Dens Fractures . . . . . . . . . . . . . . . . . . . . . . . . . 854
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 858
Traumatic Spondylolisthesis of the Axis . . . . 860
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 862
Combined Atlas/Axis Fractures . . . . . . . . . . . 863

Classification and Treatment of Subaxial Injuries 863
Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . 864
Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 866
Case Study 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 870
Complications . . . . . . . . . . . . . . . . . . . . . . . . . . 871

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 871
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 873
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 874

31 Thoracolumbar Spinal Injuries

Michael Heinzelmann, Guido A. Wanner

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 883
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 883
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 884
Pathomechanisms . . . . . . . . . . . . . . . . . . . . . . . . . 885

Axial Compression . . . . . . . . . . . . . . . . . . . . . . 885
Flexion/Distraction . . . . . . . . . . . . . . . . . . . . . . 886
Hyperextension . . . . . . . . . . . . . . . . . . . . . . . . . 886
Rotational Injuries . . . . . . . . . . . . . . . . . . . . . . 886
Shear . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 887

Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 887
Denis Classification . . . . . . . . . . . . . . . . . . . . . 888
AO Classification . . . . . . . . . . . . . . . . . . . . . . . 888

Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 892
Spinal Injuries . . . . . . . . . . . . . . . . . . . . . . . . . . 892
Neurological Deficit . . . . . . . . . . . . . . . . . . . . . 892
Concomitant Non-spinal Injuries . . . . . . . . . . 893
History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 893
Physical Findings . . . . . . . . . . . . . . . . . . . . . . . 894

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 895
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . . 895

Non-operative Treatment . . . . . . . . . . . . . . . . . . . 898
Steroid Treatment of Spinal Cord Injury . . . . 899
Non-operative Treatment Modalities . . . . . . . 899
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 900

Operative Treatment . . . . . . . . . . . . . . . . . . . . . . . 903
General Principles . . . . . . . . . . . . . . . . . . . . . . 903
Surgical Techniques . . . . . . . . . . . . . . . . . . . . . 905
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 906
Case Study 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 911
Outcome of Operative Versus Non-operative
Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 914

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 918
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 919
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 920

32 Osteoporotic Spine Fractures

Paul F. Heini, Albrecht Popp

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 925
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 925
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 926
Pathogenesis and Definition . . . . . . . . . . . . . . . . 926
Classification of Vertebral Body Compression
Fractures . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 929

Contents XXI



Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 930
History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 930
Physical Findings . . . . . . . . . . . . . . . . . . . . . . . 933

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 933
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . . 933
Radionuclide Studies . . . . . . . . . . . . . . . . . . . . 934
Densitometry . . . . . . . . . . . . . . . . . . . . . . . . . . 934
Bone Biopsy . . . . . . . . . . . . . . . . . . . . . . . . . . . . 935
Laboratory Investigations . . . . . . . . . . . . . . . . 935

Non-operative Treatment . . . . . . . . . . . . . . . . . . . 936
Conservative Fracture Management . . . . . . . . 936
Medical Treatment . . . . . . . . . . . . . . . . . . . . . . 936

Operative Treatment . . . . . . . . . . . . . . . . . . . . . . . 937
General Principles . . . . . . . . . . . . . . . . . . . . . . 937
Surgical Principles . . . . . . . . . . . . . . . . . . . . . . 937

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . . 942
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 943
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 944

Tumors and Inflammation

33 Primary Tumors of the Spine

Bruno Fuchs, Norbert Boos

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . . 951
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 951
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 952
Tumor Biology . . . . . . . . . . . . . . . . . . . . . . . . . . . . 953

Molecular Tumor Biology . . . . . . . . . . . . . . . . 953
Pathways of Metastasis . . . . . . . . . . . . . . . . . . . 954
Histology and Biology of Spinal Tumors . . . . 956

Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . . 957
History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 957
Physical Findings . . . . . . . . . . . . . . . . . . . . . . . 957

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . . 958
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . 958
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 960
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 961
Biopsy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 964
Laboratory Investigations . . . . . . . . . . . . . . . 964

Tumor Staging . . . . . . . . . . . . . . . . . . . . . . . . . . . 964
Benign Tumors . . . . . . . . . . . . . . . . . . . . . . . . 965
Malignant Tumors . . . . . . . . . . . . . . . . . . . . . 966

Non-operative Treatment . . . . . . . . . . . . . . . . . . 967
Non-steroidal Anti-inflammatory Drugs . . . 967
Adjuvant Therapy . . . . . . . . . . . . . . . . . . . . . . 967

Operative Treatment . . . . . . . . . . . . . . . . . . . . . . 968
General Principles . . . . . . . . . . . . . . . . . . . . . 968
Surgical Techniques . . . . . . . . . . . . . . . . . . . . 969
Case Study 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 971

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 973
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 974
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 974

34 Spinal Metastasis

Dante G. Marchesi

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . 977
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . 977
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 978
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 978
Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . 980

History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 980
Physical Findings . . . . . . . . . . . . . . . . . . . . . . 980

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . 981
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . 981
Biopsy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 983
Laboratory Investigation . . . . . . . . . . . . . . . . 983

Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . 984
Non-operative Treatment . . . . . . . . . . . . . . . . . . 985

Steroids . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 985
Radiotherapy . . . . . . . . . . . . . . . . . . . . . . . . . . 985

Operative Treatment . . . . . . . . . . . . . . . . . . . . . . 986
General Principles . . . . . . . . . . . . . . . . . . . . . 986
General Surgical Techniques . . . . . . . . . . . . . 987
Specific Surgical Techniques . . . . . . . . . . . . . 988
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . . 989
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . . 992
Case Study 3 . . . . . . . . . . . . . . . . . . . . . . . . . . . 993
Postoperative Patient Management . . . . . . . 993

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 994
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 995
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 995

35 Intradural Tumors

Yashuhiro Yonekawa, Richard Marugg

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . 997
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . 997
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . . 998
Etiology and Pathogenesis . . . . . . . . . . . . . . . . . 998
Classification of Intradural Tumors . . . . . . . . . 999

Intradural-Extramedullary Tumors . . . . . . . 999
Differential Diagnosis . . . . . . . . . . . . . . . . . . 1000
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . 1001
Intradural-Intramedullary Tumors . . . . . . . . 1002
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . 1004

Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . 1005
History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1005
Physical Findings . . . . . . . . . . . . . . . . . . . . . . 1006

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . 1006
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . 1007
Lumbar Puncture . . . . . . . . . . . . . . . . . . . . . . 1008

Treatment . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1009
Non-surgical Treatment . . . . . . . . . . . . . . . . . 1009
Surgical Treatment . . . . . . . . . . . . . . . . . . . . . 1009
Surgical Techniques . . . . . . . . . . . . . . . . . . . . 1010
Intrinsic Spinal Cord Tumor Resection . . . . 1012
Case Study 3 . . . . . . . . . . . . . . . . . . . . . . . . . . 1013

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 1016

XXII Contents



Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1017
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1018

36 Infections of the Spine

Norbert Boos

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . 1021
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . 1021
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . 1022
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1023
Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1023
Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . 1024

History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1024
Physical Findings . . . . . . . . . . . . . . . . . . . . . . 1025

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . 1025
Labaratory Investigations . . . . . . . . . . . . . . . 1025
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . 1026
Biopsy . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1028

Nonoperative Treatment . . . . . . . . . . . . . . . . . . 1029
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . 1030

Operative Treatment . . . . . . . . . . . . . . . . . . . . . . 1031
General Principles . . . . . . . . . . . . . . . . . . . . . 1031
Surgical Techniques . . . . . . . . . . . . . . . . . . . . 1031
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . 1035

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 1036
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1037
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1037

37 Rheumatoid Arthritis

Dieter Grob

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . 1041
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . 1041
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1041
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . 1042
Classification . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1044
Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . 1045

History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1045
Physical Findings . . . . . . . . . . . . . . . . . . . . . . 1045

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . 1045
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . 1045
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . 1047
Injection Studies . . . . . . . . . . . . . . . . . . . . . . . 1048
Neurophysiological Investigations . . . . . . . . 1048

Non-operative Treatment . . . . . . . . . . . . . . . . . . 1048
Operative Treatment . . . . . . . . . . . . . . . . . . . . . . 1048

General Principles . . . . . . . . . . . . . . . . . . . . . 1048
Indications . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1049
Surgical Techniques . . . . . . . . . . . . . . . . . . . . 1050
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . 1053

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 1054
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1054
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1055

38 Ankylosing Spondylitis

Thomas Liebscher, Kan Min, Norbert Boos

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . 1057
Epidemiology . . . . . . . . . . . . . . . . . . . . . . . . . . . 1057
Case Introduction . . . . . . . . . . . . . . . . . . . . . . . . 1058
Pathogenesis . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1060
Clinical Presentation . . . . . . . . . . . . . . . . . . . . . . 1061

History . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1061
Physical Findings . . . . . . . . . . . . . . . . . . . . . . 1062

Diagnostic Work-up . . . . . . . . . . . . . . . . . . . . . . 1063
Laboratory Investigations . . . . . . . . . . . . . . . 1063
Imaging Studies . . . . . . . . . . . . . . . . . . . . . . . 1063
Diagnostic Criteria . . . . . . . . . . . . . . . . . . . . . 1066

Non-operative Treatment . . . . . . . . . . . . . . . . . . 1067
Natural History . . . . . . . . . . . . . . . . . . . . . . . . 1067
Non-operative Management . . . . . . . . . . . . . 1068
Physiotherapy . . . . . . . . . . . . . . . . . . . . . . . . . 1069
Treatment Recommendations . . . . . . . . . . . . 1069

Operative Treatment . . . . . . . . . . . . . . . . . . . . . . 1070
General Principles . . . . . . . . . . . . . . . . . . . . . 1070
Planning of Osteotomies . . . . . . . . . . . . . . . . 1071
Surgical Techniques . . . . . . . . . . . . . . . . . . . . 1072
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . 1076
Case Study 2 . . . . . . . . . . . . . . . . . . . . . . . . . . 1078
Complications . . . . . . . . . . . . . . . . . . . . . . . . . 1080

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 1080
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1081
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1082

39 Treatment of Postoperative
Complications

Martin Krismer, Norbert Boos

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . 1087
Frequency of Complications . . . . . . . . . . . . . . . 1087

Cervical Spine Surgery . . . . . . . . . . . . . . . . . . 1087
Case Introduction . . . . . . . . . . . . . . . . . . . . . . 1088
Anterior Spinal Surgery . . . . . . . . . . . . . . . . . 1089
Disc Herniation and Spinal Stenosis . . . . . . 1089
Lumbar Spinal Fusion . . . . . . . . . . . . . . . . . . 1090
Comparison of Complications . . . . . . . . . . . 1090

Preventive Measures . . . . . . . . . . . . . . . . . . . . . . 1090
Screening of Risk Factors . . . . . . . . . . . . . . . . 1091
Preoperative Planning . . . . . . . . . . . . . . . . . . 1093
Profound Knowledge of Anatomy . . . . . . . . . 1094
Patient Positioning . . . . . . . . . . . . . . . . . . . . . 1094
Neuromonitoring . . . . . . . . . . . . . . . . . . . . . . 1095

Approach-Related Complications . . . . . . . . . . . 1095
Anteromedial Cervical Approach . . . . . . . . . 1096
Case Study 1 . . . . . . . . . . . . . . . . . . . . . . . . . . 1097
Anterior Approach to the Cervicothoracic
Junction . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1098
Thoracotomy . . . . . . . . . . . . . . . . . . . . . . . . . . 1098
Thoracolumbar Approach . . . . . . . . . . . . . . . 1100

Contents XXIII



Anterior Lumbar and Lumbosacral
Approach . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1100
Posterior Approach to the Cervical Spine . . 1103
Posterior Approaches to the Thoracic and
Lumbar Spine . . . . . . . . . . . . . . . . . . . . . . . . . 1104

Procedure Related Complications . . . . . . . . . . . 1104
Decompressive Cervical and Lumbar
Surgery . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1104
Deformity Correction . . . . . . . . . . . . . . . . . . . 1106
Reduction of High-Grade Spondylolisthesis 1108
Corpectomy/Osteotomy . . . . . . . . . . . . . . . . . 1108

Postoperative Complications . . . . . . . . . . . . . . . 1109
Homeostasis Related Complications . . . . . . 1109
Neurological Complications . . . . . . . . . . . . . 1110
Postoperative Wound Problems . . . . . . . . . . 1110
Cerebrospinal Fluid Fistula . . . . . . . . . . . . . . 1112
Vascular Complications . . . . . . . . . . . . . . . . . 1112
Pulmonary Problems . . . . . . . . . . . . . . . . . . . 1113
Gastrointestinal Problems . . . . . . . . . . . . . . . 1113
Urogenital Complications . . . . . . . . . . . . . . . 1114
Retrograde Ejaculation . . . . . . . . . . . . . . . . . 1114

Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 1115
Key Articles . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1116
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1117

40 Outcome Assessment in Spinal
Surgery

Mathias Haefeli, Norbert Boos

Core Messages . . . . . . . . . . . . . . . . . . . . . . . . . . . 1123
General Concepts of Outcome Assessment . . . 1123
Pain . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1125

General Aspects . . . . . . . . . . . . . . . . . . . . . . . 1125
Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . 1126

Disability . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1128
General Aspects . . . . . . . . . . . . . . . . . . . . . . . 1128
Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . 1128

Quality of Life . . . . . . . . . . . . . . . . . . . . . . . . . . . 1130
General Aspects . . . . . . . . . . . . . . . . . . . . . . . 1130
Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . 1130

Psychosocial Aspects, Work Situation and Fear
Avoidance Beliefs . . . . . . . . . . . . . . . . . . . . . . . . 1133

General Aspects . . . . . . . . . . . . . . . . . . . . . . . 1133
Instruments . . . . . . . . . . . . . . . . . . . . . . . . . . . 1133

Clinical Feasibility and Practicability . . . . . . . . 1134
Recapitulation . . . . . . . . . . . . . . . . . . . . . . . . . . . 1135
References . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1136

Subject Index . . . . . . . . . . . . . . . . . . . . . . . . . . . 1143

The Editors . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1163

The Medical Illustrator . . . . . . . . . . . . . . . . . . . 1164

The Artist . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . 1165

XXIV Contents



List of Contributors

Max Aebi

Institut für Evaluative Forschung in Orthopädischer Chirurgie,
MEM Forschungszentrum, Universität Bern,
Stauffacherstr. 78, 3014 Bern, Schweiz
e-mail: max.aebi@MEMcenter.unibe.ch

Claudio Affolter

Anatomisches Institut, Universität Zürich, Winterthurerstr. 190, 8057 Zürich,
Schweiz

Vincent Arlet

Division of Scoliosis and Spine Surgery, Department of Orthopedic Surgery,
University of Virginia, Charlottesville, VA 22908-0159, USA
e-mail: va3e@hscmail.mcc.virginia.edu

Juan Francisco Asenjo

Department of Anaesthesia, Montreal General Hospital, McGill University
Health Centre, 1650 Cedar Avenue, Room D8.132, Montreal (Quebec), H3G
1A4, Canada
e-mail: Jfasenjo@yahoo.com

Stephan Blumenthal

Anästhesie, Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: stephan.blumenthal@balgrist.ch

Thomas Boeni

Orthopädie, Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
Medizinhistorisches Museum, Universität Zürich, Rämistrasse 69, 8091 Zürich,
Schweiz
e-mail: thomas.boeni@balgrist.ch

Norbert Boos

Zentrum für Wirbelsäulen- und Rückenmarkchirurgie, Universität Zürich,
Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: norbert.boos@balgrist.ch

Alain Borgeat

Anästhesie, Universitätsklinik Balgrist, Forchstr. 340, 808 Zürich, Schweiz
e-mail: alain.borgeat@balgrist.ch

Florian Brunner

Rheumatologie, Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: florian.brunner@balgrist.ch

XXV



Armin Curt

Spinal Cord Rehabilitation, ICORD, University of British Columbia,
2469–6270 University Blvd., V6T 1Z1, Vancouver, Canada
e-mail: curt@icord.org

Karim Eid

Zentrum für Wirbelsäulen- und Rückenmarkchirurgie, Universität Zürich,
Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: karim.eid.@balgrist.ch

Achim Elfering

Psychologisches Institut, Universität Bern, Muesmattstr. 43, 3000 Bern 9,
Schweiz
e-mail: Achim.elfering@psy.unibe.ch

Stephen Ferguson

Institut für chirurgische Technologien und Biomechanik,
MEM Forschungszentrum, Universität Bern, Stauffacherstr. 78, 3014 Bern,
Schweiz
e-mail: stephen.ferguson@MEMcenter.unibe.ch

Bruno Fuchs

Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: bruno.fuchs@reasearch.balgrist.ch

Dieter Grob

Wirbelsäulenzentrum, Schulthessklinik, Lengghalde 2, 8008 Zürich, Schweiz
e-mail: dieter.grob@kws

Philipp Gruber

Orthopädie, Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
Medizinhistorisches Museum, Universität Zürich, Rämistrasse 69, 8091 Zürich,
Schweiz
e-mail: ph.gruber@bluewin.ch

Mathias Haefeli

Zentrum für Wirbelsäulen- und Rückenmarkchirurgie, Universität Zürich,
Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: mhaefeli@research.balgrist.ch

Daniel Haschtmann

Institut für chirurgische Technologien und Biomechanik,
MEM Forschungszentrum, Universität Bern, Stauffacherstr. 78, 3014 Bern,
Schweiz
e-mail: daniel.haschtmann@MEMcenter.unibe.ch

Paul Heini

Orthopädische Universitätsklinik, Inselspital Bern, 3010 Bern, Schweiz
e-mail: paul.heini@insel.ch

Michael Heinzelmann

Zentrum für Wirbelsäulen- und Rückenmarkchirurgie, Universität Zürich,
Klinik für Unfallchirurgie, Universitätsspital Zürich, Rämistr. 100, 8091 Zürich,
Schweiz
e-mail: michael.heinzelmann@usz.ch

Jürg Hodler

Radiologie, Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: juerg.hodler@balgrist.ch

XXVI List of Contributors



Rudolf Kissling

Rheumatologie, Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: rudolf.kissling@balgrist.ch

Uta Kliesch

Paraplegikerzentrum, Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich,
Schweiz
e-mail: uta.kliesch@balgrist.ch

Dilek Könü-Leblebicioglu

Zentrum für Wirbelsäulen- und Rückenmarkchirurgie, Universität Zürich,
Neurochirurgische Klinik, Universitätsspital Zürich, Frauenklinikstr. 10,
8091 Zürich, Schweiz
e-mail: dilek.koenue@usz.ch

Clayton Kraft

Orthopädie, Universitätsklinikum Düsseldorf, Moorenstr. 5, 40225 Düsseldorf,
Deutschland
e-mail: hemmers@med.uni-duesseldorf.de

Rüdiger Krauspe

Orthopädie, Universitätsklinikum Düsseldorf, Moorenstr. 5, 40225 Düsseldorf,
Deutschland
e-mail: hemmers@med.uni-duesseldorf.de

Martin Krismer

Universitätsklinik für Orthopädie, Anichstr. 35, 6020 Innsbruck, Österreich
e-mail: Martin.Krismer@uibk.ac.at

Heike Künzel

Zentrum für Psychiatrie, Krumenauerstr. 25, 85049 Ingolstadt, Deutschland
e-mail: heike.kuenzel@klinikum-ingolstadt.de

Massimo Leonardi

Zentrum für Wirbelsäulen- und Rückenmarkchirurgie, Universität Zürich,
Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: massimo.leonardi.@balgrist.ch

Thomas Liebscher

Zentrum für Wirbelsäulen- und Rückenmarkchirurgie, Universität Zürich,
Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz

Anne Mannion

Wirbelsäulenzentrum, Schulthessklinik, Lengghalde 2, 808 Zürich, Schweiz
e-mail: afm@kws.ch

Dante Marchesi

Clinique Bois-Cerfs, Avenue d’Ouchy 31, 1006 Lausanne, Schweiz
e-mail: dante.marchesi@hirslanden.ch

Richard Marugg

Zentrum für Wirbelsäulen- und Rückenmarkchirurgie, Universität Zürich,
Neurochirurgische Klinik, Universitätsspital Zürich, Frauenklinikstr. 10,
8091 Zürich, Schweiz
e-mail: richard.marugg@usz.ch

Martin Merkle

Klinik für Neurochirurgie, Universitätsklinikum Tübingen,
Hoppe-Seyler-Strasse 3, 72076 Tübingen, Deutschland

List of Contributors XXVII



Kan Min

Zentrum für Wirbelsäulen- und Rückenmarkchirurgie, Universität Zürich,
Universitätsklinik Balgrist, Forchstr. 340, 808 Zürich, Schweiz
e-mail: kan.min@balgrist.ch

Andreas Nerlich

Pathologisches Institut, Krankenhaus München-Bogenhausen, Englschalkinger
Strasse 77, 81925 München, Deutschland
e-mail: andreas.nerlich@extern.lrz-muenchen.de

Margareta Nordin

Department of Orthopaedic and Environmental Medicine, School of Medicine,
New York University, OIOC, Hospital for Joint Diseases, Mount Sinai NYU,
63 Downing Street, New York, USA
e-mail: margareta.nordin@nyu.edu

Jean Ouellet

Department of Orthopedics, Montreal Children’s Hospital, 2300 Tupper,
C521 Montreal, H3H 1P3, Canada
e-mail: jaouellet@hotmail.com

Günther Paesold

Universitätsklinik Balgrist, Zentrum für Wirbelsäulen- und
Rückenmarkchirurgie, Universität Zürich, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: gpaesold@research.balgrist.ch

Christian Pfirrmann

Radiologie, Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: christian.pfirrmann@balgrist.ch

Albrecht Popp

Poliklinik für Osteoporose, Inselspital, Universität Bern, 3010 Bern, Schweiz

Youri Reiland

Orthopädie, Universitätsklinik Balgrist, Forchstr. 340, 808 Zürich, Schweiz
e-mail: youri.reiland@balgrist.ch

Frank Ruehli

Anatomisches Institut, Universität Zürich, Winterthurerstr. 190, 8057 Zürich,
Schweiz
e-mail: fr@anatom.unizh.ch

Shira Schecter-Weiner

Occupational and Industrial Orthopaedic Center, Hospital for Joint Diseases,
New York University Medical Center, 63 Downing Street, New York, NY 20014,
USA
e-mail: sswpt@aol.com

Dietrich Schlenzka

Orton Orthopaedic Hospital, Invalid Foundation, Tenholantie 10,
00280 Helsinki, Finland
e-mail: dietrich.schlenzka@invalidisaatio.fi

Annina Schmid

Physiotherapie, Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: annina.schmid@balgrist.ch

Marius Schmid

Radiologie, Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: marius.schmid@balgrist.ch

XXVIII List of Contributors



Francis H. Shen

Department of Orthopaedic Surgery, Division of Spine Surgery, University of
Virginia, PO Box 800159, Charlottesville, VA 22908, USA
e-mail: fhs2g@virginia.edu

Atul Sukthankar

Orthopädie, Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: atul.sukthankar@balgrist.ch

Beat Wälchli

Spital Zollikerberg, Aerztezentrum Prisma, Trichtenhauserstr. 12,
8125 Zollikerberg, Schweiz
e-mail: info@beatwaelchli.ch

Guido Wanner

Zentrum für Wirbelsäulen- und Rückenmarkchirurgie, Universität Zürich,
Klinik für Unfallchirurgie, Universitätsspital Zürich, Rämistr. 100, 8091 Zürich,
Schweiz
e-mail: guido.wanner@usz.ch

Sherri Weiser

Department of Orthopaedic and Environmental Medicine, School of Medicine,
New York University, OIOC, Hospital for Joint Diseases, Mount Sinai NYU,
63 Downing Street, New York, NY 10014, USA
e-mail: sherri.weiser@nyu.edu

Clément Werner

Orthopädie, Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: cwerner@gmx.ch

Yasuhiro Yonekawa

Zentrum für Wirbelsäulen- und Rückenmarkchirurgie, Universität Zürich,
Neurochirurgische Klinik, Universitätsspital Zürich, Frauenklinikstr. 10,
8091 Zürich, Schweiz
e-mail: yasuhiro.yonekawa@usz.ch

Patrick Zingg

Orthopädie, Universitätsklinik Balgrist, Forchstr. 340, 8008 Zürich, Schweiz
e-mail: patrick.zingg@balgrist.ch

List of Contributors XXIX



Core messages

highlight the most 

important learning

objectives and guide the 

reader through the chapter. 

Introductory cases introduce the topic by reporting 

typical cases representative of the specific pathology. 

These cases are intended to serve as a stand-alone 

tool in mediating core messages of each chapter. 
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Thoracolumbar Spinal Injuries

Michael Heinzelmann, Guido A. Wanner

Core Messages

✔ Spinal fractures are frequently located at the
thoracolumbar junction for biomechanical rea-
sons

✔ The AO classification has gained widespread
acceptance in Europe for the grading of thora-
columbar fractures: Type A: vertebral compres-
sion fractures; Type B: anterior and posterior
column injuries with distraction; Type C: ante-
rior and posterior element injury with rotation

✔ The initial focus of the physical examination of
a patient with a spinal injury is on the vital and
neurological functions, because effective resus-
citation is critical to the management of poly-
traumatized patients and patients with spinal
cord injury

✔ The imaging modalities of choice are standard
radiographs and CT scans. A CT scan should
routinely be made to visualize bony injury. MRI
is helpful to diagnose discoligamentous injuries
and to identify a possible cord lesion

✔ Primary goals of treatment are prevention and
limitation of neurological injury as well as res-
toration of spinal stability, regardless of
whether operative or non-operative therapy is
chosen

✔ Secondary goals consist of correction of defor-
mities, minimizing the loss of motion, and facili-
tating rapid rehabilitation

✔ Early stabilization and fusion is generally
accepted for patients with unstable fractures
and neurological deficits

✔ The optimal treatment for patients with less
instability, moderate deformity and absence of
neurological compromise is not based on
scientific evidence and remains a matter of
debate.

✔ Good clinical outcome can be achieved with
non-operative as well as operative treatment

Epidemiology

Fractures most frequently

affect the thoracolumbar

junction

Systematic epidemiologic data on traumatic thoracolumbar fractures are rare and
differ depending on the area studied and on the treating center. The studies avail-
able fromwestern countries reveal typical and comparable data on incidence, local-
ization, and mechanisms of injury. Thoracolumbar fractures are more frequent in
men (2/3) than in women (1/3) and peak between the ages of 20 and 40 years [30, 47,
65, 81, 94]. Approximately, 160000 patients/year sustain an injury of the spinal col-
umn in the United States. Themajority of these injuries comprise cervical and lum-
bar (L3–L5) spine fractures. However, between 15% and 20%of traumatic fractures
occur at the thoracolumbar junction (T11–L2), whereas 9–16% occur in the tho-
racic spine (T1–T10) [36, 46]. Hu and coworkers [56] studied the total population of
a Canadian province over a period of 3 years. The incidence of spine injuries was 64/
100000 inhabitants per year, predominantly youngermen and older women. A total
of 2063 patients were registered and 944 patients were treated in hospital: 182
patients (20%)with a cervical spine injury, 286 patients (30%)with a thoracic spine
injury and 403 patients (50%) with an injury of the lumbosacral spine. Traumatic
cross-section spinal cord injury occurred in 40 out of 1 million inhabitants. About
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Case Introduction

This 23-year-old female sustained a motor vehicle accident as an unrestrained passenger. Clinically, she presented with
an incomplete paraplegia (ASIA C) and an incomplete conus-cauda syndrome. The initial CT (a–d) scan demonstrates an
unstable complete burst fracture of L1 (Type A3.3). The 3D reconstruction (a, b) gives a good overview of the degree of
comminution and the deformity; the posterior fragment is best visualized in the lateral 2D reconstruction (c) and the
axial view (d). In an emergency procedure, the myelon was decompressed by laminectomy and the fracture was reduced
and stabilized with an internal fixator (e–h). Interestingly, the prone position alone (e) reduced the fracture to a certain
degree when compared to the CT scan taken with the patient in a supine position. With the internal fixator (RecoFix), the
anatomical height and physiological alignment was restored (f ) and the posterior fragment was partially reduced (g, h).
This indirect reduction of bony fragments, called ligamentotaxis, is possible if the posterior ligaments and the attach-
ment to the anulus fibrosus are intact. We performed a complete clearance of the spinal canal by an anterior approach
5 days later (i–l). In this minimally invasive technique, the spine is approached by a small thoracotomy from the left, the
ruptured disc and bony fragments are removed, and an expandable cage is inserted. One of the first steps in this tech-
nique is the positioning of a K-wire in the upper disc space of the fractured vertebra (i). In this figure, the four retractors
of the Synframe and the endoscopic light source are seen. The final result after 9 months (j–l) demonstrates the cage
(Synex), the physiological alignment without signs of implant failure or kyphosis, a good clearance of the spinal canal
from anterior and the laminectomy from posterior (k), and a bony healing of the local bone transplant of the lateral side
of the cage (l). Fortunately, the patient completely recovered from her neurological deficit (ASIA E).

50–60% of thoracolumbar fractures affect the transition T11–L2, 25–40% the
thoracic spine and 10–14% the lower lumbar spine and sacrum [80, 86].

In a study by Magerl and Engelhardt [81] on 1446 thoracolumbar fractures,
most injuries concerned the first lumbar vertebra, i.e., 28% (n=402), followed by
T12 (17%, n=246) and L2 (14%, n=208). The epidemiologic multicenter study
on fractures of the thoracolumbar transition (T10–L2) by the German Trauma
Society studied 682 patients and revealed 50% (n=336) L1 fractures, 25%

884 Section Fractures

Guided Tour

The aim of this textbook is not to provide the most comprehensive overview of
spinal disorders, but rather to give a thorough grounding in the basic knowledge
and general principles of the subject. The didactic concept of all the chapters of
the book is therefore based on a consistent style and layout, and follows three
basic principles of sustained learning, i.e.:

) less is more
) repetition enhances sustained learning
) case study learning

This didactic concept is enhanced by many learning aids to highlight and repeat
core messages throughout all chapters. The ample use of visual aids mediates the
core messages and allows for a gradual and repetition-based learning approach
starting with the core messages and going on to an in-depth reading of each
chapter. Marginal notes and a short recapitulation facilitate the learning by repe-
tition. A pictorial and anecdotal learning method is enabled by the many case
studies, which exemplify the core messages.
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Marginal notes summarize 

important facts and allow for 

a rapid repetition of learning
objectives.

Figures illustrate and 

exemplify essential 

knowledge and stimulate a 

pictorial learning.

Figures provide a schematic 

illustration of surgical procedures. 
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Figure 5. CT fracture assessment

The axial CT scan reveals: a significant spinal canal compromise by
a retropulsed bony fragment. Note the double contour of the ver-
tebral body indicating a “burst” component. b Sagittal 2D image
reformation demonstrating fracture subluxation. Note the bony
fragment behind the vertebral body which may cause neural
compression when the fracture is reduced. c Severe luxation frac-
ture of the spine. d The 3D CT reformation nicely demonstrates
the rotation component indicating a Type C lesion

radiographs in high-risk trauma patients who require screening. In their pro-
spective series of 222 patients with 63 thoracic and lumbar injuries, the results of
conventional X-ray compared to initial CT scan were as follows: sensitivity 58%
vs. 97%, specificity 93% vs. 99%, positive predictive value 64% vs. 97%, negative
predictive value 92% vs. 99%, respectively.

CT is the imaging study

of choice to demonstrate

bony injuries

The axial view allows an accurate assessment of the comminution of the frac-
ture and dislocation of fragments into the spinal canal (Fig. 5a). Sagittal and
coronal 2D or 3D reconstructions are helpful for determining the fracture pat-
tern (Fig. 5b–d). The canal at the injured segment should be measured in the
anteroposterior and transverse planes and compared with the cephalad and cau-
dal segments.

Magnetic Resonance Imaging

MRI is helpful in ruling out

discoligamentous lesions

In the presence of neurological deficits, MRI is recommended to identify a possi-
ble cord lesion or a cord compression that may be due to disc or fracture frag-
ments or to an epidural hematoma (Fig. 6a). In the absence of neurological defi-
cits, MRI of the thoracolumbar area is usually not necessary in the acute phase.
However, MRI can be helpful in determining the integrity of the posterior liga-
mentous structures and thereby differentiate between a Type A and an unstable
Type B lesion. For this purpose a fluid sensitive sequence (e.g., STIR) is fre-
quently used to determine edema (Fig. 6b).
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Figure 8. Surgical technique of two-level fracture reduction and stabilization

The technique demonstrates the use of the Fracture Module of Universal Spine System (Synthes) but the general princi-
ples similarly apply to other fracture systems. a Schanz screws are inserted in the pedicles of the vertebral bodies superior
and inferior to the fracture. b Screw clamps connected with the rods are mounted and fixed (arrow). c The fracture can be
reduced by lordosing both screwdrivers. However, it is often better to first tighten the two lower screws and reduce the
fracture simultaneously by lordosing the cranial screw bilaterally with the help of the screwdriver. d If this reduction
maneuver does not suffice to restore vertebral height, a temporary C-clamp can be mounted and the fracture distracted
after loosening the upper screws. Care must be taken not to overdistract the fracture because of the inherent neurologi-
cal risks. Finally, the Schanz screws are cut with a special screwcutter (not shown). Dependent on canal clearance and
anterior vertebral column restoration, an additional anterior approach can be added (preferably in a second stage)

breakage or loosening. These results indicate the need for an adequate anterior
column support and an optimal anterior-posterior column load sharing environ-
ment.

Transpedicular cancellous

bone grafting is insufficient

to stabilize the anterior

column

If no anterior stabilization is planned, a posterolateral fusion [78, 88] is man-
datory. In addition, transpedicular bone grafting in the disrupted disc space has
been a treatment option [26, 78, 90]. However, transpedicular bone grafting
could not prevent kyphosis after dorsal removal on implants [1, 68, 108]. Knop
et al. [68] studied 56 patients after implant removal and concluded that, because
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Table 9. Operative vs. non-operative treatment

Authors Cases Study
design

Fracture
type
(numbers)

Type of
treatment

Neuro-
logical
deficit

Follow-up
(months)

Outcome Conclusion

Burke
and
Murray
(1976)
[17]

115
(140)

retro-
spec-
tive

flexion/rota-
tion (80)

compression
fractures
(27)

pure liga-
mentous
injuries (3)

hyperexten-
sion (2)

other (3)

89 non-opera-
tive (postural
reduction)

26 operative
(posterior
stabilization
± laminec-
tomy)

62% N/A conservative:
secondary spinal fusion
n=3
severe chronic pain: 2

neurological improve-
ment 35%

operative:
severe chronic pain n=8
Neurological improve-
ment 38%

the indication for early
surgery might be still
further restricted.

Recht-
ine
et al.
(1999)
[93]

235 chart
review
for
compli-
cations

unstable
thoracolum-
bar fractures

117 operative
118 non-opera-
tive 6 weeks
bed rest)

N/A comparable rates of
decubitus, deep
venous thrombosis,
pulmonary emboli,
and mortality
between both groups

8% deep wound infec-
tions after operative
treatment

shorter hospital stay
after operative treat-
ment

both treatment modali-
ties are viable alter-
natives

Shen
et al.
(2001)
[105]

80 pro-
spec-
tive

single-level
burst frac-
tures T11–
L2, no frac-
ture disloca-
tions or ped-
icle fractures

47 non-opera-
tive:
using a hyper-

extension
brace

33 operative:
posterior fixa-
tion

none 288 less pain in the surgical
group after 3 and
months. Complica-
tions after surgery:
1 superficial infection
and 2 broken screws

hospital charges were
4 times higher in the
operative group

posterior fixation pro-
vides partial kyphosis
correction and earlier
pain relief. Functional
outcome at 2 years is
similar

Wood
et al.
(2003)
[121]

47 pro-
spec-
tive,
ran-
domi-
zed

single thora-
columbar
burst
fractures
(T10–L2)

24 operative:
posterior or

anterior
instru-
mented
fusion

23 non-opera-
tive:

body cast or
orthosis

none 44 no difference between
groups was found in
terms of pain, and return
to work. Non-operatively
treated patients
reported less disability

no long-term advan-
tage for operative treat-
ment of burst fractures
compared with non-
operative treatment

retention in a cast according to Böhler’s principles was performed. A reposition-
ing was possible in 90%; however, only 50% could be maintained over the treat-
ment period, 20% returned to the initial kyphotic level and 5% had a worse
result.

Reinhold et al. [95] reviewed 43 patients 16.3 years after thoracolumbar frac-
ture and non-operative therapy. On average, patients showed a radiologic
increase in the kyphosis angle of 5.2° compared to the time of injury. No differ-
ence was noted between early functional therapy and treatment with closed
reduction and immobilization by cast. Results of validated psychometric ques-
tionnaires such as SF-36 and VAS showed the characteristic pattern of a popula-
tion with chronic back pain. The authors conclude that a radiologic increase in
the traumatic kyphotic deformity in patients with a non-operative treatment
protocol has to be expected and that measurable negative physical and social
long-term consequences can be anticipated after sustaining a Type A fracture of
thoracolumbar vertebral bodies. However, no correlation between radiologic
and functional results was observed.
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Tables

Table 4. Frequency of neurological deficits

Types and groups Number of injuries Neurological deficit (%)

Type A 890 14
A1 501 2
A2 45 4
A3 344 32

Type B 145 32
B1 61 30
B2 82 33
B3 2 50

Type C 177 55
C1 99 53
C2 62 60
C3 16 50

Total 1212 22

Based on an analysis of 1212 cases (Magerl et al. [80])

Clinical Presentation

The clinical assessment of patients with a putative trauma to the spine has three
major objectives, i.e., to identify:

) the spinal injury
) neurological deficits
) concomitant non-spinal injuries

Spinal Injuries

About 30% of

polytraumatized patients

have a spinal injury

It is obvious that the management and the priorities differ between a life-threat-
ening polytrauma that includes a spinal injury and amonotrauma of the spine. In
the case of a polytrauma, about one-fourth to one-third of patients have a spinal
injury [120]. In our institution, we found spinal injuries in 22% of polytrauma-
tized patients. In a series of 147 consecutive patients withmultiple trauma, Dai et
al. [24] found a delayed diagnosis of thoracolumbar fractures in 19%, confirming
an earlier study by Anderson et al. [5], in which 23% of patients with major tho-
racolumbar fractures were diagnosed after the patient had left the emergency
department. A delay in the diagnosis of thoracolumbar fractures is frequently
associated with an unstable patient condition that necessitates higher-priority
procedures than thoracolumbar spine radiographs in the emergency depart-
ment. However, with the routine use ofmulti-slice computed tomography (CT) in

Polytraumatized patients

should be screened

for spinal fracture by CT

polytraumatized patients, the diagnostic work-up is usually adequate [57, 106]
and delayed diagnosis of spine fractures should become rare. Multiple burst frac-
tures occur in approximately 10–34% [10, 11, 53].

Neurological Deficit

Sacral sparing indicates

an incomplete lesion

with a better prognosis

An accurate and well-documented neurological examination is of great impor-
tance.With an inaccurate or incomplete examination and a subsequent variation of
the patient’s neurological deficit, it will be unclear if the situation has changed or if
the initial assessment was simply inappropriate. In the case of a progressive neuro-
logical deficit, this may hinder urgent further management, i.e., the need for a sur-
gical intervention with spinal decompression. Neurological assessment is usually
done according to the guidelines of the American Spinal Injury Association (see
Chapter 11 ). Importantly, the examination has to include the “search for a sacral
sparing” which will determine the completeness of the deficit and the prognosis.
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Case Study 3

This 48-year-old female fell from a horse and presented with an incomplete burst fracture of L2 (Type A3.1) without
neurological deficits (ASIA E). The MRI scan (a, b) was performed to evaluate the integrity of the dorsal elements. The
coronal view (a) shows the T1 sequence and demonstrates a cranial fracture of L2 and a rupture of the disc L1/L2. The
STIR sequence (b), which is very sensitive to edema, confirms the fracture of the vertebral body but does not show any
evidence of a posterior injury. This allows the distinction between a Type A injury and an unstable Type B injury and
helped us to choose the operative approach. We performed a monosegmental anterior stabilization with an expand-
able cage (Stryker) and an angular stable implant (MACS), which was especially designed for the thoracoscopic tech-
nique (c, d). After a small diaphragmatic split, one of the first steps is the positioning of a K-wire just above the endplate
of L2 (c); in this figure, the retractor (left), the suctioning device (middle) and the aiming device for the K-wire (right) can
be distinguished. The polyaxial screws are inserted under fluoroscopic control, the ruptured disc and the cranial part of
the fractured vertebral body are removed, and the cage is inserted (d). The postoperative control radiographs (e–g)
demonstrate a correct positioning of the screws in the anteroposterior view (e) and lateral view (f ); in addition, the local
bone transplant on the right side of the cage is seen in e. The conventional X-rays (g, h) demonstrate a physiologic align-
ment and a correct positioning of the implants.

Minimally invasive anterior

access technologies offer

perioperative advantages

Thoracoscopic spinal surgery is another technique that reduces the morbidity of
extensive surgical approaches while it still achieves the primary goals of spinal
decompression, reconstruction, and stabilization. Since the development of spe-
cially designed instruments and implants, the “pure” thoracoscopic operation
technique has become possible and feasible. Through the transdiaphragmatic
approach it was also possible to open up the thoracolumbar junction, including
the retroperitoneal segments of the spine, to the endoscopic technique. In an
early series, Bühren et al. [19] analyzed 38 patients. The authors conclude that,
compared to the open method, minimally invasive surgery had the benefit of
reducing postoperative pain, shortening hospitalization, leading to early recov-
ery of function and reducing the morbidity of the operative approach. These
findings have been confirmed in later reports [8, 9, 62]. The rate of severe compli-
cations was low (1.3%), with one case each of aortic injury, splenic contusion,
neurological deterioration, cerebrospinal fluid leak, and severe wound infection
[62]. Overall, the complication rate was not increased when compared to the
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Recapitulation

Epidemiology. About 60% of thoracic and lumbar
spine fractures are located at the transition T11–L2,
30% in the thoracic spine and 10% in the lower
lumbar spine. Spinal cord injury occurs in about
10–30% of traumatic spinal fractures.

Pathogenesis. The most relevant forces that pro-
duce structural damage to the spine are axial com-
pression, flexion/distraction, hyperextension, rota-
tion, and shear. Axial load may result in a burst frac-
ture; the posterior elements are usually intact. In
flexion/distraction injuries, the posterior ligamen-
tous and osseous elements fail in tension; a wedge
compression fracture of the vertebral body is often
associated. Hyperextension may result in rupture
of the anterior ligament and the disc as well as in
compression injuries of the posterior elements, i.e.,
fracture of the facets, the laminae, or the spinous
processes. Rotational injuries combine compres-
sive forces and flexion/distraction mechanisms and
are highly unstable injuries. Shear forces produce
severe ligamentous disruption and usually result in
complete spinal cord injury.

Clinical presentation. In the case of a polytrauma,
about 30% of the patients have a spinal injury. The
neurological examination has to include the
“search for a sacral sparing” which determines the
completeness of the deficit and the prognosis.
About one-third of all spinal injuries have concomi-

tant injuries; the most frequent are: head injuries,
chest injuries and long bone injuries. The history
should include the type of trauma (high vs. low en-
ergy injuries) and the time course of a possible neu-
rological deficit. The initial focus of the physical ex-
amination is on the assessment of vital functions

and neurological deficits. Because the spinal cord
usually terminates at the level of L1, injuries to the
thoracolumbar junction may result in various neu-
rological symptoms: e.g., complete/incomplete
paraplegia (distal spinal cord), malfunction of the
vegetative system (conus medullaris), or cauda
equina syndrome.

Diagnostic work-up. Static imaging studies are
“snapshots in time” and do not reveal the real de-
gree of spinal canal compromise that may have
happened during the injury. A posterior cortical dis-
ruption seen in the lateral view or an interpedicular
widening seen in the anteroposterior view sug-
gests a burst fracture that should be further ana-

lyzed by CT scan. CT is the imaging study of choice

to demonstrate bony destruction. MRI is recom-
mended to identify a possible cord lesion or a cord
compression in patients with neurological deficits.
MRI can be helpful in determining the integrity of the
posterior ligamentous structures and thereby in dif-

ferentiating between a Type A and a Type B lesion.

Non-operative treatment. Management of thora-
columbar and sacral spinal fractures remains a con-
troversial area in modern spinal surgery. The litera-
ture demonstrates a wide range of conflicting re-
sults and recommendations. Unfortunately, the
vast majority of clinical studies can be criticized be-
cause of their retrospective design, heteroge-
neous patient populations and treatment strate-
gies, limited follow-up, and poorly defined out-
come measures.
The main advantage of non-operative treatment
of thoracolumbar fracture is the avoidance of sur-
gery-related complications. According to Böhler,
the time of immobilization in a cast is usually
3–5 months depending on the fracture type. Im-
portantly, skillful physical therapy is paramount to
achieve good results. Because thoracolumbar frac-
tures are bound to return to the initial deformity,
functional bracing without repositioning is an alter-
native to Böhler’s concept of repositioning and sta-
bilization with a cast if the initial deformity is ac-
ceptable. Many studies were not able to prove a
substantial difference in functional outcome be-
tween the operative and non-operative treatment,
regardless of the neurological injury.

Operative treatment. There is a general trend to-
wards operative treatment of unstable fractures
mostly because surgical stabilizing procedures re-
sult in early mobilization, diminished pain, facilitat-
ed nursing care, earlier return to work, and avoid-
ance of late neurological complications. In experi-
mental animal models, persistent compression of
the spinal cord is potentially reversible from a sec-
ondary injury by early decompression. Most investi-
gators recommend a surgical decompression in
the setting of major neurological deficit, progres-
sive neurological loss, and substantial compromise
of the spinal canal. Currently, there are no gold

standards regarding the role and timing of de-

compression in acute spinal cord injury. Posterior
bisegmental reduction and stabilization is the
“working horse” of the posterior approach tech-
nique that allows for fracture reduction and stable
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fixation. Depending on the persistence of spinal
canal compromise or comminution of the fractured
vertebral body, an additional anterior approach is
needed. Transpedicular cancellous bone grafting
for interbody fusion after posterior stabilization is
not recommended in complete or incomplete burst
fractures. Only incomplete Type A burst fractures
with intact pedicles and a lower endplate should be
considered for posterior monosegmental reduc-

tion and stabilization. Compared to the open
method, minimally invasive surgery reduces post-
operative pain, shortens hospitalization, leads to
early recovery of function and reduces morbidity of

the operative approach. A combined posterior and

anterior approach is used to reduce and stabilize
severely comminuted vertebral body fractures and
to decompress the spinal canal. In Type C lesions

often multisegmental instrumentation is needed
to reliably stabilize the spine.

Complications. The reported complication rate in
the literature varies largely and ranges from 3.6% to
10%. Postoperative neurological complications
range from 0.1% to 0.7%. Only honest and accurate
assessment of complications will lead to scientific
and clinical progress.

Key Articles

Böhler L (1951) Die Technik der Knochenbruchbehandlung. Maudrich, Vienna
Lorenz Böhler was one of the first to advocate a conservative treatment with fracture
reduction and retention in a cast.

Roaf R (1960) A study of the mechanics of spinal injuries. J Bone Joint Surg Br
42B:810–23
In this article Roaf studies the biomechanics of spinal injuries and describes the results of
studies of spinal units when subjected to forces of different magnitude and direction, i.e.,
compression, flexion, extension, lateral flexion, rotation, and horizontal shear.

Denis F (1983) The three column spine and its significance in the classification of acute
thoraco-lumbar spinal injuries. Spine 8:817–31
This article is a presentation of the concept of the three-column spine. The concept
evolved from a retrospective review of 412 thoracolumbar spine injuries and observa-
tions on spinal instability. The posterior column consists of what Holdsworth described
as the posterior ligamentous complex. Themiddle column includes the posterior longitu-
dinal ligament, posterior anulus fibrosus, and posterior wall of the vertebral body. The
anterior column consists of the anterior vertebral body, anterior anulus fibrosus, and
anterior longitudinal ligament.

Dick W (1987) The “fixateur interne” as a versatile implant for spine surgery. Spine
12:882–900
This article introduced a new angle-stable fixation device which first allowed a short seg-
mental reduction and fixation of fractures.

Magerl F, Aebi M, Gertzbein SD, Harms J, Nazarian S (1994) A comprehensive classifica-
tion of thoracic and lumbar injuries. Eur Spine J 3:184–201
This article describes a classification of thoracic and lumbar injuries. As a result of more
than a decade of consideration of the subjectmatter and a review of 1445 consecutive tho-
racolumbar injuries, a comprehensive classification of thoracic and lumbar injuries is
proposed. The classification is primarily based on pathomorphological criteria. Three
mechanisms classify the injury pattern according to the AO classification: axial compres-
sion (Type A), flexion distraction (Type B) and rotational/shear injuries (Type C).

Kaneda K, Taneichi H, Abumi K, Hashimoto T, Satoh S, Fujiya M (1997) Anterior decom-
pression and stabilization with the Kaneda device for thoracolumbar burst fractures
associated with neurological deficits. J Bone Joint Surg Am 79:69–83
One hundred and fifty consecutive patients who had a burst fracture of the thoracolum-
bar spine and associated neurological deficits were managed with a single-stage anterior
spinal decompression, strut-grafting, and Kaneda spinal instrumentation. The authors
conclude that anterior decompression, strut-grafting, and fixation with the Kaneda
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device in patients who had a burst fracture of the thoracolumbar spine and associated
neurological deficits yielded good radiographic and functional results. This article estab-
lished the single stage anterior approach for this fracture type.

Knop C, Blauth M, Bühren V, Hax PM, Kinzl L, Mutschler W, Pommer A, Ulrich C, Wag-
ner S, Weckbach A, Wentzensen A, Wörsdörfer O (1999) Surgical treatment of injuries of
the thoracolumbar transition. 1: Epidemiology. Unfallchirurg 102:924–35

Knop C, Blauth M, Bühren V, Hax PM, Kinzl L, Mutschler W, Pommer A, Ulrich C, Wag-
ner S, Weckbach A, Wentzensen A, Wörsdörfer O (2000) Surgical treatment of injuries of
the thoracolumbar transition. 2: Operation and roentgenologic findings. Unfallchirurg
103:1032–47

Knop C, Blauth M, Bühren V, Arand M, Egbers HJ, Hax PM, Nothwang J, Oestern HJ,
Pizanis A, Roth R, Weckbach A, Wentzensen A (2001) Surgical treatment of injuries of
the thoracolumbar transition – 3: Follow-up examination. Results of a prospective mul-
ti-center study by the “Spinal” Study Group of the German Society of Trauma Surgery.
Unfallchirurg 104:583–600
These three reports summarize the experience based on 682 patients included in a pro-
spective multicenter study by the “Spinal” Study Group of the German Society of Trauma
Surgery. All treatment methods under study were appropriate for achieving comparable
clinical and functional outcome. The internal fixator was found superior in restoration of
the spinal alignment. Best radiological outcomes were achieved by combined stabiliza-
tion. Merely by direct reconstruction of the anterior column the postoperative re-kypho-
sing is prevented and a gain in segmental angle is achieved. However, this benefit was not
reflected in the clinical outcome.

Fehlings MG, Perrin RG (2005) The role and timing of early decompression for cervical
spinal cord injury: Update with a review of recent clinical evidence. Injury S-B13–S-B26
Evidence-based recommendations regarding spinal cord decompression in patients with
acute spinal cord injury.

Beisse R (2006) Endoscopic surgery on the thoracolumbar junction of the spine. Eur
Spine J 15:687–704
This article summarizes the technique and results based on a large patient group from a
German trauma center: A now standardized operating technique, instruments and
implants specially developed for the endoscopic procedure, from angle stable plate and
screw implants to endoscopically implantable vertebral body replacements, have gradu-
ally opened up the entire spectrum of anterior spine surgery to endoscopic techniques.
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History of Spinal Disorders

Philipp Gruber, Thomas Boeni

Core Messages

✔ Paleopathological investigators have found
clear evidence of spinal disorders in prehistoric
times

✔ Full and accurate descriptions of spinal disor-
ders and various treatment attempts survive
from antiquity

✔ At the end of antiquity (7th century A.D.), Paulus
of Aegina (625 –690 A.D.) performed the first
successful laminectomies

✔ During the whole of the Middle Ages, there was
little progress in the diagnosis and treatment of
spinal disorders

✔ At the end of the 18th century and the begin-
ning of the 19th century, the first advanced
attempts at spinal surgery were performed in
Europe

✔ At the end of the 19th century, with the new
techniques of anesthesia, radiology and aseptic
surgery, more sophisticated and even more
successful spinal surgery became possible

✔ In the middle of the 20th century, low back
pain disability became an increasing socioeco-
nomic problem

✔ In the 1970s and 1980s, powerful imaging sys-
tems (CT/MRI) improved the diagnosis for spi-
nal disorders but also led to some overdiagno-
sis of spinal disorders

✔ In the 1980s and 1990s, spinal instrumentation
became widely available and enabled even
complex spinal disorders to be tackled

✔ During the 20th century, the focus on spinal
disorders dramatically changed: at the begin-
ning of the 20th century spinal disorders were
predominantly caused by infectious diseases;
nowadays the focus is more on degenerative
spinal disorders

✔ At the beginning of the 21st century, spinal sur-
gery has become more evidence based, but it is
still technology driven in many areas

A Brief Etymology

Nicholas Andry coined the

word “orthopaedic” in 1741

The French pediatrician Nicholas Andry (1658–1742), considered the father of
orthopedics, coined the word “orthopaedic”, which is made up of two Greek
words, “orthos”, meaning straight, and “paidion”, meaning child (Fig. 1a) [3]. The
term “orthopaedic” was used for the first time in the epoch-making textbook of
Andry published in 1741.

Andreas Vesalius coined

the word “vertebra”

The origin of the word spine derives from the Latin word “spina” meaning
“backbone”. The word vertebra, first found in the medical texts of Celsus (34 B.C.–
14 A.D.), a Roman encyclopedist, derives from the Latin word “vertebra”, which is
related to the Latin verb “vertere” meaning “to turn”. The great anatomist
Andreas Vesalius (1514–1564) finally introduced the word “vertebra” as an ana-
tomical term [116].

The Greek word “scoliosis”

means curvature

The term scoliosis is derived from the Greek word “scolios” meaning “curva-
ture” and was coined by the Greek physician Galen of Pergamon (130–200 A.D.)
(Fig. 1b) [36]. Nowadays, it is used to describe a specific clinical condition con-
sisting of lateral deviations of the spine associated with vertebral rotation.
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Historical Case Introduction

This papyrus shows Column X of the Edwin Smith Surgical Papyrus, written in hieratic script, which encompasses a
description of a spinal injury. The Edwin Smith Surgical Papyrus dates back to 1550 – 1500 B.C. and is therefore the oldest
known written evidence of spinal injuries [10]. This medical papyrus is an outstanding witness of a very accurate and
rational medicine in Old Egypt foremost in traumatology. The papyrus reveals an astonishing knowledge of human anat-
omy at the Pharaonic time in Egypt:
Case 29: Instruction concerning a gaping wound of vertebra of his neck
Examination: If thou examinest a man having a gaping wound in a vertebra of his neck, penetrating to the bone, (and)

perforating a vertebra of his neck; if thou examinest that wound, (and) he shudders exceedingly, (and) he
is unable to look at his two shoulders and his breast.

Diagnosis: Thou shouldst say concerning him: (One having) a wound in his neck, penetrating to the bone perforating
a vertebra of his neck, (and) he suffers with stiffness in his neck. An ailment with which I will contend.

Treatment: Thou shouldst bind the fresh meat the first day. Now afterward moor (him) at his mooring stakes until the
period of his injuries passes by.

Translation by the famous American Egyptologist J.H. Breasted (1930).
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Figure 1. The roots

a This drawing of scoliosis therapy in Nicholas Andry’s (1658 – 1742)
epoch-making textbook L’Orthopédie (1742) serves as a general symbol
of orthopedics. b Galen of Pergamon (130 – 200 A.D.).

The Greek word “kyphos”

means “hunchback”

Kyphosis is also derived from the Greek word “kyphos” meaning “hunchback” or
“bent”. Galen of Pergamon [36] first coined this term in medical language. The
term lordosis belongs also to the Greek word family and is derived from the
Greek word “lordos” standing for “forward curving”. Galen of Pergamon first
used the word “lordosis” as a medical term [36]. Sciatica is of Greek origin and is
derived from the word “ishion” standing for hip, buttocks, sacrum, loin and also
upper limb. Since the time of Hippocrates of Cos (460–370 B.C.), this term has
related to pain syndrome of the lower back and the upper parts of the lower limbs
[57].

The Greek word “olisthesis”

means “forward gliding”

The term spondylolisthesis is originally derived from two Greek words,
“spondylos” for spine and “(o)listhesis” for forward gliding. Therefore, it means
the “(forward) slipping of the spine”. In 1854, Herman Friedrich Kilian
(1800–1863) coined the term “spondylolisthesis” [64].

Spondylophyte is composed of two Greek words, “spondylos”, standing for
spine, and “phytein”, a Greek verb meaning “to grow”. The whole term means
“spinal outgrowth”. The term “isthmic” frequently used in spinal surgery is
derived from the Greek word “isthmos”, which means in its natural sense “isth-
mus” and also “strait or narrow” [59].
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Spinal Anatomy and Physiology

Herophilus and later Galen

studied spinal anatomy

Successful modern spine surgery only became possible because of the large body
of knowledge of anatomy and physiology which had been acquired. The first
steps were already taken in antiquity: Herophilus of Chalcedon (circa 300 B.C.),
known as the father of anatomy, and later Galen of Pergamon (130–200 A.D.)
made the first observations on the nervous system and the spine. Galen identified
the number of vertebrae in each segment of the spinal column, and described the
ligamentum flavum as a ligamentous structure distinct from the underlying dura
and pia mater. He was also able to correlate neurological findings with a specific
spinal level, because he performed frequent experiments on primates.

a

b

Figure 2. Spinal anatomy and physiology

a Leonardo da Vinci (1452 – 1519). b This sketch drawn by Leonardo da Vinci is the first correct depiction of the human
spine.
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c d

Figure 2. (Cont.)

c Andreas Vesalius (1514 – 1564). d Josias Weitbrecht’s (1702 – 1747) Syndesmologia (1742) precisely described the spinal
ligaments.

During the Middle Ages, no progress was made in the understanding of spinal
anatomy.

Leonardo da Vinci’s drawings

are the first to show the

spinal anatomy

In the Renaissance, Leonardo da Vinci (1453–1519) was probably the first to
accurately describe the spine with the correct curvatures, articulations and num-
ber of vertebrae (Fig. 2a, b). Sadly, he never published his anatomical drawings
and therefore his anatomical discoveries remained unknown for centuries.

Andreas Vesalius

(1514 – 1564) is the founder

of modern spinal anatomy

Andreas Vesalius (1514–1564) broke with the Galenic anatomy and presented
the most integrated and accurate anatomy (Fig. 2c). He is therefore credited with
describing the spinal anatomy in a modern sense [116]. By publishing the cut-
ting-edge anatomical textbook De Humani Corporis Fabrica Libri Septi, Vesalius
became the founder of modern spinal anatomy in 1543.

Blasius wrote the first

significant work on spinal

cord anatomy

The Dutch anatomist Gerard Blasius (1625–1692) wrote the first significant
work on spinal cord anatomy. In his text On the Anatomy of the Spinal Nerves
(Anatome Medullae Spinalis et Nervorum indeprovenientium) (1666), Blasius was
the first to provide a demonstration of the origin of the spinal nerve roots and a
differentiation between the gray matter of the spinal cord [6].

Borelli first recognized the

viscoelastic intervertebral

disc behavior

In De Motu Animalium (On the Movement of Animals) written by Giovanni
Alfonso Borelli (1608–1680), a professor of mathematics and the father of bio-
mechanics, the intervertebral disc was described for the first time as exhibiting
viscoelastic properties (published posthumously in 1688) [8].

The German physician and anatomist Albrecht von Haller (1708–1777)
worked in Berne, and is credited as the founder of modern physiology. He illus-
trated the blood supply of the spinal cord with an accuracy that is still unsur-
passed.

Cotugno first described

the cerebrospinal fluid

The Italian physician Domenico Felice Antonio Cotugno (1736–1822), a pro-
fessor of medicine at the University of Naples, was the first to fully describe the
cerebrospinal fluid and its circulation in his epoch-making Commentary on Ner-
vous Sciatica in 1764 [21].
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At the same time in 1742, the German anatomist Josias Weitbrecht (1702–1747)
published his monumental work on human ligaments, Syndesmologia Sive Histo-
ria Ligamentorum Corporis Humani, which for the first time also gave a concise
and accurate description of the spinal ligaments (Fig. 2d) [121]. Weitbrecht is also
credited with providing a very concise description of the intervertebral disc for
his time.

“Centers of feeling” were

thought to be located

in the spinal cord

At the beginning of the 19th century, it was still believed that some parts of the
spinal cord contained the “centers of feeling”. Furthermore it was believed that
the spinal cord consisted of bundles of nerve fibers grouped into columns. After
the microscope entered clinical and pathological practice, the cellular contents of
the gray matter were identified, and since then there have been steady advances
in our understanding of the spinal cord.

Anesthesia and Supportive Techniques

An invasive and effective spinal surgery would not have been possible without
major advances in anesthesia and supportive techniques such as antisepsis, anti-
biotics and diagnostic imaging.

Laughing Gas, Chloroform and Cocaine

Wells first narcotized

patients with laughing gas

In 1799, the English chemist Sir Humphrey Davy (1778–1829), a former scholar
of Joseph Priestley, discovered that pure nitrous oxide was respirable. He tried
the effect of this substance first on himself and recommended that nitrous oxide
(“laughing gas”) could be useful for narcotizing patients during operations. In
1844, it was the American dentist Horace Wells (1815–1848) who tried extracting
teeth by narcotizing patients with laughing gas.

Morton popularized

narcotics for surgery

William Thomas Green Morton (1819–1868), a former colleague of Horace
Wells, made the use of narcotics for surgery popular. On 16 October 1846, Morton
presented his narcotizing method to the public in the operating theater of the
Massachusetts General Hospital in Boston (Fig. 3a).

Bier first performed

lumbar anesthesia

Further improvements were made by Sir James Simpson, an English gynecolo-
gist and obstetrician, who introduced chloroform as a narcotizing agent after a
large series of heroic self-experiments. In 1884, the Austrian ophthalmologist
Karl Koller (1875–1944) first used cocaine for narcotizing mucous membranes.
In 1885, the young American surgeon William S. Halstead (1852–1922), who was
enthusiastic about the effect of cocaine and also addicted to it, developed the first
intravenous anesthesia block with cocaine. The world’s first lumbar anesthesia
using cocaine as agent was performed in 1898 by the German surgeon August
Bier (1861–1949). He was inspired by the lumbar puncture technique introduced
by the German physician Heinrich Quincke (1842–1922) 7 years earlier [5]. In
1894, the famous neurosurgeon Harvey Cushing (1869–1939) introduced the
narcotic protocol for better surveillance of patients during the narcotizing proce-
dure.

Antisepsis and Antibiotics

Infections were thought to

be a divine punishment

For a long period of history, infections were thought to be a divine punishment.
It was a contemporary of Cesar, Marcus Terentius Varro (116–27 B.C.), who
assumed in his work on rural labor Rerum Rusticarum that infections are caused
by very small animals, which he called “contagiatum animatum” (infectious
animals). In 1546, the Italian Renaissance physician Girolamo Fracastoro
(1478–1553), who coined the name “syphilis”, postulated in his famous work
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b c

Figure 3. Anesthesia and supportive techniques

a Public demonstration of a narcotization by William Thomas Green Morton (1819 – 1868), Massachusetts General Hospi-
tal, Boston (16 October 1846). b Joseph Lister (1827 – 1912). c William Conrad Roentgen (1845 – 1923).

Koch discovered that

Mycobacterium is

responsible for tuberculosis

On Infection, Infectious Diseases and Their Cure (De Contagiosis Morbis Eorum-
que Curatione) that infections are not only transmitted by air but also by human
contact. The Dutchman Antony van Leeuwenhoek (1632–1724) gave the first evi-
dence of microbes in his work on the microscope. Finally, it was the German phy-
sician and bacteriologist Robert Koch (1843–1910) who showed that specific
germs are responsible for specific infections, for example, Mycobacterium for
tuberculosis or anthrax bacillus for anthrax disease.

Lister first introduced

aseptic surgery

The famous English surgeon Joseph Lister (1827–1912), who was the son-in-
law of James Syme (1799–1870), famous for his ankle amputation, introduced
aseptic surgery in 1866 (Fig. 3b) [70, 71]. Based on studies of the French microbi-
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ologist Louis Pasteur (1822–1895), he believed that infections were transmitted
by air. Therefore, he proposed irrigation and disinfection of the operation field
by using a weak solution of carbolic acid [71]. He called his procedure “carboliza-
tion”.

The first steam sterilizer

was installed in 1882

In 1882, the German surgeon Friedrich Trendelenburg (1844–1924) was
inspired by the discovery of Robert Koch, that carbol acid is not able to kill germs
in contrast to steamed air. Therefore, he installed the world’s first steam sterilizer
in his clinic in Bonn. Finally, it was the German physician Curt Schimmelbusch
(1860–1895) who improved the technique of sterilization and popularized it.

Halstead introduced

rubber gloves

Fleming discovered

penicillin

A further great step towards aseptic surgery was made by William S. Halstead
(1852–1922) working as professor of surgery at Johns Hopkins University. In
1880, he introduced rubber gloves because his fiancée, who was working as an
operating nurse at the same hospital, had developed a severe skin irritation due
to exposure to mercury solution. The Scottish bacteriologist Alexander Fleming
(1881–1955) accidently discovered that the mold Penicillium notatum had a bac-
teria-toxic effect on Staphylococcus cultures. After several experiments he was
able to extract a liquid substance, which he called penicillin, because of the name
of the mold, Penicillium notatum, and he published his results in 1929.

However, there was no initial response to his report. It was only in the late
1930s that the pathologist Howard Floery (1898–1968) and the biochemist Ernst
Chain (1906–1979) repeated and confirmed Fleming’s work while searching for
effective antagonists against microorganisms. In 1945, Fleming, Florey and
Chain received the Nobel Prize for their work.

Diagnostic Imaging

Roentgen accidentally

discovered X-rays in 1895

Without the appropriate imaging modalities, the development of a comprehen-
sive treatment regime for spinal disorders would not have been possible. In 1895,
the physicist William Conrad Roentgen (1845–1923) accidently discovered the
relevance of X-rays for medical imaging while he was performing experiments
on a cathode beamer (Fig. 3c). In 1896, he published his discovery and X-rays
became immediately popular [99]. He was honored by the Nobel Prize in 1901.
The famous American neurosurgeon Walter E. Dandy (1886–1946) introduced
air myelography for spinal imaging in 1918 [24].

The first brain CT scan

became possible in 1971

A revolutionary step forward in diagnostic assessment of spinal disorders was
the introduction of computed tomography (CT) in the early 1970s. This imaging
device was a step-by-step development. Three individuals contributed to this
landmark invention, i.e. the English engineer Godfrey N. Hounsfield, the Ameri-
can physicist Allan M. Cormack and the American neurologist William Olden-
dorf. Oldendorf first suggested that by means of CT brain tumors can be diag-
nosed. The first brain image of a patient with a brain cyst was made in 1971. In
1974, the American Raymond Damadian (1936–) patented an imaging device

The first brain MR image

became possible in 1979

using principles of the nuclear magnetic resonance phenomenon, first described
by the Swiss physicist and Nobel Prize winner Felix Bloch (1905–1983) in 1952.
The first brain scan by MR imaging became possible in 1979.

Scoliosis

Since the beginning of written history, scoliosis has been a major concern in
medical texts. The clinical image of scoliosis very much impressed ancient physi-
cians and treatment remained poor for centuries. Even today, treatment is unsat-
isfactory since correction of scoliosis is not possible without spinal fusion.

8 Section History of Spinal Disorders



Pathogenesis

During antiquity and the Middle Ages, the pathogenesis of scoliosis was not clear
Spinal deformities were

called “spina luxata”

without distinction between

scoliosis and kyphosis

and it has still not been unraveled today. It was often supposed that the spinal
deformities were caused by luxation of spinal elements. Therefore, spinal defor-
mities were called “spina luxata”. No distinctions were made between scoliosis,
kyphosis, and a gibbus. Treatment regimes did not differentiate between these
entities. The first picture of a scoliotic spine (Fig. 4a) appeared in the important
surgical textbook of the German surgeon Guilhelmus Fabricius Hildanus
(1560–1634) in 1646 [56].

It was the Frenchman Jean Méry (1645–1722) who first suggested that both
lateral deviation and rotation of the spine are responsible for scoliosis [84]. When
research on scoliosis started, it was commonly believed that muscle dysfunction
was the cause. Only after Pott’s description of spinal tuberculosis was a distinc-
tion was made between spinal deformities caused by tuberculosis and spinal
deformities of other etiologies. During the second half of the 19th century,
research focused on the spinal osseous changes in patients suffering from scolio-
sis.

Méry first realized the

importance of spinal

rotation for scoliosis

The French surgeon Sauveur-Henri Victor Bouvier (1799–1877) is credited as
the first to further differentiate between rickets caused scoliosis and idiopathic
scoliosis [9].

Assessment

Bühring invented a scoliosis

measuring machine

Before the advent of X-rays, it was very difficult to measure scoliosis and treat-
ment outcome. The French surgeon Jacques-Mathieu Delpech (1777–1832)
made plaster molds of his scoliosis patients to assess the extent of the curvature.
In 1850, an employee of Johann Julius Bühring (1815–1855), head of an orthope-
dic clinic in Berlin, invented a measuring machine that made it possible to depict
correctly a spinal curvature. The measuring machine consisted of a glass plate
with engraved squares on which a sheet of paper was fixed. The patient was
placed in front of the machine. Defined parts of the patient’s back were marked
and then transferred onto the paper by tracing.

In 1885, the Swiss pediatrician and physician Wilhelm Schulthess (1855–
1917), founder of the first orthopedic clinic in Zürich, constructed a measuring
machine, based on the principles of Bühring. This apparatus allowed the depic-

Schulthess constructed

a 3D measuring machine

for scoliosis

tion of a three-dimensional representation of the scoliosis [107]. Schulthess also
invented stereotactic machines to produce calibrated corrections and to measure
rotation (Fig. 4b). In 1906, he published a very comprehensive book on scoliosis,
which served for many years as a reference textbook [108]. With the advent of
X-ray machines at the beginning of the 20th century, the American orthopedic
surgeon John Robert Cobb (1903–1967) introduced the “Cobb angle”, which was
popularized by the American orthopedic surgeon Robert Korn Lipmann (1898–
1969) in 1935 [19].

Risser first assessed the

growth potential by iliac

crest apophysis ossification

The American surgeon Joseph Charles Risser (1892–1982) was a great advo-
cate of early scoliosis treatment and frequently used plaster casts as a non-oper-
ative treatment. He also thought that it was better to operate on patients at an
early age rather than waiting for the development of large curves. He popular-
ized the assessment of the osseous fusion of the iliac crest apophysis as an esti-
mate for the child’s growth potential, which became later known as the Risser
sign [98].
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Figure 4. Scoliosis

a The first picture of a scoliotic spine published by Guilhelmus Fabricius Hildanus (1560 – 1634). b Measuring apparatus
for scoliosis constructed by the Swiss physician and pediatrician Wilhelm Schulthess (1855 – 1917) in 1885. c Hippocrates
of Cos (460 – 370 B.C.). d The scoliosis brace made of iron plates by Ambroise Paré (1510 – 1590). e The “Glisson swing”
developed by Francis Glisson (1616 – 1691).
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Figure 4. (Cont.)

f Heister’s iron cross invented by the German surgeon Lorenz Heister (1683 – 1758). g “Appareil du jour” for scoliosis
patients developed by Jean-André Venel (1740 – 1791). h “Appareil de la nuit” developed by Venel. i Paul Randall Harring-
ton (1911 – 1980). j Harrington hooks and rods for the treatment of scoliosis.

Non-operative Treatment

An ancient Indian epic

first described scoliosis

treatment (3500 – 1800 B.C.)

Probably the first description of the treatment of spinal deformity is recorded in
the Srimad Bhagwat Mahapuranam, an ancient Indian epic written between 3500
and 1800 B.C. [111]. There, the Indian god Lord Krishna cures the hunchback of
one of his female devotees named Kubja by applying axial traction.

Hippocrates invented

the first traction table

The state of the art medical textbook of antiquity On Articulation (part of the
monumental and famous Corpus Hippocraticum) was probably written by the
Greek physician Hippocrates (Fig. 4c) of Cos (460–370 B.C.) and his scholars. In
this text collection numerous descriptions concerning normal and abnormal spi-
nal curvatures can be found [57]. However, spinal deformities provoked by
tuberculosis were not differentiated from true scoliosis. The treatment was poor
and consisted of the famous “Traction Table” also known as the “Hippocratic
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bench” or “scamnum” (the Latin expression for traction table) with which
patients were stretched, both horizontally and with underarm and leg distraction
in suspension. In later times, only little progress was made regarding the etiology
and treatment of spinal deformities.

Spinal deformities were

thought to result from

spinal luxation

Even at the end of the Middle Ages, the common belief was that a spinal defor-
mity was caused by a spinal luxation. Therefore, such deformities were called
“spina luxata” and the term included every kind of scoliosis and kyphosis. In
1544, the famous Italian surgeon Guido Guidi (1508–1569) proposed treating
such spinal deformities by using the techniques of a traction table as introduced
by Hippocrates and elaborated by Oribasius (325–405 A.D.) [91]. The surgical
textbook Chirurgia è Graeco in Latinum Conuersa, written by Guido Guidi (alias
Vidus Vidius) contains many illustrations depicting different types of extension
machines also known as traction tables [42].

Paré (1510 – 1590)

introduced a brace

for scoliosis treatment

A less cruel method of treating spinal deformities was developed by Ambroise
Paré (1510–1590). The father of French surgery also reintroduced the ligature of
vessels. He suggested treating scoliosis by an iron plate brace (Fig. 4d) [79], which
had to be changed in size during the acceleration phase of child growth at least
every 3 months.

Blount introduced

the Milwaukee brace

A revolutionary step forward in scoliosis bracing was made by the American
orthopedic surgeon Walter Putnam Blount (1900–1992), who was devoted to
scoliosis and its treatment. In 1945, Blount introduced the so-called “Milwaukee
brace”, which is still in use today [7].

Glisson developed

a swing suspension

by the head and armpits

The English physician Francis Glisson (1616–1691), professor of medicine for
over 41 years at Cambridge, wrote extensively on rickets in his pioneering book
On Rickets (De Rachitide, Sive Morbo Puerili, qui Vulgo The Rickets Dicitur Trac-
tatus) in 1650. He assumed that scoliosis was caused by rickets and that the
pathomechanism was based on the unequal and asymmetric bone growth of the
spine [39]. Therefore, he developed a swing suspension by head and armpits
known as the “English swing” or “Glisson swing” (Fig. 4e) [39].

Heister’s iron cross

served as a prototype

for later scoliosis braces

Since then, many spinal extension machines have been developed and prop-
agated, for example, the extension chair introduced by the French surgeon
Pierre Dionis (birth date unknown – 1718) in 1707 [30]. In his Cours d’Opéra-
tion de Chirurgie, Pierre Dionis also mentioned for the first time the use of an
iron cross for correcting spinal scoliosis. The cross became well known as Heis-
ter’s cross, because the German surgeon Lorenz Heister (1683–1758) first
depicted the iron cross in his textbook of surgery [49, 50]. Heister’s cross was
used as a kind of scoliosis brace and served as a prototype for later scoliosis
braces (Fig. 4f).

The book “Orthopedia”

made Nicholas Andry

the father of modern

orthopedics

In 1741, the French pediatrician Nicholas Andry (1658–1742) published his
epoch-making and pioneering textbook “Orthopédie” and became the father
of modern orthopedics [3]. A great part of his book dealt with the description
of scoliosis prevention, giving especial attention to sitting and postural habits
and recommending for example physical exercises and a specially designed
chair.

Venel invented a spinal

extension machine

(orthopedic bed)

Influenced by the Enlightenment, the Swiss orthopedic and former obstetri-
cian Jean-André Venel (1740–1791) founded the world’s first orthopedic hospital
in the small Swiss town of Orbe in 1780. He developed a new treatment regime for
spinal deformities in 1785 [113]. Venel believed that two kinds of procedures
were suitable: first axial extension along the spine and second application of
forces in transverse planes at the region of deviation. Furthermore, he was con-
vinced that the treatment of scoliosis does not tolerate any interruption. Based on
such ideas, he developed a brace for daily activities called an “appareil du jour”
and an orthopedic bed, an extension machine, for the night called an “appareil
de la nuit” (Fig. 4g, h). Venel’s invention resulted in a hype boom during the fol-
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lowing half century and all sorts of different orthopedic beds were developed. In
1829, Johann Friedrich Diefenbach (1792–1847), one of the most important
orthopedic surgeons of the 19th century in Germany, catalogued the various
extension beds and chairs, filling 70 pages [61].

Scoliosis Surgery

Tenotomy and myotomy

was the early but

unsuccessful treatment

for severe scoliosis

In the first half of the 19th century, tenotomy and myotomy were used for severe
scoliosis both because of the prominent paraspinal muscles and the muscle dys-
function theory as outlined above. A very prominent advocate of tenotomy was
the French surgeon Jules René Guérin (1801–1886), who developed this tech-
nique in 1835 and treated 1349 patients [41].

After the initial enthusiasm, some terrible outcomes were experienced by
patients and the method was abandoned. It may be of interest that the contro-
versy over this technique was one of the first incidences of doctors criticizing and
attacking each other in print and in court.

Hibbs performed the first

spinal fusion for scoliosis

In 1911, the American surgeon Russel A. Hibbs (1869–1933) fused the spine
for tuberculosis and suggested extending this method also to scoliosis, as
explained in more detail below [46]. He first performed an in situ fusion in 1914
and later corrected the curve with a cast until fusion had occurred. He gave sev-
eral reports of his technique and advocated a long fusion before the deformity
became severe [53, 54].

After the first successful instrumentations of the spine performed by W.F. Wil-
kins (1845–1935) [122] and a little bit later by Berthold Ernst Hadra
(1842–1903) [45], many efforts were made to stabilize the spine with instrumen-
tation, e.g. by the German orthopedic surgeon Fritz Lange (1864–1952) [69].

Harrington developed

a milestone spinal

instrumentation system

Finally, however, it was the American orthopedic surgeon Paul Randall Har-
rington (1911–1980) who succeeded in developing an appropriate system for sco-
liosis instrumentation (Fig. 4i) [37]. This spinal instrumentation system known as
“Harrington instrumentation” consisted of stainless steel hooks and rods, which
allows the correction of the spinal curvature by distraction (Fig. 4j). Harrington
invented this spinal instrumentation system after a severe poliomyelitis epidemic
in the late 1950s. He popularized spinal instrumentation in his milestone paper
Treatment of Scoliosis: Correction and Internal Fixation by Spine Instrumentation
published in 1962 [47]. The early technique consisted only of instrumentation.
Fusion was later added because of the initial poor outcome.

Dwyer developed

the first anterior spinal

instrumentation system

Luque introduced segmen-

tal spinal correction

In 1969, the Australian surgeon Alan Frederick Dwyer (1920–1975) intro-
duced the first anterior spinal compression system for scoliosis correction [31].
More than a decade later the Mexican surgeon Eduardo Luque developed a poste-
rior segmental fixation system, which allowed segmental stabilization without
the need for a postoperative cast [74]. In 1984, the French surgeons Yves Cotrel
and Jean Dubousset introduced their posterior derotation system, a system con-
sisting of stainless steel pedicle screws, rods, hooks and transverse traction

Cotrel and Dubousset

introduced the concept

of spinal derotation

devices [22]. By means of this system, it was possible not only to address lateral
deviation of the spine but also apical rotation and thereby improve the sagittal
profile of the spine. Cotrel-Dubousset instrumentation started a new area in spi-
nal surgery.

Juvenile Kyphosis

Scheuermann first described

juvenile kyphosis

The Danish radiologist Holger Werfel Scheuermann (1877–1960), head radiolo-
gist at the Cripple’s Hospital in Denmark, first described juvenile kyphosis in his
thesis which he presented to the University of Copenhagen in 1921. Scheuermann
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reported on a series of 105 adolescent patients (80% males) suffering from a sag-
ittal curvature but with only a minimal coronal deviation [105]. Thus, he postu-
lated a new group of spinal disorder, which begins during puberty and is associ-
ated with a genuine thoracic kyphosis. Initially, his thesis was rejected by the uni-
versity committee. In 1957, he was finally awarded an honorary doctorate in rec-
ognition of his work. Nevertheless the entity became known as Scheuermann’s
disease.

The German pathologist Christian George Schmorl (1891–1932) performed
pathoanatomical studies on more than 5000 spinal specimens which he later
published in his famous book The Human Spine. Schmorl first described the
intercorporal disc prolapses known nowadays as Schmorl’s node [106], which
are frequently seen in juvenile kyphosis.

Spondylolisthesis

An Obstetrical Problem

Herbiniaux described the first

case of spondylolisthesis

Spondylolisthesis must have been observed in ancient times but was probably
first mentioned in 1782 by the Belgian surgeon and obstetrician G. Herbiniaux
(1740 – end of the 18th century). He claimed that it interfered with childbearing
and resulted in the death of both mother and child [52].

Kilian coined the term

“spondylolisthesis”

In 1854, Herman Friedrich Kilian (1800–1863) coined the term “spondylolis-
thesis”, which means the “downward gliding of the spine” [64].

In 1882, Franz Ludwig Neugebauer (1856–1914), an obstetrician in Warsaw,
published a monograph on spondylolisthesis in which he described exactly the
clinical features of spondylolisthesis also in relation to obstetrical problems of a
narrowing birth canal in patients with severe spondylolisthesis [89]. In 1976,
Wiltse, Newmann and Macnab were the first to classify spondylolisthesis into
five categories: dysplastic, isthmic, degenerative, traumatic and pathological
types [124].

Surgery

In 1893, Sir William Arbuthnot Lane (1856–1938), who became famous for
introducing the “no touch” or fully instrumental technique of surgery, per-
formed a decompressive laminectomy on a 34-year-old woman who suffered
from progressive gait disturbance, leg weakness and loss of sensation in the lower
limbs. During the operation, he found a forward slipping of the body and neural
arch of L5 on the sacrum without any defect [67].

The first anterior interbody

fusion was performed

by Burns

In this context, the history of the anterior interbody fusion technique should
briefly be reviewed because this surgical technique was first successfully per-
formed in a 14-year-old boy with spondylolisthesis by the English surgeon Burns
in 1933 [14]. Burns’ technique consisted of driving an autologenous tibia dowel
through the fifth lumbar vertebra into the sacrum (Fig. 5).

Lane and Moore published the first routine series of anterior interbody fusion
in 1948 and shortly after Harmon brought his series to the public in 1950 and
1960 [46, 68]. Since then, many modifications have been made. In the late 1950s,
the American surgeon Humphries and his team first introduced the plate system
for anterior interbody fusion, which consisted of an especially designed com-
pression plate primarily for the lumbosacral joint that was fastened onto the

Hodgson developed an

anterior fusion technique

with bone graft insertion

anterior surface of the vertebra by screw [60]. At the same time, the orthopedic
surgeon Arthur Ralph Hodgson (1915–1993), head of the Orthopedic and
Trauma Unit at the University of Hong Kong, developed an anterior fusion by
using bone grafts for tuberculosis treatment as explained in more detail below
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Figure 5. Spondylolisthesis

Anatomical drawing of the first successful
interbody fusion by B.H. Burns in 1933 [14]
(with Permission from Elsevier).

[58]. In 1936, Jenkins tried to reduce the slip with traction and fusion [63]. Three
decades later, Paul Harrington used his spinal instrumentation system to reduce
severe spondylolisthesis [48].

Back Pain and Sciatica

Not back pain but back

related disability has dra-

matically increased in the

last five decades

Back pain has been known since the start of written history. Probably the first
report of back pain and sciatica can be found in an ancient text, the so-called
Edwin Smith Surgical Papyrus presumably written around 1550 B.C. [10]. The Edwin Smith Surgical

Papyrus first described

back pain (1550 B.C.)

In the industrialized countries, back pain today is the second most common
reason for seeking medical care. Back pain accounts for 15% of all sick leaves and
is the most common cause of disability for persons under 45 years of age. How-
ever, in historical textbooks, only little information is available on backache.
Waddell stated: “At first glance, backache appears to be a problem only since
World War II. At second glance, we realize that not back pain but back related dis-
ability became a medical problem at the end of the last century” [118].

A Wrong Mixture of Fluids

Hippocratic texts first

described sciatica

The first descriptions of spinal pain, called sciatica, are also found in the Hippo-
cratic texts Predictions II (Praedictiones II) [57].

The Predictions are a collection of medical texts concerning especially symp-
toms, course, differential diagnosis and prognosis of a selection of different dis-
eases. It is assumed that the famous Greek physician, Hippocrates of Cos
(460–370 B.C.), the father of the Hippocratic oath, and his scholars contributed to
this ancient medical textbook. Of note, Hippocrates did not differentiate between
symptoms caused by spinal and femoral problems. Both entities were called “sci-
atic” at that time.

The outstanding and important Greek physician Galen of Pergamon (130–
200 A.D.), who became physician to the Emperor Marcus Aurelius (121–180),
described low back pain in his Definition of Medicine (Definitiones Medicae) sim-
ilar to the Hippocratics [36]. Both the Hippocratics and Galen assumed a wrong
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Initially “sciatica” described

hip, buttocks, loin as well

as leg pain

mixture of fluids to be the cause of such symptoms according to the so-called
“fluid doctrine” of Hippocrates. Other ancient physicians had more or less the
same explanation for the sciatic pain syndrome. During antiquity and the Middle
Ages, this view persisted and the term “sciatic” served as a description for hip,
buttocks, loins and leg pain.

The Italian physician Domenico Felice Antonio Cotugno (1736–1822) first
differentiated sciatica from hip related pain in his pioneering study De Ischiade
Nervosa Commentarius (Commentary on Nervous Sciatica) (1764). The nervous
sciatica was called “iscias nervosa Cotunni” also known as the “malum Cotunni”
or “Cotugno syndrome” (Fig. 6a) [21]. He was such a skilled clinical examiner he
was able to divide his Cotugno syndrome into two entities:

) anterior “iscias nervosa postica”
) posterior “iscias nervosa antica”

Cotugno first differentiated

nervous sciatica from

musculoskeletal leg pain

The anterior “iscias nervosa postica” was described as pain radiating from the
groin along the inside of the thigh and down the lower leg. The posterior “iscias
nervosa antica” corresponded to pain radiating from the greater trochanter
major along the outside of the thigh and down into the lower leg. Cotugno
thereby became the first author to describe the lumboradicular syndrome.

Brown first assumed neural

irritation to be a cause

of back pain

However, the true cause of the nervous sciatica still remained unknown. He was
still very close to the antique fluid doctrine. Cotugno is also known for his dis-
covery of cerebrospinal fluid as outlined above, his discovery of aqueductus of
the inner ear and his description of the typhoid ulcers. It was finally the English
physician Brown of Glasgow in 1828 who first suggested that irritation of the ner-
vous system could be responsible for back pain [13].

a

b

Figure 6. Back pain and sciatica

a Domenico Felice Antonio Cotugno (1736 – 1822). b The Half
Joints of the Human Body published in 1858 by the German
pathologist Hubert von Luschka (1820 –1875).
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c d

e

Figure 6. (Cont.)

c The illustration depicted in The Half Joints of the Human Body shows
a nucleus protrusion of the intervertebral disc between the 12th tho-
racic and 1st lumbar vertebra. d The drawing shows removal of a so-
called “extradural chondroma” depicted in the paper by Fedor Krause
(1857 – 1937) and Heinrich O. Oppenheim (1858 – 1919) in 1908.
e This drawing shows the concept of a disc compressing the cauda
equina as seen by Joel E. Goldthwait (1867 – 1961).

Disc Herniation

Luschka (1820 – 1875) first

described a protruded disc

After a brief report of protruded disc written by the great pathologist Virchow
in 1858, the German pathologist Hubert von Luschka (1820–1875) publish-
ed a detailed and concise description and illustration of a protruded disc in
his epoch-making monograph The Half Joints of the Human Body (Fig. 6b)
[75].

He supposed that these disc protrusions were caused by a tumor like cartilage
outgrowth of the nucleus pulposus and called such protrusions anomalies of
intervertebral discs (Fig. 6c). Notwithstanding Luschka’s descriptions of a subli-
gamentary and intraligamentary outgrowth of a cartilage-gelatinous mass from
the nuclear material with a consecutive transligamentary burst, the effective ori-
gin of these disc protrusions and the clinical link to the sciatica were still unex-
plained for another 70 years. Luschka’s scientific publications and anatomic text-
books became the gold standard of the time because of their clear presentation
and excellent drawings.

Christian George Schmorl (1862–1932), Director of the Pathological Institute
in Dresden, studied more than 5000 spine specimens. In 1928, he published two
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cases of disc protrusion, which he interpreted as supplementary nuclei pulposi,
remnants of the primitive chorda, respectively.

Andrea first proposed

a degenerative origin

of disc protrusion

Finally, in 1929, it was a disciple of Schmorl, Rudolf Andrae, who gave the
accurate explanation for the disc protrusion. In his work On Cartilage Node in the
Posterior End of Intervertebral Disc Near by the Spinal Canal, Andrae confirmed
Schmorl’s observations by describing 56 similar cases in 365 examined spines.
Furthermore, he proposed that disc protrusion is based on a degenerative dis-
ruption of annular fibers which permits extrusion or sequestration of nuclear
material. In addition he could exclude the theory of a neoplastic process as cause
for disc protrusion [2]. Even though the pathophysiological mechanism was elu-
cidated, there was no link to the clinical symptom of sciatica.

Krause and Oppenheim

(1958 – 1919) first performed

a discectomy

With the advent of neurotopic diagnosis using dermatomes at the end of the
19th century, specific operative intervention for the spine and spinal cord
became possible. On 23 December 1908, the German surgeon Fedor Krause
(1857–1937), who worked at the Augusta Hospital in Berlin together with the
German neurologist Heinrich O. Oppenheim (1858–1919), was the first to oper-
ate on a disc prolapse in a patient who had suffered from severe sciatic pain for
several years and had developed an acute cauda equina syndrome [90]. The
operation (Fig. 6d) consisted of:

) laminectomy L2–L4
) splitting the dura
) mobilizing the cauda equina by a retractor
) exploring the operation field
) removing a small tumor mass

After the operation, the patient felt much better and the neurological problems
disappeared. Following the theory of Luschka, Krause and Oppenheim supposed
that this fibrocartilage mass was an enchondroma.

Goldthwait first proposed

that sciatica is caused

by a disc prolapse

In 1911, the American physician Joel E. Goldthwait (1866–1961) reported on
a 39-year-old patient who initially suffered from an affection of the sacroiliac
joint. The patient underwent inadequate manipulations and subsequently
developed a cauda equina syndrome. Based on this case, he proposed that a
prolapse of the intervertebral disc could be an explanation for many cases of
lumbago, sciatica and paraplegia (Fig. 6e) [40]. At the same time, the physicians
George S. Middleton (1853–1928) and John H. Teacher (1869–1930) reported a
case of a laborer who had sustained a disabling injury during work while lifting
a heavy object [74, 85]. The patient suffered from sciatica and paraplegia. The
authors suggested that a disc rupture caused the severe clinical condition of that
patient.

Disc Surgery

In 1929, the famous Walter E. Dandy (1886–1946), professor of neurosurgery at
Johns Hopkins, discovered that nodules of discal origin could produce sciatica
by compression and that their removal would cure pain. He published this
hypothesis in the Archives of Surgery [25], but unfortunately little attention
was paid to this article, because he called the protrusions and prolapses tu-
mors. However, it was not until 1934 that the American neurosurgeon William
Jason Mixter (1880–1958) and the orthopedic surgeon Joseph Seaton Barr
(1901–1963), working at the Massachusetts General Hospital, established that
the supposed neoplastic process was just a prolapse of the disc (Historical Case

Study).

Mixter and Barr established

the link between disc

prolapse and sciatica

They also discovered the long missing link between sciatica and disc protru-
sion [86].
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a

Historical Case Study

The following text represents a short extract of the milestone article “Rupture of the intervertebral disc with involvement
of the spine canal” (a) (Massachusetts Medical Society, with permission): written by William Jason Mixter (b) and Joseph
Seaton Barr (c) in 1934 [86]:
“The symptoms and signs of these so-called chondromata, which we believe in most instances represent rupture of the
intervertebral disc, have been discussed at length by Elsberg and Stookey. The symptoms depend entirely on the loca-
tion and size of the lesion. There is often a history of trauma not immediately related to the present condition. Numbness
and tingling, anaesthesia, partial or complete loss of power of locomotion, are usually present. Bladder and rectal sphinc-
ter may be involved. The condition of the reflexes varies with the level of the lesion. If it is compressing the cauda equina
the tendon reflexes may be absent; if higher, compressing the cord, the legs may be spastic and the reflexes exaggerated
with positive Babinski sign. If the lesion is low in the spine, the physical examination may be suggestive of low back strain
or sacro-iliac strain. X-ray examination may be entirely negative, but narrowing of the intervertebral space is often pre-
sent and is of significance, as it ordinarily means escape of the nucleus pulposus, not necessarily but possibly into the spi-
nal canal... Therefore we have developed certain ideas as to the operation when we suspect this lesion to be present.
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b c

Historical Case Study (Cont.)

Exposure of the spine and laminectomy are performed as usual except that the laminectomy is narrow and on the side
where the lesion is suspected, for we believe that a ruptured disc is a weakened disc and the strength of the spine should
be preserved as much as possible. The dura is opened and the spinal canal carefully explored, particular attention being
given to the intervertebral discs in front of the cord and the intervertebral foramina. If the lesion is found in the midline
it is approached by incising the dura over it as suggested by Elsberg. If it is lateral, the dura is closed and the dissection
carried out to the side between the dura and the bone. If lesion is suspected in the intervertebral foramen it may be nec-
essary to carry the removal of bone well out to the side, even taking in part of the pedicle. After removal the tumor is
exposed. It frequently comes away without any dissection and if not, section across its base or removal with curette is
bloodless. Though we have done it in only two cases, we believe that it may be advisable to slip bone chips in between
the stumps of the laminae before closing the wound, in order to facilitate fusion. After removal of the tor piece of the disc
one frequently finds an opening through which a probe may be passed into the nucleus pulposus... We conclude from
this study: a that herniation of the nucleus pulposus into the spinal canal, or as we prefer to call it, rupture of the interver-
tebral disc, is a not uncommon cause of symptoms. That the lesion frequently has been mistaken for cartilaginous neo-
plasm arising from the intervertebral disc... That the treatment of this disease is surgical and that the results obtained are
very satisfactory if compression has not been too prolonged.”

This finding rapidly attracted surgeons and basic researchers to the interverte-
bral disc. The enthusiasm to solve back pain and sciatica surgically by disc exci-
sion started as Macnab called it “the dynasty of disc” [77]. The disc was thereaf-
ter made responsible for all kinds of back and leg pain and many treatment fail-
ures were the consequence.

Love developed the

interlaminar “key hole”

approach for discectomy

In the early days, the disc prolapse was removed by a full transdural approach
with laminectomy. In 1939, Grafton Love, a surgeon at the Mayo Clinic, published
a new method which he called “key hole” laminectomy, an intralaminar approach
for disc prolapse removal, which preserved spinal stability. Therefore, his ap-
proach served also as a precursor to the microscopically assisted approach [73].

Lyman Smith introduced

chemonucleolysis

for disc prolapses

The American physician Lyman Smith developed a less invasive method for
disc protrusions and reported his results in 1964 [109]. He injected chymopapain
into the disc to shrink the disc protrusion. Although chemonucleolysis was effec-
tive, this method went out of fashion because of some cases of anaphylactic reac-
tion and transverse myelitis.

Caspar and Williams

introduced microdiscectomy

In 1975, Hijkata of Japan first reported on a percutaneous lumbar nucleotomy
technique by a posterolateral approach [35]. In the late 1970s, the German neuro-
surgeon Caspar and the American neurosurgeon Williams introduced the use of
the microscope for minimally invasive discectomy, which today has become the
standard technique in many centers [17, 123].

In 1986, P.W. Ascher performed the first percutaneous laser decompression of
intervertebral discs [14], but this technique never demonstrated clinical efficacy.
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U. Fernström implanted

the first lumbar disc

prothesis

A further milestone in the treatment of degenerative disc disease was the devel-
opment of an artificial disc, which allowed lumbar motion to be preserved. U.
Fernström first implanted a rudimentary lumbar disc replacement consisting of
a single steel ball in the late 1950s [34].

After several less promising developments of different designs, K. Schellnack
and K. Büttner-Janz developed the SB Charite disc prothesis at the Charité (Hos-
pital) in Berlin in the early 1980s [15]. Further developments of this prothesis
type resulted in the first FDA approved total disc arthroplasty device.

The Facet Syndrome

It was the Belgian anatomist Andreas Vesalius (1514–1564), professor of anat-
omy at the University of Padua, who first correctly described the facet joint in his
epoch-making anatomical textbook De Humani Corporis Fabrica Libri Septi in
1543 [116]. The American Joel E. Goldthwait (1867–1961), first surgeon-in-chief
of the Orthopedic Department at the Massachusetts General Hospital, first real-
ized that the facet joints also play an important role in low back pain [40]. Finally,

Ghormley coined the term

“facet syndrome”

in 1933, R.K. Ghormley is credited as having coined the term “facet syndrome”
for back pain caused by altered facet joints [38]. This syndrome was re-popular-
ized by Vert Mooney in 1976 [87], but debate continues about the clinical entity.

Spinal Stenosis

Portal made the first

description of spinal

stenosis in 1803

The first evidence of spinal stenosis can be found in Egyptian mummies. The first
report of a spinal stenosis is attributed to the French surgeon Antoine Portal
(1742–1832) in 1803. He observed at autopsy three specimens with narrowing of
the spinal canal [93]. He was also able to relate the pathological findings to the
typical clinical symptoms of spinal stenosis.

Vittorio Putti was the first

to report the relevance

of foraminal stenosis

The Italian orthopedic surgeon Vittori Putti (1880–1940), one of the most
outstanding European orthopedic surgeons of the first half of the 20th century,
emphasized the relevance of anomalies or acquired degenerative alterations of

a b

Figure 7. Spinal stenosis

a Vittorio Putti (1880 – 1940). b Henk Verbiest (1909 – 1997).
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the intervertebral foramina and lateral recess, for causing sciatica by causing an
entrapment of the existing root (Fig. 7a) [94]. In his article, published in The Lan-
cet in 1927, Putti gained international attention and it was a further step in the
understanding of the pathomechanism of sciatica in cases which are not caused
by a slipped disc [95].

Henk Verbiest discovered

the relevance

of a narrow spinal canal

With the Dutch neurosurgeon Henk Verbiest (1909–1997), also known as the
“pope of spinal stenosis”, lumbar stenosis became a well-defined pathological
entity (Fig. 7b) [4]. He introduced the concept of developmental stenosis, which is
caused by an abnormally short midsagittal diameter of the spinal canal [114, 115].

Spinal Infections

Despite the advent of chemotherapy and improved surgical techniques, spinal
infections are still a potentially life threatening disease even in the industrialized
world. In the past, tuberculosis has played an important role as a cause of spinal
deformities and was one of the most common “orthopedic” diseases all over the
world.

Egyptian Mummies and Sir Percival Pott

Spinal tuberculosis is older

than written history

Spinal tuberculosis is older than written history, because the first evidence of spi-
nal tuberculosis was found in a skeleton from about 5000 B.C. [51]. Further evi-
dence of spinal infection most likely caused by tuberculosis was found in Egyp-
tian mummies dating from the Predynastic time, 3000 B.C. and earlier. A very
good example of spinal tuberculosis was found in Neshparenhan, from the cache
of 44 priests of Amun (21st Dynasty, 1100 B.C.) reported by Ruffer in 1910. The
mummy reveals the typical features of Pott’s disease with an acute angulation of
the spine caused by the collapsed thoracic vertebral bodies and a psoas abscess
(Fig. 8a) [103].

In the Hippocratic textbook On Articulations, extended descriptions about
spinal deformities are in particular very similar to those of Pott’s disease [50].
Hippocrates of Cos (460–375 B.C.) and his scholars have suggested treatment of
patients by bench stretching and this became a very popular therapy for a long
time. In 1896, the French orthopedic surgeon Jean-Francois Calot (1861–1944)
tried to cure tuberculosis related spinal deformities by his “redressment brusque”
(or “redressment forcé”) based on the Hippocratic procedure (Fig. 8b) [16]. But
after some brief enthusiasm, this treatment was abandoned because of various
severe complications.

Pott recognized the link

between tuberculosis,

kyphosis and paraplegia

In 1779, the English surgeon Sir Percival Pott (1714–1788), author of classic
monographs on head injuries and fractures, is credited as having recognized the
tuberculous nature of this disease. He published his account of tuberculous para-
plegia entitled Remarks on that kind in palsy of the lower limbs, which is fre-
quently found to accompany a curvature of the spine, and is supposed to be caused
by it (Fig. 8c) [94, 95]. The first association of paraplegia with kyphotic deformity
was obviously made by the French surgeon Jacques Dalechamps (1513–1577) in
1570 [28].

Dalechamps first described

the association of paraple-

gia and kyphotic deformity

Dalechamps still believed in the method of mechanical treatment of a “spina
luxata” by performing extension and simultaneously sitting on the patient’s
hunchback as propagated by the famous Italian physician Guido Guidi
(1500–1569) [42]. Although the tuberculous nature of spinal deformity had
been surmised by Hippocrates and confirmed by Galen, it was Pott’s classic
description that finally brought the condition to clarity for the practitioner
(Fig. 8d).
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Figure 8. Spinal infection

a The Old Egyptian mummy Neshparenhan, a priest of Amun (circa
1100 B.C.), shows the typical features of Pott’s disease: collapsed thoracic
vertebral bodies with kyphotic angulation. b This painting illustrates the
“redressement forcé” by the French orthopedic surgeon Jean-Francois
Calot (1861 – 1944). c Sir Percival Pott (1714 – 1788). d The drawing of the
so-called “carious spine” depicted in Pott’s work in 1779.

He showed that there was not a luxation of vertebrae but an inflammatory
abscess that compromises the spinal cord. Pott’s trias was defined by three find-
ings:

) paraplegia
) gibbus
) abscess

Robert Koch first discovered

Mycobacterium tuberculosis

The true nature of “spinal caries” as tuberculous spondylitis was recognized by
Jacques-Mathieu Delpech (1777–1832), murdered by a patient on whom he had
performed a varicocele operation, and Carl Freiherr von Rokitansky (1804–
1878) in 1842 [29, 100]. Finally, it was the famous German physician and bacteri-
ologist Robert Koch (1843–1910), founder of modern experimental bacteriology
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and Nobel prize winner in 1905, who succeeded in isolating and describing the
germ of tuberculosis: Mycobacterium tuberculosis.

Treatment

Before the 19th century, treatment was just based on bed rest and/or cruel trac-
tion. It can be imagined what torture it was. Spinal frames and, later, plaster beds,
plaster jackets and back supports came into almost universal use but without any
proven benefit.

Lange was a pioneer

of internal spinal fixation

Despite the first experience of abscess drainage reported by Pott, this proce-
dure seemed to be very dangerous because of the high death rate leading to con-
troversies. With the advent of new surgical and supporting techniques in the late
19th century, more and more surgical approaches to the treatment of tuberculo-
sis were developed. In 1909, the German surgeon Fritz Lange (1864–1952) tried
to stabilize the tuberculous spine by fixing it up by means of celluloid bars and
silk wire. Later he also used steel rods and wires [69].

Albee performed the first

successful spinal fusion

Fred Houdlette Albee (1876–1945), a great American orthopedic surgeon at
the beginning of the 20th century and co-founder of the International Society of
Orthopaedic Surgery and Traumatology (SICOT), first reported on a successful
lumbar spinal fusion. Albee tried to stabilize the spine of a patient suffering from
spinal tuberculosis. He first sagittally split the spinous processes, and then he laid
a strip of autologous tibia between the two halves of them [1]. During this time,
Albee was very interested in bone graft techniques and he therefore performed
many bone graft experiments on dogs.

Albee’s report was shortly followed by another account of lumbar spinal fusion
written by his colleague Russel A. Hibbs (1869–1932), who became the surgeon-
in-chief of the later New York Orthopedic Hospital in 1897. Hibbs also tried to
produce a posterior fusion by using autologous bone graft.

Procedures were also developed which aimed to drain the abscess, e.g.
abscess enucleation described in 1894 by the French orthopedic surgeon Victor
Ménard [83]. However, none of these operative techniques produced satisfac-
tory results.

Hodgson introduced radical

debridement and anterior

spinal fusion for tuberculosis

In the 1950s, Arthur Ralph Hodgson (1915–1993) (born in Uruguay to British
parents) was a protagonist in what became known as the Hong Kong school of
tuberculosis treatment [82]. Hodgson and his coworkers suggested a new surgi-
cal technique which consisted of:

) radical surgical debridement
) anterior spinal fusion with autologous bone-graft (rib, ilium) [58]
) chemotherapy

In the 1950s, although the first effective chemotherapies with streptomycin, iso-
niazid and paraamino-salicyclic acid were successful in the treatment of pulmo-
nary tuberculosis, orthopedic surgeons were suspicious of the effectiveness for
spinal tuberculosis [65, 88]. Based on the experience of the Hong Kong school,
radical debridement, fusion and chemotherapy became the gold standard for
cases with deformity and neurologic compromise [82].

Ankylosing Spondylitis

Ankylosing spondylitis is a highly heritable, common rheumatic condition, primar-
ily affecting the axial skeleton. There is still no causative cure and for patients it
remains a very disabling disease (Fig. 9a). The first evidence of ankylosing spondy-
litis was found in many Egyptian mummies ranging from 3000 B.C. up to the Roman
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Figure 9. Ankylosing spondylitis

a Typical features of ankylosing spondylitis in the skeletal remains of a Late Medieval/Early Modern Times male 50 years
of age from La Neuveville, Switzerland. b The peculiar skeleton as described by the Irish physician Bernard Connor
(1666 – 1698). c Vladimir von Bechterew (1857 – 1927).

period [103]. A most likely case of ankylosing spondylitis is the one of Ramses II
(1200 B.C.). He was one of the most powerful Egyptian kings ever and is remem-
bered for his countless monuments, for example the temple in Abu Simbel [81].

Discovery of a New Disease

Conner first described

ankylosing spondylitis

The Irish physician Bernard Connor (1666–1698) gave a first accurate descrip-
tion of ankylosing spondylitis. He practiced for several years at the French Court
during the regency of Louis XIV (1638–1715). He later became appointed physi-
cian to the Polish King John Sobieski in 1694. In 1693, he described an unusual
skeleton consisting of a unified spine that was found in a local cemetery (Fig. 9b)
[20]. He suggested that the deformity originated in utero as a consequence of
pressure from abscess tumor in the womb or elsewhere.

First clinical reports of two putative cases of ankylosing spondylitis were both
published in early issues of The Lancet. The first case, known as Traver’s case, was
reported by the St. Thomas Hospital (London) in 1824. The article deals with a
young girl of good condition, who had suffered from a totally stiff spine caused

Travers and Lyons both

described cases of

ankylosing spondylitis

by an ossification of the intervertebral disc as her treating physician Benjamin
Travers (1783–1858) had assumed [112]. The second case report, published in
1832, was by Philip Moyle John Lyons (1804–1837) and dealt with a 36-year-old
bricklayer who had been suffering from a severely stiffened immobilizing spine
over several years with accompanying back and joint pain [76]. For the first time,
the whole complex of ankylosing spondylitis was described fully and at length in
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Figure 9. (Cont.)

d The photographic plate from the treatise on ankylosing spondylitis written by the French neurologist Pierre Marie
(1853 – 1940) published in 1906.

Bechterew popularized

ankylosing spondylitis

in Continental Europe

1877 by the English physician Charles Hilton Fagge (1838–1883), who worked
at Guy’s Hospital in London [33]. The Russian Vladimir von Bechterew
(1857–1927), Professor of Neurology in St. Petersburg, was interested in ankylos-
ing spondylitis (Fig. 9c). With his report on ankylosing spondylitis in 1893, he
made it very popular in Europe [117]. That is why nowadays ankylosing spondy-
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litis is often called “Morbus Bechterew”. But he misconceived the etiology of
ankylosing spondylitis, because he believed that the spinal stiffness was caused
by a neurological disorder.

The term “ankylosing

spondylitis” was coined

by Fraenkel

Finally, it was the German pathologist and bacteriologist Eugen Fraenkel
(1853–1925), credited for his great work on pathology and differential diagnosis,
who first introduced the name “ankylosing spondylitis” in 1904 [35].

Another neurologist, Pierre Marie (1853–1940), professor in Paris, finally
defined ankylosing spondylitis as an individual entity and proposed the name
“spondylose rhizomelique”. Solely by means of good clinical assessment (Fig. 9d)
and without any technical devices, he was able to describe this disease as pre-
cisely and concisely as no one before him [80]. He also postulated that the etiol-
ogy of ankylosing spondylitis is an osteopathy caused by infection or toxin,
which finally leads to a hyperostotic process of the facet joints.

Spinal Injuries

Spinal injuries have been

diagnosed and treated

since antiquity

Spinal injuries have been diagnosed and treated since antiquity and are still one
of the most severe injuries which lead to handicap and disability. In the past,
most of the patients with spinal cord injuries died after a short time because of a
combination of pressure sores and urinary tract infection. Thanks to the good
supportive techniques and rehabilitation developed since World War II, patients
suffering from spinal cord injuries have better lifetime prognosis and living con-
ditions.

First Reports

Evidence of spinal fractures can be found in prehistory. The oldest known case of
a spinal fracture in a presumably 34000-year-old Early Stone Age (Upper Palaeo-
lithic) skeleton from Stetten in Germany reveals a healed lumbar L3–L4 fracture
[119].

The Edwin Smith Papyrus

gives the first description

of spinal injuries

A first description of spinal cord injuries is found in the Edwin Smith Surgical
Papyrus [10]. The manuscript, written on papyrus, is dated to the 16th cen-
tury B.C. (Historical Case Introduction). But it is widely believed that it is a copy of
a much earlier work possibly 1000 years older. In this text, collections of different
instructions are found concerning for example a crushed cervical vertebra or cer-
vical displacement of a vertebra.

Further evidence of spinal injuries is also given in the Hippocratic texts.
According to the Hippocratic orthopedic textbook On Articulations, spinal inju-
ries are classified into three different types [57] based on the direction of verte-
brae displacement and the spine deformity:

) anterior displacement
) posterior displacement
) injuries with no visible deformity

Hippocrates provided

the first classification

of spinal injuries

Each of these types is described with their prognosis.
Galen already had a good

knowledge of neurological

topography

Galen of Pergamon (130–200 A.D.) described spinal injuries in the same way as
Hippocrates [36]. Additionally, Galen performed different experiments on spinal
cord and spinal cord lesion in primates as outlined above, and he also made
observations on patients with spinal injuries notably gladiators falling from
chariots, perhaps the earliest recorded spinal injuries from road accidents. On
this basis, Galen was able to diagnose the level of the injury by observing the par-
alyzed muscles and the area of sensational loss.
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Figure 10. Spinal trauma

a Hippocates’ Traction Table by E. Littré,
who published the whole work of Hippo-
crates of Cos in the first half of the 19th cen-
tury. b Hippocrates’ Traction Table modified
by Oribarius (325 – 400 A.D.) depicted in the
surgical textbook of Guido Guidi (1500 –
1569). c Sir Ludwig Guttmann (1899 – 1985).

Spinal Injuries as a Socioeconomic Problem

The “railway spine”

is a perfect example

of the socioeconomic

problems related to the spine

When the railways became popular in the first half of the 19th century, there were
suddenly many patients claiming back pain and spinal injuries related to the use
of the railway. Therefore, this phenomenon was called “railway spine”. The medi-
cal textbook On Railway and Other Injuries of the Nervous System published by
John Erichsen in 1866 was fully devoted to this subject [32].

There was great public and medical debate on railway spine and its enormous
amount of compensation. This culminated for example in the medical advice of
the Lancet Commission on the railway spine in 1862 [66]. At the end of the 19th
century the “railway spine syndrome” fully disappeared as a real disease entity.
The “railway spine” was epidemic between 1866 and 1880.

Harold Crowe coined

the term “whiplash injury”

Another socioeconomic problem is the so-called whiplash injury, a traumati-
cally caused cervical strain associated with rear-end collisions that leads to disabil-
ity. The whiplash injury became epidemic with the increase in traffic accidents. The
American surgeon Harold Crowe coined the term “whiplash injury” in 1928 [23].
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Traction Table and Laminectomy

Paulus of Aegina first

performed successful

laminectomies for spinal

injuries

Traction tables were first

used for fracture treatment

Since antiquity and through the whole of the Middle Ages, there were different
kinds of treatment for spinal injuries available. The first one was the Hippocrates
traction table, a popular device for treating every kind of spinal deformity, luxa-
tion and spinal injury (Fig. 10a). The Greek physician Oribasius (325–400 A.D.)
improved Hippocrates’ traction table (Fig. 10b) by adding a cross bar, which
could be used as a lever for treatment of fracture dislocation [91]. This technique
was still recommended at the end of the Middle Ages, for example by the famous
Italian surgeon Guido Guidi (1508–1569) in 1544. Another approach to treating
spinal fractures was introduced by the Greek physician Paulus of Aegina
(625–690 A.D.), who was trained at the Alexandrian school and was the last of the
great Byzantian physicians. He seems to have performed the first laminectomies
in cases in which the posterior elements were fractured and pushed into the cord
[92].

The next historical description of a successful laminectomy was given by the
American surgeon Alban Gilpin Smith (1788–1869) [109]. He performed sur-
gery on a young man who had progressive paresis after falling off a horse 2 years
before. Despite poor operating conditions, the patient recovered from the opera-
tion and experienced a return of sensation in the lower extremities.

During the Middle Ages, there were few descriptions on treatment of spinal
injuries, and mostly physicians recommended conservative procedures. The Ital-
ian surgeon and anatomist Guglielmo da Saliceto (1210–1277) suggested in his
work On Surgery (Cyrurgia) reducing cervical spine dislocation by manual trac-
tion on the extended head and then applying supportive braces and bandages
[27]. The French surgeon Guy de Chauliac (1300–1368) is remembered as the
father of surgery. He suggested in his profound work “Surgery” (Ars Chirurgica),
which was based on Arabic physicians (such as Albucasis [936–1013] or Avi-
cenna [981–1037]) and Galen, to “not labour to cure” in the case of spinal frac-
ture [26].

The Advent of Internal Spinal Fixation

Ambroise Paré reintroduced

surgery for spinal cord

injuries

Ambroise Paré (1510–1590), the famous French surgeon, reintroduced the sur-
gical approach to spinal cord injuries [79].

Smith performed the first

successful laminectomy in

1829

In 1646, Guilhelmus Fabricus Hildanus (1560–1634) described his attempts
to replace fracture dislocation of the neck by means of clamping the soft tissues
and spinous processes with large forceps [56]. In 1829, Alban Gilpin Smith
(1788–1869) succeeded in performing a laminectomy. Other surgeons failed,
because the patients died soon afterwards.

Brodie propagated

conservative treatment

for spinal cord injuries

After that date, there was a great debate on the necessity of “decompressive
laminectomy” which still continues today. In 1836, the famous Sir Benjamin Bro-
die (1783–1862), who is also famous for his description of the so-called “Brodie
abscess”, propagated in his Pathological and Surgical Observations Relating to
Injuries of the Spinal Cord conservative treatment with bed rest and intermittent
catheterization [12].

The treatment of spinal cord lesions was promoted by the special experience of
army surgeons treating battle casualties. A further important step in the treat-
ment of spinal injuries was the evolvement of anesthesia and aseptic surgery in
the second half of the 19th century. The discovery of X-rays by William Conrad
Roentgen (1853–1923) in 1895 and their clinical application since 1896 has also

In the early 20th century

most patients died shortly

after a spinal cord injury

played an important role. During World War I, there was a big advance in neuro-
logical diagnosis and assessment, but not in the treatment of spinal injuries. Most
patients died after a few weeks from urogenital infections. With the advent of
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Wilkins introduced internal

fixation for spinal fractures

supportative techniques at the end of the 19th century, the American surgeon
W.F. Wilkins (1848–1935) was able to perform the first successful internal fixa-
tion of the spine. In 1887, he fixed a dislocated T12/L1 fracture by using a carboli-
zed silver wire [112].

Four years later, the former Silesian obstetrician Berthold Earnest Hadra
(1842–1903) used a similar technique in a case of a C6–C7 fracture of the cervi-
cal spine [43]. He just wired the spinous processes of C6 and C7 and reported that
the result was successful. A great step forward in internal spine fixation was made

Roy-Camille first introduced

pedicle screw fixation

when pedicle screw fixation was first introduced by Raymond Roy-Camille
(1927–1994), appointed chief of orthopedics and traumatology at L’Hôpital de la
Pitié-Salpétrière in 1963 [101, 102]. Another pioneer of spinal fixation is the Aus-
trian surgeon Friedrich Magerl, who practiced at the Kantonspital in St. Gallen.
He particularly contributed to the fixation techniques of the cervical spine (C1/2
screw fixation, lateral mass screw fixation, hock plate) and developed an external
skeletal fixation system for the thoracolumbar spine which formed the basis for
a new generation of angle-stable pedicular fixation systems [78].

The first wheelchair for

spinally injured patients

was developed in 1930

The treatment of spinal injuries is not only based on surgical procedures, but
also on non-operative care, which has significantly contributed to the increase in
long-term survival. In 1930, the first wheelchair for patients suffering from spinal
injury was developed and the focus of treatment slowly changed to rehabilitation,
initiating spinal cord rehabilitation units.

Guttmann (1899 – 1985)

first propagated

rehabilitation for spinal cord

injured patients

Since World War II and the early 1950s, major progress was made because of
antibiotics and the great efforts of the neurosurgeon Sir Ludwig Guttmann
(1899–1985), who was dedicated to the research and treatment of spinal cord
injuries (Fig. 10c).

He propagated intensive rehabilitation and sports. He also wrote a profound
and epoch-making textbook of spinal cord injuries in 1973 [44]. The death rate
among spinal cord injured patients dramatically decreased as a result of these
efforts. In World War I, 80% of patients with spinal cord injuries died within the
first 3 years, while in World War II this rate fell to about 7%.

Recapitulation

Since the beginning of history, there has been evi-
dence of spinal disorders and related treatments.
The Edwin Smith Surgical Papyrus, dating from the
16th century B.C., reported different spinal disorders
such as spinal injuries, backache and back sprain.
Spinal tuberculosis is older than written history.

In antiquity, the famous Hippocrates of Cos

(460 – 370 B.C.) and his scholars wrote on spinal disor-
ders and described tuberculous spondylitis, spinal in-
juries and other spinal deformities. Hippocrates also
invented a long-lasting device, the Hippocratic Trac-

tion Table, which was used for nearly every spinal de-
formity. The Greek physician Galen of Pergamon

(130 – 200 A.D.) preserved the Hippocratic knowledge
of medicine and spinal disorders, respectively. Addi-
tionally, he coined the word “scoliosis” and per-
formed experiments on the spinal cord, which led to
a better understanding of the nervous system.

At the end of antiquity, the Greek physician Paulus

of Aegina (625 – 690 A.D.) first performed successful
laminectomies.

The Middle Ages were practically devoid of any
major advancement in the treatment of spinal dis-
orders.

In the Renaissance, the studies of Andreas Vesalius

(1514 – 1564), the father of modern anatomy, led to
a better understanding of spinal anatomy based on
the publication of his pioneering anatomical text-
book in 1543. The famous French surgeon Ambroi-

se Paré (1510 – 1590) developed the first scoliosis
brace, which was in use for nearly 500 years.

In the Time of Enlightenment, Sir Percival Pott’s

(1714 – 1788) description showed the relation of tu-
berculosis, paraplegia and spinal deformities, which
was an epoch-making discovery, because there was a
high prevalence of tuberculosis at that time. Domeni-
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co Cotugno (1736 – 1822) first described the differ-
ence between real sciatica and pain caused by the hip
and related structures in 1764. Inspired by the philo-
sophical ideas of that time, new therapeutic regimes
for spine disorders were proposed and propagated,
e.g. with the self-help book for parents L’Orthopédie
written by Nicholas Andry (1658 – 1742) in 1741 or
the foundation of the world’s first orthopedic hospital
by Jean André Venel (1740 – 1791) in 1780.

In the 19th century, general anesthesia started in
1846 with William Morton. Antiseptic principles
were introduced by John Lister and others. William

Conrad Roentgen discovered the diagnostic rele-
vance of X-rays in 1895. The first successful laminec-
tomy in modern times was performed by Alban Gil-

pin Smith (1788 – 1869) in 1829. An even better
understanding of the pathology of different spinal
diseases was gained, for example in scoliosis.

At the beginning of the 20th century, William

Jason Mixter (1880 – 1958) and Joseph Seaton Barr

(1901 – 1963) discovered the link between disc her-
niation and sciatica (1934). This discovery boosted
the surgical treatment of sciatica but also led to
overtreatment of this entity. Therefore, this period
is called the “dynasty of the intervertebral disc”.
The Dutch neurosurgeon Henk Verbiest (1909 –
1997) clearly defined the clinical entity of a narrow
spinal canal and popularized claudication symp-
toms in 1954. Sir Ludwig Guttmann (1899 – 1985)
propagated a better treatment based on rehabilita-
tion and sports activities for the spinally injured,
which dramatically decreased mortality. Since the
1970s, the advent of new generation spinal instru-

mentation devices and imaging modalities has
significantly improved the treatment of spinal dis-
orders.

Appendix: History of spinal disorders

Time Surgical procedures Non-surgical
procedures

Diagnostic modalities and other special facts

1550 B.C. First description of spinal disorders in the Edwin Smith
Surgical Papyrus

5th cen-
tury B.C.

Hippocratic Traction Table

7th
century
A.D.

First laminectomies
performed by Paulus
of Aegina

1543 First accurate description of the spine by Vesalius

16th
century

Ambroise Paré first devel-
oped a scoliosis brace

1664 First picture of a scoliotic spine published by Hildanus

1741 Nicholas Andry published his textbook L’Orthopédie

1776 Domenico Cotugno first differentiated between a
sciatica caused and a hip caused back pain

1779 Potts first recognized the link between tuberculosis,
kyphosis, abscess and paraplegia

1780 Venel founded the world’s
first orthopedic hospital in
Orbe, Switzerland

1782 First description of spondylolisthesis by Herbiniaux

1803 Portal first described spinal stenosis

1828 First successful lami-
nectomy in modern
times performed by
Alban Gilpin Smith

1846 Anesthesia gained popularity after the public operation
by Morton in Boston
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Appendix: (Cont.)

Time Surgical procedures Non-surgical
procedures

Diagnostic modalities and other special facts

1858 Concise description of disc protrusion by
Luschka

1866 –
1880

Epidemic of the “railway spine” syndrome

1891 First internal fixation of a C6/C7 fracture
by Hadra

1895 Roentgen discovered X-rays

1898 First lumbar anesthesia by Bier

1900 First posterior fusion of C1/C2 by Pilcher

1908 First report of a disc prolapse operation
performed by Krause and Oppenheim

1909 Stabilization of tuberculous spine by
internal skeletal fixation performed by
Lange

1911 First lumbar spinal fusion performed by
Albee

1921 First description of Scheuermann’s disease by
Scheuermann

1928 First description of the “whiplash injury” by
Crowe

1929 Discovery of penicillin by Fleming

1933 The term “facet syndrome” coined by Ghormley

1933 First anterior interbody fusion
performed by Burns

1934 Publication of the epoch-making article of
Mixter and Barr about the pathophysiology of
protruded disc and its clinical correlation

1935 Introduction of the measurement of Cobb by
Lipmann

1944 First posterior interbody fusion
performed by Briggs and Milligan

1945 Milwaukee brace
invented by Blount

1956 Treatment of spinal
tuberculosis with
antibiotics suggested
by Mukopadhaya

1962 Harrington instrumentation

1963 Introduction of pedicle screws by
Roy-Camille

1964 Chemonucleolysis invented by Lyman
Smith

1972 First CT image of the brain

1977 Introduction of external spinal fixation
by Magerl

1979 First MR image of the brain

1982 First artificial disc invented by Buttner
and Shellnack

1984 Cotrel-Dubousset instrumentation
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Key Articles

Breasted JH (1930) Edwin Smith Surgical Papyrus, in Facsimile and Hieroglyphic Trans-
literation and with Translation and Commentary, 2 Vols. Chicago: University of Chicago
Oriental Publications
The Edwin Smith Surgical Papyrus edited by the American Egyptologist Henry Breasted
encompasses different cases of spinal disorders. This medical text was probably written at
the beginning of the New Kingdom of Ancient Egypt (around 1550–1500 B.C.). Therefore,
these descriptions represent the earliest written witnesses of spinal disorders and its
treatment in history.

Luschka H (1858) Die Halbgelenke des menschlichen Körpers. Eine Monographie. Ber-
lin: Reimer
The Half Joints of the Human Body is a very important anatomical monograph written by
the German pathologist Hubert von Luschka (1820–1875) in 1858.
In this monograph, there are detailed and concise descriptions and illustrations of pro-
truded discs [64]. Luschka supposed that the disc protrusions were caused by a tumor like
cartilage outgrowth of the nucleus pulposus and called such protrusions anomalies of
intervertebral discs.

Cotunnius D (1764) De ischiade nervosa commentarius. Naples: Typographia Simoni-
ana
Another milestone of spinal surgery is represented by De ischiade nervosa commentaries
written by the Italian physician Domenico Felice Antonio Cotugno (1736–1822) in 1764.
This work encompasses for the first time in medical history a concise and precise differ-
entiation of hip or lower back derived back pain. Cotugno’s descriptions are very accurate
and so he was already able to distinguish a L5 radiculopathy from a L3/4 radiculopathy.
Thus, he became the first to describe the lumboradicular syndrome.

Pott P (1779) Remarks on that kind of the lower limbs, which is frequently found to
accompany a curvature of the spine, and is supposed to be caused by it. London: J. John-
son
This paper represents a further remarkable text on spinal surgery in respect to history.
This medical text was published by the English surgeon Sir Percival Pott (1714–1788) in
1779. In this work, he described the tuberculous paraplegia and considered the tubercu-
lous nature of the disease.

Mixter WJ, Barr JS (1934) Rupture of the intervertebral disc with involvement of the spi-
nal canal. N Engl J Med 211:210–215
This landmark paper is a key to the pathophysiology of the lumbar disc protrusion and
the correlation to sciatica.

Harrington PR (1962) Treatment of scoliosis and internal fixation by spine instrumenta-
tion. J Bone Jt Surg Am 44:591–610
Paul R. Harrington (1911–1980) has popularized spinal internal instrumentation for sco-
liosis. In this article, the Harrington spinal instrumentation system, a method of spine
curvature correction by means of a metal system of hooks and rods, is for the first time
extensively described. Harrington developed this surgical procedure after a poliomyelitis
epidemic, where thousands of people were affected. This article is a milestone in spinal
surgery because of the introduction of internal spinal instrumentation for deformity sur-
gery.

History of Spinal Disorders Chapter 1 33



References

1. Albee FH (1911) Transplantation of a portion of the tibia into the spine for Pott’s disease.
JAMA 57:885

2. Andrea R (1929) Über Knorpelknötchen am hinteren Ende im Bereiche des Spinalkanals.
Beitr Pathol Anat 82:464–474

3. Andry N (1741) L’Orthopédie ou l’Art de prévenir et de corriger dans les Enfants les dif-
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84. Méry J (1706) Observations faites sur un squelet dune jeune femme âgée de 16 ans, mort à
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2
Biomechanics of the Spine

Stephen Ferguson

Core Messages

✔ The main functions of the spine are to protect
the spinal cord, to provide mobility to the trunk
and to transfer loads from the head and trunk
to the pelvis

✔ The trabecular bone bears the majority of the
vertical compressive loads

✔ The vertebral endplate plays an important role
in mechanical load transfer and the transport of
nutrients

✔ Axial disc loads are borne by hydrostatic pres-
surization of the nucleus pulposus, resisted by
circumferential stresses in the anulus fibrosus

✔ Approximately 10 – 20 % of the total fluid vol-
ume of the disc is exchanged daily

✔ Combined axial compression, flexion and lat-
eral bending have been shown to cause disc
prolapse

✔ The facet joints guide and limit intersegmental
motion

✔ The ligaments surrounding the spine guide seg-
mental motion and contribute to the intrinsic sta-
bility of the spine by limiting excessive motion

✔ The spatial distribution of muscles determines
their function. Changes to segmental laxity
(“neutral zone”) are associated with trauma and
degeneration

✔ The highest loads on the spine are produced
during lifting

The Human Spine

The main functions are

to protect the spinal cord,

provide mobility

and transfer loads

The human spinal column is a complex structure composed of 24 individual ver-
tebrae plus the sacrum. The principal functions of the spine are to protect the spi-
nal cord, to provide mobility to the trunk and to transfer loads from the head and
trunk to the pelvis. By nature of a natural sagittal curvature and the relatively
flexible intervertebral discs interposed between semi-rigid vertebrae, the spinal
column is a compliant structure which can filter out shock and vibrations before
they reach the brain. The intrinsic, passive stability of the spine is provided by the
discs and surrounding ligamentous structures, and supplemented by the actions
of the spinal muscles. The seven intervertebral ligaments which span each pair of
adjacent vertebrae and the two synovial joints on each vertebra (facets or zygapo-
physeal joints) allow controlled, fully three-dimensional motion.

The spine can be divided

into four distinct regions

The spine can be divided into four distinct regions: cervical, thoracic, lumbar
and sacral. The cervical and lumbar spine are of greatest interest clinically, due to
the substantial loading and mobility of these regions and associated high inci-
dence of trauma and degeneration. The thoracic spine forms an integral part of
the ribcage and is much less mobile due to the inherent stiffness of this structure.
The sacral coccygeal region is formed by nine fused vertebrae, and articulates
with the left and right ilia at the sacroiliac joints to form the pelvis.
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The Motion Segment

The functional spinal unit is

the smallest spine segment

that exhibits the typical

mechanical characteristics

of the entire spine

The motion segment, or functional spinal unit, comprises two adjacent verte-
brae and the intervening soft tissues. With the exception of the C1 and C2 levels,
each motion segment consists of an anterior structure, forming the vertebral col-
umn, and a complex set of posterior and lateral structures. The C1 (atlas) and C2
(axis) vertebrae, in contrast, have a highly specialized geometry which allows for
an extremely wide range of motion at the junction of the head and neck (see
Chapter 30 ). The neural arch, consisting of the pedicles and laminae, together
with the vertebral body posterior wall form the spinal canal, a structurally signif-
icant protective structure around the spinal cord. The transverse and spinous
processes provide attachment points for the skeletal muscles, while the right and
left superior and inferior articular processes of the facet joints form natural kine-
matic constraints for the guidance of spinal intersegmental motion.

Anterior Structures

The Vertebral Body

The trabecular bone bears

the majority of the vertical

compressive loads

The principal biomechanical function of the vertebral body is to support the
compressive loads of the spine due to body weight and muscle forces. Corre-
spondingly, vertebral body dimensions increase from the cervical to lumbar
region. The architecture of the vertebral body comprises highly porous trabecu-
lar bone, but also a fairly dense and solid shell (Fig. 1). The shell is very thin
throughout, on average only 0.35–0.5 mm [82]. The trabecular bone bears the

Figure 1. Vertebral body architecture and load transfer

a In the healthy vertebral body, the majority of trabeculae are oriented in the principal direction of compressive loading,
with horizontal trabeculae linking and reinforcing the vertical trabecular columns. b With advancing osteoporosis, the
thickness of individual trabeculae decreases and there is a net loss of horizontal connectivity. The consequences are an
increased tendency for individual vertical trabeculae to buckle and collapse under compressive load, as the critical load
for buckling of a slender column is proportional to the cross-sectional area of the column and the stiffness of the material
and inversely proportional to the square of the unsupported length of the column. Therefore, architectural remodelings
which lead to a loss of horizontal connecting trabeculae are perhaps the most critical age-related changes to the verte-
bral body.
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Removal of the cortex

decreases vertebral strength

by only 10 %

majority of the vertical compressive loads, while the outer shell forms a rein-
forced structure which additionally resists torsion and shear. Previous analysis of
load sharing in the vertebral body has shown that the removal of the cortex
decreases vertebral strength by only 10% [52]. However, more recent computa-
tional analyses have proposed that the cortex and trabecular core share compres-
sive loading in an interdependent manner. The predominant orientation of indi-
vidual trabeculae is vertical, in line with the principal loading direction, while
adjoining horizontal trabeculae stabilize the vertical trabecular columns. Bone
loss associated with aging can lead to a loss of these horizontal tie elements,
which increases the effective length of the vertical structures and can facilitate
the failure of individual trabeculae by buckling.

The vertebral endplate is

important for mechanical

load transfer and nutrient

transport

The vertebral endplate forms a structural boundary between the interverte-
bral disc and the cancellous core of the vertebral body. Comprising a thin layer of
semi-porous subchondral bone, approximately 0.5 mm thick, the principal func-
tions of the endplate are to prevent extrusion of the disc into the porous vertebral
body, and to evenly distribute load to the vertebral body. With its dense cartilage
layer, the endplate also serves as a semi-permeable membrane, which allows the
transfer of water and solutes but prevents the loss of large proteoglycan mole-
cules from the disc. The local material properties of the endplate demonstrate a
significant spatial dependence [33]. The vertebral endplate and underlying tra-
becular bone together form a non-rigid system which demonstrates a significant
deflection under compressive loading of up to 0.5 mm [16].

The endplate is often

the initial site of vertebral

body failure

The endplate has been shown to be the weak link in maintaining vertebral
body integrity, especially with decreasing bone density, as the heterogeneity of
endplate strength is even more pronounced [34]. High compressive loads lead to
endplate failure due to pressurization of the nucleus pulposus. Nuclear material
is often extruded into the adjacent vertebral body following fracture (Schmorl’s
nodes), thereby establishing a possible source of pain from increased intraosse-
ous pressure [101].

Vertebral strengths as measured from in vitro tests on cadaver specimens
vary by an order of magnitude (0.8–15.0 kN) [38, 98] due to the natural variation
in bone density, bone architecture and vertebral body geometry. A strong corre-
lation has been demonstrated between quantitative volumetric bone density and

Vertebral body geometry,

bone density and

architecture determine

vertebral strength

vertebral strength [17]. Vertebral geometry and structure are equally important
factors for the determination of vertebral strength [21]. The increase in vertebral
strength caudally is mostly due to the increased vertebral body size, as bone den-
sity is fairly constant between individual vertebral levels. The fatigue life of ver-
tebrae, the resistance to failure during repetitive loading, depends on the magni-
tude and duration of compressive loading. Brinckmann et al. [15] have docu-
mented in vitro measurements of the fatigue strength of vertebrae which provide
valuable information for predicting fracture risks in vivo or specifying safe activ-
ity levels (Table 1).

Table 1. Fatigue strength of vertebrae

Probability of failure
Load Loading cycles

% VCS 10 100 500 1 000 5 000
30 – 40 % 0 % 0 % 21 % 21 % 36 %
40 – 50 % 0 38 56 56 67
50 – 60 % 0 45 64 82 91
60 – 70 % 8 62 76 84 92

VCS signifies vertebral compressive strength; 5 000 cycles of loading is approximately equiva-
lent to 2 weeks of athletic training
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The Intervertebral Disc

The disc consists

of a gel-like nucleus

surrounded by a

fiber-reinforced anulus

The intervertebral disc is the largest avascular structure of the body. The disc
transfers and distributes loading through the anterior column and limits motion
of the intervertebral joint. The disc must withstand significant compressive loads
from body weight and muscle activity, and bending and twisting forces generated
over the full range of spinal mobility. The disc is a specialized structure with a
heterogenous morphology consisting of an inner, gelatinous nucleus pulposus
and an outer, fibrous anulus. The nucleus pulposus consists of a hydrophilic, pro-
teoglycan rich gel in a loosely woven collagen gel. The nucleus is characterized by
its ability to bind water and swell. The anulus fibrosus is a lamellar structure,
consisting of 15–26 distinct concentric fibrocartilage layers with a criss-crossing
fiber structure [50]. The fiber orientation alternates in successive layers, with
fibers oriented at 30° from the mid-disc plane and 120° between adjacent fiber
layers. From the outside of the anulus to the inside, the concentration of Type I
collagen decreases and the concentration of Type II collagen increases [27], and
consequently there is a regional variation in the mechanical properties of the
anulus [12, 83].

Axial disc loads are borne by

hydrostatic pressurization

of the nucleus pulposus,

resisted by circumferential

stresses in the anulus

fibrosus

The intervertebral disc is loaded in a complex combination of compression,
bending, and torsion. Bending and torsion loads are resisted by the strong, ori-
ented fiber bundles of the anulus. In the healthy disc, axial loads are borne by
hydrostatic pressurization of the nucleus pulposus, resisted by circumferential
stresses in the anulus fibrosus [62], analogous to the function of a pneumatic tyre
(Fig. 2). Pressure within the nucleus is approximately 1.5 times the externally
applied load per unit disc area. As the nucleus is incompressible, the disc bulges
under load – approximately 1 mm for physiological loads [85] – and considerable
tensile stresses are generated in the anulus. The stress in the anulus fibers is
approximately 4–5 times the applied stress in the nucleus [31, 61, 62]. Anulus
fibers elongate by up to 9% during torsional loading, still well below the ultimate
elongation at failure of over 25% [84].

Approximately 10 – 20 % of

the disc’s total fluid volume

is exchanged daily, resembl-

ing a “pumping effect”

Compressive forces and pretension in the longitudinal ligaments and anulus
are balanced by an osmotic swelling pressure in the nucleus pulposus, which is
proportional to the concentration of the hydrophilic proteoglycans [93]. Prote-
oglycan content and disc hydration decreases with age due to degenerative pro-
cesses. The intrinsic swelling pressure of the unloaded disc is approximately
10 N/cm2, or 0.1 MPa [61]. As the applied force increases above this base level,
disc hydration decreases as water is expressed from the disc [3, 49] and conse-
quently the net concentration of proteoglycans increases. The rate of fluid
expression is slow, due to the low intrinsic permeability of the disc [39]. A net
daily fluid loss of approximately 10–20% has been observed in vivo and in vitro
[49, 55]. Fluid lost during daily loading is regained overnight during rest, and it
has been postulated that this diurnal fluid exchange is critical for disc nutrition
[30].

Disc degeneration substan-

tially alters load transfer

Disc degeneration have a profound effect on the mechanism of load transfer
through the disc. With degeneration, dehydration of the disc leads to a lower elas-
ticity and viscoelasticity. Loads are less evenly distributed, and the capacity of
the disc to store and dissipate energy decreases. Using the technique of “stress
profilometry”, it has been shown that age-related changes to the disc composi-
tion result in a shift of load from the nucleus to the anulus [5, 6, 56].

Degeneration exposes

the posterior anulus

to a high failure risk

Therefore, structural changes in the anulus and endplate with degeneration may
lead to a transfer of load from the nucleus to the posterior anulus, which may
cause pain and also lead to annular rupture.

The mechanical response of the disc to complex loading has been well
described. The response of the disc to compressive loading is characterized by
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Figure 2. Load transfer in normal and degenerated discs

a The intervertebral disc consists of a gel-like nucleus surrounded by a fibrous anulus consisting of multiple concentric
lamellae. b In the healthy disc (left), compressive loads create a hydrostatic pressure within the fluid nucleus, which is
resisted by tensile stresses in the outer anulus. c Loads are transferred through the central portion of the vertebral end-
plate, causing substantial deflection of the endplate (up to 0.5 mm). d, e In the degenerated disc, the nucleus is dehy-
drated and compressive loads are transferred by compressive stresses in the anulus. This may lead to an inward bulge of
the inner anulus, buckling of the lamellae and cleft formation. Endplate loading is reduced, as stresses are transferred
through the stronger and stiffer outer endplate region.

flexibility at low loads and increasing stiffness at high loads [98]. Likewise, a
highly non-linear response of disc to torsion has been demonstrated [28]. Very
little torque is required for the first 0–3° of rotation, between 3° and 12° rotation
there is a linear relationship between torque and rotation and failure of the anu-
lus fibers occurs at a rotation of more than 20° rotation. Measurements of inter-
nal disc displacements during loading [80, 90] have shown a characteristic The nucleus shifts depend-

ing on the loading directionmotion of the nucleus away from the direction of applied bending load (e.g. a
posterior shift of the anulus during flexion).

Nucleus extrusion usually

occurs posterolaterally

Nucleus pressurization and displacement results in heterogenous disc bulg-
ing. Posterior disc bulging is greatest during extension and least during flexion,
which has implications for the most common disc injury, disc protrusion and
prolapse. Extrusion of nuclear material through the anulus usually occurs in the
posterolateral direction and can cause compression of the dura and/or nerve
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Combined axial compres-

sion, flexion and lateral

bending have been shown

to cause disc prolapse

roots. It has been postulated that this is due to fatigue failure of inner anulus
fibers [2, 4], as fissures in the anulus allow the expression of nuclear material
under pressure. While pure compressive loading does not cause herniation, even
at high loads and with deliberate anulus injury [95], combined axial compres-
sion, flexion and lateral bending have been shown to cause prolapse [1], loading
conditions which result in a 50% increase in posterior anulus deformation and a
considerable increase in nuclear pressure.

Posterior Elements

The facet joints guide and

limit intersegmental motion

The posterior elements guide the motion of the spinal segments and limit the
extent of torsion and anterior-posterior shear. The transverse and spinous pro-
cesses are the important attachment points for the ligaments and muscles which
initiate spine motion and which are exceptionally important for stability [47].
The orientation of the facet joints is of key importance for guiding spinal kine-
matics. The three-dimensional orientation of the facets changes along the spine
from cervical to sacral [70] (Table 2). Facet asymmetry is observed in approxi-
mately 25% of the population [98] with an average asymmetry, or facet tropism,
of 10° (maximum 42°). With tropism, compression and shear loading can lead to
an induced rotation towards the more oblique facet [22].

Deformity of the facets

or fracture of the pars

interarticularis compromises

segmental shear resistance

Load sharing in the facet joints can be measured directly [25, 46] or calculated
with mechanical models [57, 81, 100]. In hyperextension, approximately 30% of
the load is transmitted through the facets. In an upright standing position,
10–20% of the compressive load is carried by the facets. The facet joints resist
more than 50% of the anterior shear load in a forward flexed position, up to
2000 N without failure [23]. If this capacity to resist shear is compromised (e.g. by
genetic malformation of the facets, stress fractures of the pars interarticularis,
facet trophism) an anterior slip of one vertebra relative to the adjacent vertebra
can occur. Isthmic spondylolisthesis is most prevalent at L5–S1 and degenerative
spondylolisthesis of L4–L5 has been associated with the predominantly sagittal
orientation of the facets [36]. During torsion, the contralateral facet is heavily
loaded. Facet joint pressure is also influenced by disc height: a 1-mm decrease in
disc height results in a 36% increase in facet pressure; a 4-mm decrease in disc
height a 61% increase in facet joint pressure [24]. Due to the innervation of the
facet capsules, there is therefore the potential for disc degeneration to cause facet
joint pain.

Table 2. Facet joint orientation and functional significance

Spine region Facet orientation Consequence

C1–C2 Parallel to transverse Substantial rotation

Cervical 45° to transverse Flexion, extension and rotation
Parallel to frontal Substantial motion coupling

Thoracic 60° to transverse Lateral bending, rotation
20° to frontal Limited flexion and extension

Lumbar 45° to frontal Flexion, extension and lateral bending
Parallel to sagittal Negligible rotation

Lumbosacral Oblique Substantial rotation

Data derived from [70]
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Ligaments of the Spine

The ligaments guide

segmental motion and

contribute to the intrinsic

stability by limiting

excessive motion

The ligaments surrounding the spine guide segmental motion and contribute to
the intrinsic stability of the spine by limiting excessive motion. There are two pri-
mary ligament systems in the spine, the intrasegmental and intersegmental sys-
tems. The intrasegmental system holds individual vertebrae together, and con-
sists of the ligamentum flavum, facet capsule, and interspinous and intertrans-
verse ligaments. The intersegmental system holds many vertebrae together and
includes the anterior and posterior longitudinal ligaments, and the supraspinous
ligaments. All ligaments except the ligamentum flavum have a high collagen con-
tent. The ligamentum flavum, connecting two adjacent neural arches, has a high
elastin content, is always under tension and pre-stresses the disc even in the neu-
tral position [26].

Ligament response to load

is non-linear: initially flexible

neutral zone and subsequent

stiffening

The properties of lumbar ligaments have been most extensively studied
(Table 3). Tensile properties have been reported for the ligamentum flavum
[26], anterior longitudinal and posterior longitudinal [88], inter- and supra-
spinous [97] and intertransverse ligaments [20]. The response to tensile load-
ing is typically non-linear, with an initial low stiffness neutral zone, an elastic
zone with a linear relationship between load and displacement, followed by a
plastic zone where permanent non-recoverable deformation of the ligament
occurs. The neutral zone plus the elastic zone represent the physiological
range of deformation. Physiological strain levels in ligaments have been
determined by conducting in vitro tests on cadaveric specimens, using
motion extents determined from radiographic in vivo measurements of spinal
motion [69]:

) flexion: supraspinous, 30%; interspinous, 27%; posterior longitudinal, 13%
) extension: anterior longitudinal, 13%
) rotation: capsular ligaments, 17%

The functional role of individual ligaments and the relative contribution of each
to overall segmental stability can be determined in vitro by repetitive loading
and sequential sectioning of individual anatomical structures [71]. During flex-

The ligaments resist

various spinal movements

ion, the ligamentum flavum, capsular ligaments and interspinous ligaments are
highly strained. During extension, the anterior longitudinal ligament is loaded.
During side bending, the contralateral transverse ligaments, the ligamentum fla-
vum and the capsular ligaments are tensioned, whereas rotation is resisted by the
capsular ligaments [69]. A larger relative distance between individual ligaments
and the rotation center of the intervertebral joint corresponds with a greater sta-
bilizing potential.

Table 3. Typical values for lumbar ligament strength and stiffness

Ligament Failure load (N) Failure strain (% elongation)

Anterior longitudinal 450 26 %
Posterior longitudinal 324 26 %
Ligamentum flavum 285 26 %
Interspinous 125 13 %
Supraspinous 150 32 %

Data derived from [20, 98]
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Motion Segment Stiffness

In vitro testing of cadaveric specimens has been performed to determine the
intrinsic functional stiffness of spinal motion segments. In general, the func-
tional stiffness is adapted to the loading which each spine segment experiences.

Degenerations and injury

alter spinal stiffness

Degeneration and/or injury can have a significant influence on stiffness. Typical
stiffness values are as follows [11, 54, 58, 68, 79]:

) cervical spine: lateral shear 33 N/mm, compression 1317 N/mm
) thoracic spine: lateral shear 100 N/mm, anterior posterior shear 900 N/mm,

compression 1250 N/mm
) lumbar spine: shear 100–200 N/mm; compression 600–700 N/mm
) sacroiliac joint: shear, 100–300 N/mm

Muscle forces can significantly alter the mechanical response of the spine. Com-
pressive preload leads to a significant stiffening of the spinal motion segment
[40].

Posterior elements

contribute significantly to

overall segmental stiffness

At the sacroiliac joint, coordinated activity of the pelvic, trunk and hip mus-
cles creates a medially oriented force which locks the articular surfaces of the
sacroiliac joints and the pubic symphysis, stiffening the pelvis [96]. The posterior
elements contribute significantly to the overall stiffness of the motion segment.
Removal of posterior elements in sequential testing in vitro produced a 1.7 times
increase in shear translation, a 2.1 times increase in bending displacement and a
2.7 times increase in torsion [54].

The spine is an elastic column, with enhanced stability due to the complex cur-
vature of the spine (kyphosis and lordosis), the support of the longitudinal liga-
ments, the elasticity of the ligamentum flavum, and most importantly the active
muscle forces. While cadaver spines have been shown to buckle with the applica-

Trunk muscles stabilize the

spine and redistribute loads

tion of very low vertical loads (20–40 N) [35], the extrinsic support provided by
trunk muscles stabilizes and redistributes loading on the spine and allows the
spine to withstand loads of several times body weight.

Muscles

The spatial distribution

of muscles determines

their function

The spatial distribution of muscles generally determines their function. The
trunk musculature can be divided functionally into extensors and flexors. The
main flexors are the abdominal muscles (rectus abdominis, internal and external
oblique, and transverse abdominal muscle) and the psoas muscles (Fig. 3).

The trunk musculature

can be divided functionally

into extensors and flexors

The main extensors are the sacrospinalis group, transversospinal group, and
short back muscle group (Fig. 4). Symmetric contraction of extensor muscles
produces extension of the spine, while asymmetric contraction induces lateral
bending or twisting [8]. The most superficial layer of trunk muscles on the poste-
rior and lateral walls are broad, connecting to the shoulder blades, head and
upper extremities (rhomboids, latissimus dorsi, pectoralis, trapezius) (Fig. 5).
Some lower trunk muscles connect to a strong superficial fascial sheet, the lum-
bodorsal fascia, which is a tensile-bearing structure attached to the upper bor-
ders of the pelvis (e.g. transversus abdominis) [13]. The iliopsoas muscle origi-
nates on the anterior aspect of the lumbar spine and passes over the hip joint to
the inside of the femur. Vertebral muscle is composed of 50–60% type I muscle
fibers, the so-called “slow twitch”, fatigue-resistant muscle fibers found in most
postural muscles [9].
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a b

c d

Figure 3. Anterior spinal muscles

a Abdominal muscles with a superficial layer, b intermediate layer, c deep layer. d The psoas muscle is an important stabi-
lizer of the spine.
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a

Figure 4. Deep muscles of the back

a The deep muscles of the back can be separated into the sacrospinalis (erector spinae) group (left side), the transverso-
spinal group (right side), and the short back muscles group. The sacrospinalis group consists of the iliocostalis muscles,
longissimus muscles and spinalis muscles. The transversospinal group consists of semispinalis muscles, multifidus mus-
cles and the rotator muscles. The short back muscle group consists of the intertransverse and interspinal muscles.
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b c

Figure 4. (Cont.)

b, c The spatial distribution of the deep spinal muscles determines their function. c The suboccipital muscles consist of
rectus capitis posterior major muscle, rectus capitis posterior minor muscle, oblique capitis superior muscles, and
oblique capitis inferior muscle.
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Figure 5. Superficial muscles of the back

The geometric relationship

between the muscle line

of action and the inter-

vertebral center of rotation

determines the functional

potential

Spinal muscle activity can be determined by direct electromyographic measure-
ment or by using mathematical models of the spine, which include a detailed
description of the origin and insertion points of muscles, muscle cross sections,
muscle fiber length and muscle type. Of particular importance is the geometric
relationship of the muscle line of action to the rotation center of the joint in con-
sideration (the moment arm: larger moment arm → greater potential to produce
torque). Moment arms for cervical and lumbar spine muscles have been deter-
mined from MR and CT images [53, 64, 89, 91]. Detailed descriptions of the anat-
omy of spinal muscles have been published, which include the variation in
moment arm length resulting from changing posture [14, 48, 65, 92]. Owing to
the large number of muscles, the inherent redundancy, and the possibility for
muscular co-contraction, the calculation of muscle activity with mathematical
models often requires the use of additional formulae which consider optimal
muscle stress levels or maximum contraction forces to obtain a unique solution.

Spinal Stability Through Muscular Activity

Spine stability is enhanced

by the activity of the trans-

verse abdominis, multifidus

and psoas muscles

The muscular system can also be divided into three functional groups [10]:

) local stabilizers
) global stabilizers
) global mobilizers
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Figure 6. Interplay of anterior and posterior spinal muscles

The transverse abdominis, the deep lumbar multifidus and the psoas are among the local stabilizing muscles best suited
to control the neutral zone in the lumbar spine. The transverse abdominis attaches directly to the lumbar spine and stiff-
ens the spine by creating an extensor moment on the lumbar spine and by creating pressure on the anterior aspect of
the spine (intra-abdominal pressure), resisting collapse of the natural curvature of the spine. The multifidus attaches
directly to each segment of the lumbar spine and intrinsically stiffens the intervertebral joint by direct contraction. The
psoas’ prime fiber orientation on the anterior aspect of the vertebrae facilitates spinal stabilization.

Local stabilizers (Fig. 6) attach directly to the lumbar spine, usually spanning sin-
gle spinal segments, and control the neutral position of the intervertebral joint.
Examples of local stabilizers are the transverse abdominis, the deep lumbar mul-
tifidus and the psoas. Local stabilizers operate at low loads and do not induce
motion, but rather serve to stiffen the spinal segment and control motion. A dys-
function of the local stabilizer can result in poor segmental control and pain due
to abnormal motion. The global muscle system comprises the larger torque-pro-
ducing muscles which contract concentrically or eccentrically to produce and
control movement. Contraction of these muscles can also enhance spinal rigidity.
Examples of global muscles are the oblique abdominis, rectus abdominus and
erector spinae (spinalis, longissimus and iliocostalis). Although global muscles
are traditionally targeted for treating patients with low back pain, there is com-

Training of local stabilizers

improves spinal stability

pelling evidence that retraining of the local stability system may be most benefi-
cial. Clinical instability has been defined as a significant decrease in the ability to
maintain the intervertebral neutral zone within physiological limits [67], and the
muscles best suited to control the neutral zone in the lumbar spine are the trans-
verse abdominis, the deep lumbar multifidus and the psoas [41]. The transverse
abdominis attaches directly to the lumbar spine via the lumbodorsal fascia and
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stiffens the spine by inducing an extensor moment on the lumbar spine and by
creating pressure on the anterior aspect of the spine (intra-abdominal pressure),
resisting collapse of the natural curvature of the spine. The multifidus attaches
directly to each segment of the lumbar spine and intrinsically stiffens the inter-

The psoas is an important

spine stabilizer

vertebral joint by direct contraction. The psoas has been described functionally
as a hip flexor. However, the presence of multiple fascicles of the psoas attaching
to the individual lumbar vertebrae, and the predominant fiber orientation on
the anterior aspect of the vertebrae, facilitate its function as a spine stabilizer
[74].

Muscle Activity During Flexion and Extension

Flexion is achieved through

the forward weight shift of

the upper body and

controlled by compensatory

activity of the extensor

muscles

Due to the nearly oblique configuration of thoracic facets and the intrinsic stiff-
ness of the ribcage, the majority of spine flexion and extension occurs in the lum-
bar spine, augmented by pelvic tilt [19, 29]. Flexion is initiated by the abdominal
muscles and the vertebral portion of the psoas. Additional flexion is achieved
through the weight shift of the upper body, which induces an increasing forward
bending moment, and is controlled by compensatory activity of the extensor
muscles. Posterior hip muscles control the forward tilting of the pelvis. In full
flexion, it has been proposed that the forward bending moment is counteracted
passively by the elasticity of the muscles and posterior ligaments of the spine,
which are initially slack but progressively tightened as the spine flexes [29]. How-
ever, more recent studies with measurements of muscle activity have shown that
deep lateral lumbar erector spinae muscles are still active in full flexion [7], per-
haps for stabilization. During hyperextension from upright, extensor muscles
are active to initiate the motion, but as extension progresses, the shifting body
weight is sufficient to produce a backward bending moment which is modulated
by increasing activity of the abdominal muscles.

Muscle Activity During Lateral Flexion and Rotation

Lateral flexion of the trunk can occur in the lumbar and thoracic spine. The spi-
notransversal and transversospinal systems of the erector spinae muscles and the
abdominal muscles are active during lateral bending. Ipsilateral contractions ini-
tiate the motion and contralateral contractions control the progression of bend-
ing [8]. During axial rotation, the back and abdominal muscles are active, and
both ipsilateral and contralateral contractions contribute to the motion. High
degrees of coactivation have been measured during axial rotation, perhaps due to
the suboptimal muscle lines of action for this motion [44].

Spine Kinematics

The sum of limited motion

at each segment creates

considerable spinal mobility

in all planes

The spine provides mobility to the trunk. Only limited movements are possible
between adjacent vertebrae, but the sum of these movements amounts to consid-
erable spinal mobility in all anatomical planes. The range of motion differs at var-
ious levels of the spine and depends on the structural properties of the disc and
ligaments and the orientation of the facet joints. Motion at the intervertebral
joint has six degrees of freedom: rotation about and translation along the infe-
rior-superior, medial-lateral and anterior-posterior axis (Fig. 7a). Spinal motion
is often a complex, combined motion of simultaneous flexion or extension, side
bending and rotation.
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a b

Figure 7. Motion characteristics of the spinal segment

a The subaxial motion segments exhibit six degrees of freedom (3 translations, 3 rotations). Spinal motion is often a complex
combination of translations and rotations. b The instantaneous helical axis of motion can be regarded as a screw motion.

Range of Motion

Spinal kinematics and spinal range of motion can be determined in vivo using,
e.g. surface markers, goniometers, pantographs, or computerized digitizers.
While these methods are adequate for postural measurements, they lack the
accuracy required for intersegmental motion measurement [51, 76]. More reli-
able in vivo radiographic and in vitro cadaveric measurements have been per-
formed to determine the average range of motion for various levels of the spine Intersegmental motion

is site specific[43, 72, 73]. Intersegmental range of motion is site specific, determined by local
anatomical geometry and functional demands (Fig. 8).

Mechanical Response of the Spinal Motion Segment

For small loads displacements

are relatively large due to

ligament and disc laxity

about the neutral position

A common method for measuring and expressing the complex structural proper-
ties and motion of the spinal segment is through three-dimensional flexibility
testing. Flexibility is the ability of a structure to deform under the application of
a load. The mechanical response of the spine is typically determined by applying
pure bending moments, with or without the addition of an axial compressive pre-
load, in each of the three physiological directions of flexion-extension, lateral
bending and axial rotation, and recording the overall principal and coupled
motion of the specimen. Measuring the flexibility of individual functional spinal
units or multisegment spine segments, i.e. the total motion achieved for a given
load, is somewhat analogous to the clinical concepts of range of motion and spi-

The load-displacement

curve of the spine

is non-linear

nal instability. The load-displacement curve of the spine is generally non-linear.
For small loads, displacements are relatively large due to ligament and interverte-
bral disc laxity about the neutral position of the spine. At higher loads, the resis-
tance to deformation increases substantially. The overall motion in the low load
region of the response curve has been termed the neutral zone and is a quantita-
tive measure of joint laxity around the neutral position. The displacement
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Figure 8. Average segmental range
of spinal motion

Intersegmental range of motion is site specific,
determined by local anatomical geometry and
functional demands. The extensive mobility of the
cervical spine in all anatomical directions is appar-
ent. The specific geometry of the C1–C2 joint can
be recognized by the substantial rotation at this
level. Motion in the thoracic spine is limited by the
stiffening effect of the ribcage. In the lumbar
spine, substantial flexion-extension motion is pos-
sible, but rotation is limited by the geometry of
the facet joints. Summarized from [98].

beyond the neutral zone and up to the maximum physiological limit has been
termed the elastic zone. The sum of the neutral zone and elastic zone provides
the total physiological range of motion of the spine. Flexibility coefficients for the
spine reported in the literature are generally calculated from the elastic zone of
the response curve (Table 4).

Changes to the neutral zone

are associated with trauma

and degeneration and

resemble clinical instability

The neutral zone is a parameter that correlates well with other signs indicative
of instability of the spine. The extent of the neutral zone increases following disc
degeneration [98], surgical injury (e.g. facetectomy), high speed trauma [66] and
repetitive cyclic loading [45]. Together, the neutral zone and total range of
motion provide a quantitative measure of normal segmental motion, hypermo-
bility due to injury or degeneration, or the relative merits of stabilizing implants
or interventions.

Table 4. Typical average flexibility coefficients of the functional spinal unit

Region Flexion Extension Lateral bending Rotation

Cervical 2.33°/Nm 1.37 1.47 0.86
Thoracic 0.45 0.36 0.36 0.40
Lumbar 0.74 0.48 0.57 0.20
Lumbosacral 1.00 0.78 0.13 0.55

Data derived from in vitro testing [11, 54, 58, 68, 79, 86, 87]
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Figure 9. Typical instant center of lumbar rotation

For planar motion, there is a unique instant center of rotation which fully describes the motion between two adjacent
vertebrae. For the healthy spine segment, the center of rotation generally lies within the intervertebral disc. With degen-
eration, segmental instability can result in a significant alteration of the motion patterns of the spine. Changes to the
instant center of rotation may have consequences for the loading of peripheral structures of the spine. As determined
from in vitro and in vivo spinal motion analysis studies [41, 69, 70, 98].

There is a unique center of

rotation for every interseg-

mental motion

Quantitative measurements of the extent of motion only partially describe spinal
kinematics. A common simplification for the analysis of spinal kinematics is to con-
sider the motion only in a single principal plane (e.g. flexion-extension). For planar
motion, there is a unique instant center of rotation which fully describes the
motion between two adjacent vertebrae (Fig. 9). The instant center of rotation gen-
erally lies within the disc space for healthy spines, but with disc degeneration the
center of rotation pathway can be significantly altered [32]. With improvement in
dynamic, in vivo methods for measuring spinal kinematics, a detailed analysis of
the instant center of rotation and its variations may provide a tool for diagnosing
particular pathological conditions of the spine. Furthermore, a complete knowl-
edge of the normal motion characteristics of a spine segment is of crucial impor-
tance for the design of next-generation functional spinal implants such as disc pros-
theses. A more complete three-dimensional description of the relative motion
between two vertebrae is offered by the helical axis of motion (Fig. 7b). Any discrete
motion in three-dimensional space can be expressed as a simple screw motion; the
motion consists of a rotation about and a translation along a single unique axis in
space. Although more complex, the helical axis of motion allows a three-dimen-
sional visualization of the unique motion coupling in spinal kinematics [42].

Clinical Instability

Spinal instability

is not well defined

Clinical instability has been defined as an abnormal response of the spine to
applied loads and is often characterized by excessive motion of spinal segments.
The biomechanical definition of spinal instability has been further refined to
encompass changes to the neutral zone, implying that motion extremes alone are
not indicative of pathology. The abnormal response of the spine generally reflects
incompetence of the passive and active structures (e.g. ligaments, muscles) that
hold the spine in a stable position.
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Definition of spinal

instability remains a matter

of debate

The diagnosis of spinal stability remains an important yet controversial task for
the practitioner, as many treatment decisions are based on this assessment. How-
ever, an objective and clinically relevant definition of spine instability remains
elusive due to the multi-faceted nature and etiology of instability.

Classification systems have been proposed which are designed to categorize
instability of the cervical, thoracic and lumbar spine resulting from traumatic
injuries [98], but these do not take into account other causes of instability such as
idiopathic disc and facet degeneration. Clinical instability as a definition can be
applied equally well to soft-tissue pathologies which impart a laxity to the spine.

There is no reliable

imaging based definition

of spinal instability

Diagnosis of spinal instability is routinely based on established imaging meth-
ods. Plain radiography is perhaps the most commonly used diagnostic tool but
this has often questionable value and provides only indirect evidence of spinal
instability. In many cases instability is only recognizable using functional radiog-
raphy (flexion/extension) but this technique has limited reproducibility. Func-
tional computed tomography offers a higher sensitivity than radiography for
identifying abnormal motion potentially causing or aggravating a neurological
deficit. MR imaging facilitates the identification of soft tissue abnormalities asso-
ciated with instability. Nevertheless, there is no single imaging modality which
discriminates with sufficient certainty “normal” and “abnormal” motion, there-
fore raising questions about the value of imaging-based methods for the diagno-
sis of instability.

Instability cannot be

defined by imaging studies

Investigation using multiple imaging techniques likely provides the most
objective assessment of instability. However, a significant barrier to reliable diag-
nosis is the non-specific nature of back pain and the uncertain relationship
between instability and pain. Most researchers therefore define instability by
clinical terms, rather than mechanical [75]. In the absence of a universally
accepted definition of spinal instability we concur with the working definition of
White and Panjabi [98] (Table 5):

Table 5. Definition of spinal instability

Clinical instability is the loss of the ability of the spine under physiologic loads to main-
tain its pattern of displacement so that there is no initial or additional neurologic deficit,
no major deformity, and no incapacitating pain.

Kinetics (Spinal Loading)

Spinal loads are generated

by a combination of body

weight, muscle activity,

pre-tension in ligaments

and external forces

Loads on the spine are generated by a combination of body weight, muscle activ-
ity, pre-tension in ligaments and external forces. Simplified calculations of spinal
loading are possible using force diagrams (“free-body diagram”) for coplanar
forces. Direct measurements of spinal loading are not possible, but can be
inferred from, e.g. measurements of internal disc pressure [61] or forces acting
on internal spinal fixation hardware [78]. Alternatively, the electromyographic
activity of trunk muscles can be measured and correlated with calculated values
for muscle contraction forces. This muscle activity data can then be included in
mathematical models to estimate total spinal loading for a variety of physical
activities.

Static Loading

Posture influences

the loading of the spine

Posture influences the loading of the spine. In addition to the weight of the trunk,
the spine is further compressed by the active postural muscles during standing.
The center of gravity line of the body generally falls ahead of the lumbar spine,
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Table 6. Typical spinal loads

Activity Load on L3 disc (N)

Supine, awake 250
Supine, traction 0
Supine, arm exercises 500
Upright sitting without support 700
Sitting with lumbar support, 110° incline 400
Standing at ease 500
Coughing 600
Forward bend 20° 600
Forward bend 40° 1 000
Forward bend 20° with 20 kg 1 200
Forward bend, 20° and rotated 20° with 10 kg 2 100
Sit up exercises 1 200
Lifting 10 kg, back straight, knees bent 1 700
Lifting 10 kg, back bent 1 900
Holding 5 kg, arms extended 1 900

Data derived from in vivo pressure measurements from over 100 subjects [63]

which creates a net forward bending moment. This moment must be counter-
acted by elastic ligament forces muscle activity in the erector muscles. Abdomi-
nal muscles and the psoas are active due to the natural postural sway during
standing [59]. Pelvic tilt can alter spine loading. A backward tilt of the pelvis
decreases the sacral angle and flattens the lumbar spine, the thoracic spine
extends slightly to compensate changes to the body’s center of gravity and muscle
exertion is consequently decreased. Conversely, a forward tilt of pelvis increases
the sacral angle, accentuating lumbar lordosis and thoracic kyphosis, and
increasing muscle forces.

In vivo spinal loading

during daily activities

can be derived from disc

pressure measurements

The loads on the anterior column during a variety of static postures have been
derived from in vivo disc pressure measurements [60]. Employing a mathemati-
cal relationship between applied spinal compressive loading and disc pressure
established in carefully controlled in vitro experiments, Nachemson et al. [63]
have published extensive data on spinal loading (Table 6). In subsequent experi-
ments, Wilke et al. [99] have provided additional data demonstrating similar disc
pressures for lying prone and lying on the side, and, paradoxically, lower disc
pressures for slouched sitting compared to sitting upright. Incidentally, this
study also confirmed the intrinsic disc swelling and uptake of fluid overnight
during rest.

Loads During Lifting

The highest loads

on the spine are produced

during lifting

The highest loads on the spine are produced during lifting. Consequently this is
the subject of considerable research in the fields of biomechanics and ergonom-
ics. Loads during lifting can be extremely high and may approach the failure load
of single vertebrae (5000–8000 N).

Lifting forces are directly

influenced by the weight

of the object, spinal posture,

lifting speed and lifting

technique

As previously mentioned, the vertebral endplate is the weak link and often
will fail before the intervertebral disc is compromised. Microdamage near the
endplate due to repeated application of high loads [37] is a possible consequence
of heavy lifting, and a decreased capacity for vertebral loading has been observed
following this initial yielding of the vertebral body [77]. Lifting forces are
directly influenced by the weight of the object being lifted, the size of object, spi-
nal posture, lifting speed, and lifting technique, although no significant differ-
ences have been shown between spine compression and shear forces for stoop or
squat lifting techniques [94] (Fig. 10). It is possible that other mechanisms to
reduce the load on the spine, such as intra-abdominal pressure or muscular co-
contraction, may somewhat compensate for poor lifting technique.
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Figure 10. Influence of lifting technique on spinal forces

a–c Three different methods of lifting an object are shown in the diagrams, and the forces a lumbar disc experiences in
each case are calculated. The disc is subject to three forces, as depicted in the diagrams: the force exerted by the upper
body weight, the force exerted by the weight of the object and the force produced by the erector spinae muscles. The
upper body weight and the weight of the object act in front of the disc and therefore create forward bending moments
about the disc. To counteract these bending moments, the erector spinae muscles contract to create a balancing exten-
sion moment about the disc. Bending moments are a product of the force being applied and the distance at which the
force is applied. Consequently, an increase in the distance between the object being lifted and the spine increases the
forward bending moment, and furthermore the limited distance between the disc and the line of action of the erector
spinae muscles necessitates a correspondingly high force in the muscles to produce the necessary balancing extension
moment. Three examples are shown below for possible lifting postures, with a calculation of the net bending moments
induced by the weight of the torso and the object being lifted, the required muscle force to counterbalance this and the
resulting load which the disc experiences. b Lifting with a straight back and bringing the object closer to the body cen-
terline has obvious benefits for minimizing spinal loading. c On the other hand, reaching too far for the object can induce
substantially higher spinal loading.

a: b: c:
Total forward bending moment
= 245 Nm

Total forward bending moment
= 195 Nm

Total forward bending moment
= 275 Nm

Force produced by erector spinae
muscles = 4 900 N

Force produced by erector spinae
muscles = 3 900 N

Force produced by erector spinae
muscles = 5 500 N

Total reaction force on disc = 5 574 N Total reaction force on disc = 4 578 N Total reaction force on disc = 6 172 N

Dynamic Loading

Motion increases muscle activity and spinal loads considerably in comparison to
static and quasistatic postures. Inertial forces generated during the acceleration
and deceleration of the trunk and extremities can add substantially to the overall
load transferred along the spinal column. For example, the loads on the lumbar
spine are approximately 0.2–2.5 times body weight during walking [18]. With a
higher walking cadence, loading increases. Posture during motion also influ-
ences spinal loading. The greater the degree of forward flexion of the trunk dur-
ing walking, the larger the muscle forces which are required to maintain the posi-
tion of the trunk and consequently compressive forces at the individual discs
increase.
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Table 7. Glossary of biomechanical terms

Force: A directed interaction between two objects that tends to change the physical state of both (i.e. accelera-
tion or internal stresses). Force has both direction and magnitude.

Moment: A turning force produced by a linear force acting at a distance from a given rotation axis. The concept of
the moment arm, this characteristic distance, is key to the operation of the lever and most other simple
machines capable of generating a mechanical advantage.

Stress: The internal distribution and intensity of forces within a body that balance and react to the externally
applied loads. Stress is expressed in force per unit area and is calculated on the basis of the original
dimensions of the cross section of the specimen.

Deformation: The change in shape or form in a material caused by stress or force.

Strain: Deformation of a physical body under the action of applied forces. Strain is expressed as a change in size
and/or shape relative to the original undeformed state.

Stiffness: The resistance of an elastic body to deflection by an applied force. A stiff material is difficult to stretch or
bend.

Young’s
modulus:

Young’s modulus, or the tensile elastic modulus, is a parameter that reflects the resistance of a material
to elongation. The higher the Young’s modulus, the larger the force needed to deform the material.

Elasticity: The theory of elasticity describes how a solid object moves and deforms in response to external stress.
Elasticity expresses the tendency of a body to return to its original shape after it has been stretched or
compressed.

Recapitulation

Human spine. The main functions of the spine are to
protect the spinal cord, to provide mobility to the
trunk and to transfer loads from the head and trunk
to the pelvis. The spine can be divided into four dis-

tinct functional regions: cervical, thoracic, lumbar
and sacral. The cervical and lumbar regions are of
greatest interest clinically, due to the substantial
loading and mobility of these regions and the associ-
ated high incidence of trauma and degeneration.

Motion segment. The motion segment, or func-

tional spinal unit, comprises two adjacent verte-
brae and the intervening soft tissues. Each motion
segment consists of an anterior structure, forming
the vertebral column, and a complex set of posteri-
or and lateral structures. The anterior column sup-
ports compressive spinal loads, while the posterior

elements control spinal motion, protect the spinal
cord and provide attachment points for muscles
and ligaments.

Vertebral body. The principal biomechanical func-
tion of the vertebral body is to support the com-

pressive loads of the spine due to body weight and
muscle forces. The vertebral body comprises a
highly porous trabecular core and a dense, solid
shell. The trabecular bone bears the majority of the
vertical compressive loads, while the outer shell
forms a reinforced structure which additionally re-
sists torsion and shear. The vertebral endplate

plays an important role in load transfer and is
often the initial site of vertebral body failure. A
strong correlation has been demonstrated be-
tween quantitative volumetric bone density and
vertebral strength. Vertebral geometry and struc-
ture are equally important factors for the determi-
nation of vertebral strength.

Intervertebral disc. The intervertebral disc is the
largest avascular structure of the body. The disc
consists of a gel-like nucleus surrounded by a
strong, fiber-reinforced anulus. Axial disc loads are
borne by hydrostatic pressurization of the nucleus
pulposus, resisted by circumferential stresses in the
anulus fibrosus. Interstitial fluid is expressed from
the disc during loading. Approximately 10 – 20 % of
the total fluid volume of the disc is exchanged daily.
Disc degeneration substantially alters the mecha-
nism of load transfer. Combined axial compression,
flexion and lateral bending have been shown to
cause disc prolapse.

Posterior elements. The facet joints guide and limit

intersegmental motion. Deformity of the facets or
fracture of the pars interarticularis may compro-
mise segmental shear resistance and can lead to
spondylolisthesis.

Spinal ligaments. The ligaments surrounding the
spine guide segmental motion and contribute to

Biomechanics of the Spine Chapter 2 61



the intrinsic stability of the spine by limiting exces-
sive motion. Ligament response to load is non-lin-
ear, with an initially flexible neutral zone and a sub-
sequent stiffening under increasing load. Physio-
logical strain levels in the ligaments approach 30 %
total elongation.

Muscles. The spatial distribution of muscles deter-
mines their function. The trunk musculature can be
divided functionally into extensors and flexors, or
local stabilizers and global mobilizers. The geo-
metric relationship between the muscle line of
action and the intervertebral center of rotation
determines the functional potential of a muscle.

Spine kinematics. Spinal motion is often a com-
plex, combined motion of simultaneous flexion/
extension, side bending and rotation. The sum of
limited motion at each motion segment creates
considerable spinal mobility in all planes.

Motion segment mechanical response. The func-
tional stiffness of the motion segment is adapted to
the loading which each spine segment experi-
ences. Compressive spine loads (i.e. muscle loads)

stiffen the spine segment. Posterior elements con-

tribute significantly to overall segmental stiffness.

The extrinsic support provided by trunk muscles
stabilizes and redistributes loading on the spine
and allows the spine to withstand loads of several
times body weight without buckling. For small
loads, displacements are relatively large due to liga-
ment and disc laxity about the neutral position
(neutral zone). At higher loads, resistance increases
substantially. Changes to the neutral zone are asso-
ciated with trauma and degeneration (i.e. “clinical
instability”). There is a unique center of rotation for
each intersegmental motion.

Spinal loading. Spinal loads are generated by a
combination of body weight, muscle activity, pre-
tension in ligaments and external forces. In vivo spi-
nal loading during daily activities can be derived
from disc pressure measurements. The highest

loads on the spine are produced during lifting. Lift-
ing forces are directly influenced by the weight of
the object, spinal posture, lifting speed and lifting
technique. Inertial effects during dynamic activities
substantially increase spinal loading.

Key Articles

Nachemson A, Morris JM (1964) In vivo measurements of intradiscal pressure: discome-
try, a method for the determination of pressure in the lower lumbar discs. J Bone Joint
Surg Am 46:1077–1092
A report on the first series of in vivo disc pressure measurements conducted in 19
patients. This study provided new insight into the loading of the spinal column during
daily activities. Study subjects covered a variety of gender, body types, and medical con-
ditions. All subjects had normal discs, as determined from discogram. All subjects expe-
rienced back pain; some had already undergone fusion. A good correlation was shown
between the body weight of segments above disc and the calculated load on disc. A quali-
tative relationship was found between the posture and disc loading (e.g. lowest for lying
prone, higher for standing and highest for sitting slouched). Loads of 100–175 kg were
reported for lower lumbar discs when seated. Standing loads ranged from 90 to 120 kg.
This study laid the groundwork for a broad range of future studies on disc mechanics, spi-
nal loading, and ergonomics.

White AA, Panjabi MM (1990) Clinical biomechanics of the spine, 2nd edn. Philadel-
phia: J.B. Lippincott Company
In an extensive research career, Prof. Manohar M. Panjabi has contributed several land-
mark publications on the topic of spinal biomechanics. This volume, co-authored with
Prof. Augustus A. White, must be considered the most important single-source reference
on the topic. Combining orthopedic surgery with biomechanical engineering, this refer-
ence and teaching text reviews and analyzes the clinical and scientific data on the
mechanics of the human spine. The text covers all aspects of the physical and functional
properties of the spine, kinematics and kinetics, scoliosis, trauma, clinical instability, the
mechanics of pain, functional bracing and surgical management of the spine. Although
our knowledge of the latter topic has progressed since the publication of this volume, the
book as a whole remains timeless.
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Panjabi MM (1992) The stabilizing system of the spine. Part I: Function, dysfunction,
adaptation and enhancement. J Spinal Disord 5:383–389

Panjabi MM (1992) The stabilizing system of the spine. Part II: Neutral zone and insta-
bility hypothesis. J Spinal Disord 5:390–396
The first paper presents the conceptual basis for the assertion that the spinal stabilizing
system consists of three subsystems. Passive stability is provided by the vertebrae, discs
and ligaments. Active stability is provided by the muscles and tendons surrounding the
spinal column. The nerves and central nervous system provide the necessary control and
feedback systems to provide stability. Dysfunction of any of these three systems can lead
to immediate or long term response which compromise stability and may cause pain. The
second paper describes the neutral zone of intervertebral motion, around which little
resistance is offered by the passive stabilizing components of the spine. Panjabi presents
evidence for the correlation between the neutral zone with other parameters indicative of
spinal instability. The clinical importance of the neutral zone is outlined, as are the influ-
ence of injury and pathology on the neutral zone and the compensatory mechanisms
which are employed to maintain the neutral zone within certain physiological thresholds.
Together, these two papers present a thorough definition of the concept of clinical insta-
bility and provide the context for interpreting the effectiveness of current spinal stabiliza-
tion methods.

Pope MH, Frymoyer JW, Krag MH (1992) Diagnosing instability. Clin Orthop Relat Res
279:60–67
This review paper summarizes the problems associated with diagnosing clinical instabil-
ity. The various definitions of instability are reviewed and preference is given to the defi-
nition of instability as a loss of stiffness. The authors emphasize that roentgenographic
changes, particularly those associated with degeneration, have no relationship to insta-
bility. Various imaging methods are compared and contrasted, including multiple roent-
genographic images and stereoroentgenography. Further kinematic measurement tech-
niques employing kinematic frames attached directly to external fixation techniques are
cited as promising for the fidelity of the data they may provide. The limitations of a purely
mechanical definition of clinical instability are discussed.
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3
Spinal Instrumentation

Daniel Haschtmann, Stephen J. Ferguson

Core Messages

✔ Spinal instrumentation is usually combined
with spinal fusion

✔ The type of instrumentation and the surgical
approach should follow the degree of instabil-
ity

✔ Consolidated fusion may relieve the implant
from stress

✔ Implant failure is a result of instant overload or
of cyclic loading (fatigue)

✔ If fusion is delayed and/or the wrong implants
are chosen, instrumentation will ultimately fail

✔ Spinal instrumentation should provide early
and safe mobilization of the patient

✔ For achieving bony fusion sufficient segmental
stability and appropriate load sharing are
essential

✔ Absolute stability may interfere with fracture
healing due to stress-shielding of the bone
graft

✔ Rigid (multi-)segmental instrumentation may
cause adjacent segment overload

Goals of Spinal Instrumentation

Knowledge of biomechanical

principles reduces

the rate of implant failure

and non-union

Spinal instrumentation basically means the implantation of more or less rigid
metallic or non-metallic devices which are attached to the spine. These devices
function to provide spinal stability and thus facilitate bone healing leading to spi-
nal fusion (spondylodesis). Fundamental biomechanical knowledge and its
application serves to improve the performance of the individual spine surgeon
with respect to the rate of bony fusion, implant failure or degree of deformity cor-
rection. However, biomechanics is inherently linked with (mechano-)biology.
And there is still an incomplete understanding of spinal biomechanics and even
more so of the underlying biology. Moreover, apparently advantageous biome-
chanical concepts do not necessarily lead to a better patient outcome.

While a myriad of spinal stabilization devices and fusion techniques are avail-
able to the surgeon today, there are a concise number of underlying fundamental
principles. Indeed, whole volumes have been written about the definition and
assessment of spinal instability and the biomechanics of spinal stabilization [11,
103]. The reader is encouraged to explore these resources for a more in-depth
study of this subject and for an interesting historical perspective of chronological
implant development, from the Harrington rod [40] to the first external segmen-
tal instrumentation systems by Magerl in 1977 [55], followed by the “fixateur
interne” which was developed by Kluger and Dick [27], and the CD (Cotrel/
Dubousset) system [20]. A milestone in the history of spine research was the
introduction of universal concepts for the biomechanical testing of spinal
implants by Manohar M. Panjabi, taking into consideration three major aspects
[65]:
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Key properties are material

strength, stability and

fatigue resistance

) implant strength (failure load)
) fatigue (longevity under cyclic loading)
) ability to restore spinal stability

However, in vitro testing for primary implant stability usually comprises non-
destructive testing protocols with only a few cycles, and therefore takes into
account neither the effect of repetitive loading (fatigue) nor the biological host
reaction.

Adapt implant and

instrumentation technique

to the individual case

Each spinal pathology which is intended to be treated with a stabilizing surgi-
cal procedure has its own unique biomechanical characteristics. For a successful
patient outcome it is important that one chooses the appropriate implant and
technique, considering the specific nature of each case.

Before selecting an instrumentation system to restore or maintain stability of
the compromised spine, it is a prerequisite to understand the functions of the
respective structures and how the biomechanics are changed by their loss. Thus,
the choice of implant is strongly dependent on the indication. For example, the
stress on a lumbar translaminar facet joint screw (TLS) in a patient treated with
instrumented fusion for arthritis-related facet pain and with only minimal resid-
ual segmental mobility is relatively low. However, it is not reasonable to stabilize
a complete vertebral body burst fracture with a substantially compromised ante-
rior column solely with TLS. In this case, the screws would most likely fail, result-
ing in a post-traumatic kyphosis, because anterior support was mandatory.

The goals of spinal

instrumentation are to

stabilize, correct and fuse

With the exception of the recent developments in non-fusion devices such as
spinal arthroplasty and posterior dynamic systems, spinal stabilization is a
means to achieve the end goal of a solid bony fusion. Beyond this, the aims of spi-
nal instrumentation are (Table 1):

Table 1. Goals of spinal instrumentation

) to support the spine when its structural integrity is severely compromised (iatrogenic,
traumatic, infectious or tumorous)

) to prevent progression or to maintain the achieved profile after correction of spinal
deformities (scoliosis, kyphosis, spondylolisthesis)

) to alleviate or eliminate pain originating from various anatomical structures by fusing or
stiffening spine segments and thereby diminishing movement

Current implants have a

wide “safety zone”

Each region of the spine has its own anatomical, biomechanical and biological
properties. Aspects such as kyphotic or lordotic curve, inherent mobility, loading
conditions as well as bone healing potential have an influence on the choice of
implant and surgical approach. For this reason spinal implants not only differ in
size but also follow different preferred region-specific stabilization principles.
The authors’ intention is to outline instrumentation principles based on biome-
chanical studies rather than to discuss specific implants. For detailed informa-
tion about individual implants and anatomical regions, the reader is referred to
the clinical chapters of this book and the literature cited in the references. Since
nowadays it is still only approximately possible to assess the individual case in
advance concerning spinal stability, individual constitutional and genetic factors
as well as biological responses, e.g., bone healing properties, bone quality, toler-
ance to foreign materials, the recommendations for instrumentation techniques
can only be generalized to a certain extent. The inability to assess complete dis-
ease entities has also led to therapy principles which are within “the safety zone”
and implants which are generally sufficient for the majority of cases. But this also
implies that instrumented fusion is sometimes overpowered (too rigid) or is
sometimes not indicated at all.
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The extent of stability

necessary to achieve fusion

is unclear

Unlike in biomechanical studies, where spine specimens are tested under
“extreme” conditions, in reality very often substantial stabilizing structures are
preserved and therefore may make the instrumentation partially redundant. This
is one reason why suboptimal (in the biomechanical sense) spinal instrumenta-
tion methods may still result in excellent patient outcomes. Furthermore, the
“better and the faster the biology” the less rigidity is likely necessary to ensure
healing of the spondylodesis. This is impressively demonstrated by the safe and
reliable posterior in-situ fusion (without instrumentation) in lumbar lytic spon-
dylolisthesis in children [87].

Instrumentation generally

aims to exceed physiological

segmental stability

Another example of the role of the biological and mechanical environment is
the cervical spine: unlike in the lumbar spine, where rigid stabilization is manda-
tory, the subaxial cervical spine is more tolerant to less rigid instrumentation in
terms of bony fusion. Here, for example after discectomy, stand-alone interbody
cages or structural autologous bone grafts successfully reestablish physiological
stability, which nevertheless results in an approximately 100% fusion rate [37,
83].

Basic Biomechanics of Spinal Instrumentation

The following sections are intended to provide insights into the biomechanical
principles of spinal instrumentation and should also provide background knowl-
edge for the different stabilization techniques treated in the subsequent clinical
chapters of this book.

Loading and Load Sharing Characteristics

Mainly muscle forces have

an influence on internal

fixator loads while posture

is less important

Spinal instrumentation and the stabilized spine segment form a mechanical sys-
tem, a couple, which shares loads and moments. In-vivo telemetry has provided
valuable insights into the complex three-dimensional loading of internal fixa-
tors during daily physiological activity [77]. Several interesting conclusions can
be drawn from these studies: mainly muscle forces were influencing fixator
loads. Flexion/extension movements as well as wearing braces or harnesses did
not significantly affect fixator loads. Sitting and standing exhibited similar loads
and erect standing and walking resulted in the highest loads. The forces acting
were mainly compression forces rather than distraction; moments were mainly
flexion-bending types. Support of the anterior column reduced fixator loads
postoperatively while later healing of the fusion very often did not. Thus implant
failure such as screw breakage does not necessarily prove pseudarthrosis [76, 78,
79, 81].

However, telemetric fixator load analysis does not provide any information
about the overall force flow and load sharing, i.e. how much of the total load is
transferred by the implant and how much by the spine. This topic was investi-
gated by Cripton et al. [21] using posteriorly instrumented spine segments. By
simultaneously measuring intradiscal pressure and the forces in a modified AO
internal fixator during physiological loading, analysis of the load distribution

The loading pattern of the

implant is critically

dependent on the motion

within the instrumented spinal construct was possible. On this basis, it was dem-
onstrated that spinal loads during flexion and extension were carried predomi-
nantly by equal and opposite forces in the disc and the fixator constituting a force
couple. Only a small portion of the total loading was transferred directly by
bending of the implant or through the posterior elements. However, for side
bending the majority of loading was transferred through equal and opposite
forces in the fixator rods. For torsional loading, the distribution was approxi-
mately evenly spread between implant forces, torsional resistance of the disc and
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Figure 1. Load sharing

Load-sharing between rod/pedicle screw instrumentation and the anatomical structures of the spine during spinal
motion. In flexion-extension load is mainly transferred by the disc-fixator force couple through equal and opposite
forces. In torsion a great fraction of load is transferred by the disc. Therefore, the integrity of the anterior column is crucial
for relieving the implants from load and thus to ensure longevity. In lateral bending load transfer is mainly through the
implant.

forces acting on the posterior elements (Fig. 1). But how does the load distribu-
tion change with an insufficient anterior column support, which may be found
in various spinal disorders, e.g. vertebral body burst fractures, spondylitis, meta-
static vertebral destruction or after disc ruptures? In case of a compromised ante-
rior column, the implant must carry the majority of the load in lateral bending,
flexion, and extension (Fig. 1). Furthermore, after discectomy and the complete
removal of the posterior structures the segmental range of motion (ROM) is still
sufficiently limited (by 64%) in flexion and extension, but torsion is only weakly
controlled and increases by more than 230% under these conditions (Fig. 1). Tak-
ing this information into consideration, in the clinical setting postoperative lat-
eral bending (and torsion) should be avoided by the patient in any event to mini-
mize fixator loads whereas flexion and extension are mostly unproblematic pro-
vided there is a functioning anterior column.

Anterior column defects

require anterior buttressing

Combining the in-vivo measurements of implant loading taken by Rohlmann
et al., and the force flow analysis in the study of Cripton et al., global moments of
up to 30 Nm may act through the spine [21]. If instrumentation devices are
exposed to such high moments, the safe limit for many implants may be
exceeded. Therefore, in the case of a substantially unstable anterior column,
additional anterior support is critical to prevent hardware failure.

Further work is required to characterize the force and load transfer through
intervertebral devices, corpectomy cages and other stabilization constructs.
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Posterior Stabilization Principles

The term “posterior instrumentation” is used for any surgical measure with the
implantation of a stabilization device acting on the posterior column (according
to F.W. Holdsworth’s two-column concept [43]). This is commonly carried out via
a posterior approach, which can vary depending on the surgeon’s preferences.
However, it does not necessarily mean that the device itself is exclusively acting
on the posterior spinal column. Rod/pedicle screw devices or lateral mass screws,
for example, also affect the anterior column. On the other hand, implantation of

PLIF effectively stabilizes

the anterior column

by a posterior approach

interbody cages through the spinal canal (PLIF = posterior lumbar interbody
fusion) is a measure of anterior instrumentation, although it generally makes
additional posterior stabilization, e.g. pedicle screws or translaminar screws,
necessary due to the iatrogenic destabilization of dorsal structures.

Pedicle Screw Technique

Pedicle screw/rod systems

are now well established

for surgical treatment

The introduction of pedicle screws by Roy-Camille in 1970 [82], the subsequent
development of the external fixator by Magerl [55], the following “fixateur
interne” by Kluger and Dick [27], the angle-stable internal AO fixator [4] and the
posterior segmental instrumentation systems [20, 51] have all dramatically
improved the outcomes of spinal fusion. In contrast to the usage of long rods, now
short segment stabilization using pedicle screws and rigid connecting plates or
rods has become possible. This technique has been proven to be safe and effective
for the surgical treatment of almost all spinal disorders such as congenital, devel-
opmental, traumatic, neoplastic and degenerative conditions [2, 3, 13, 34, 51].

The stabilizing potential of

screw/rod systems depends

heavily on extent and

location of instability

The stabilizing properties of pedicle screw/rod spinal fixation systems, such as
the Universal Spine System (Synthes, USA and Switzerland) [51], are not exceeded
by any other posterior systems but are critically dependent on the degree of spinal
instability and thus the pathological condition. Various biomechanical studies
have been conducted on further implant characterization and to define accurate
clinical indications. For example, after corpectomy and bisegmental instrumenta-
tion using a spacer and a cross-linked pedicle screw/rod system, motion is reduced
by up to 85% in flexion, 52% in extension, 81% in lateral bending and 51% in axial
rotation [7]. Similar results have been reported by Cripton et al. [21]. This applies
also for monosegmental instability with destruction of the posterior elements
combined with a partial dissection of the intervertebral disc. Here most other pos-
terior instrumentation devices also exceed the physiological stability, but with the
short segment fixator being the stiffest [1]. However, after complete removal of the
posterior structures combined with a complete disruption of the intervertebral
disc but with the pedicle screw instrumentation in place, the range of motion for
flexion/extension was increased by 21% compared to the intact spine. Further-
more, torsion was only weakly stabilized by rod/pedicle screws in posterior (facet
joint) and two-column insufficiency [21].

The stability of pedicle screw systems is derived from the solid anchorage of the
screw in the pedicle and the inherent rigidity of the connecting hardware. While
the pullout strength of pedicle screws is directly related to the bone density [39],

Convergent screw

positioning increases

pull-out strength

it can be increased by choosing convergent screw trajectories (Fig. 2). Further-
more, in the presence of anterior column instability, the avoidance of parallel ped-
icle screw insertion in short segment fixation not only increases the pull-out
strength but also prevents an unstable “four-bar” mechanism. The same rationale
applies for cross-linking the rods. Here, diagonal cross-linking is favorable to the
horizontal configuration in terms of rotational stability [29, 100] (Fig. 3).

The material, length and diameter of the connecting rods determine their
stiffness. Compared to 7-mm rods, using 10-mm rods would increase the stiff-
ness 4.1 times and 3-mm rods would have a 30 times lower bending stiffness [80].
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Figure 2. Pedicle screw positioning

The use of convergent screw trajectories (right) increases the pull-out strength and overall stability of pedicle screw con-
structs, in comparison with parallel screw insertion (left).

a b c

Figure 3. Screw assembly

a The use of conventional parallel pedicle screws and rods for spine segments with diminished anterior integrity may be
insufficient. b Displacement of the stabilized segment by rotation of the pedicle screws – a so-called “four-bar” mecha-
nism – may result in instability. Further stability can be achieved by the use of convergent screw trajectories and the addi-
tion of cross-linking. c Two cross-links or at least one oblique cross-link provides better stability than one horizontal
cross-link.

However, greater deformation in smaller rods leads to greater internal stress and
may finally result in failure. More rigid rods on the other hand produce higher
internal loads in the implant, on the clamping device, and on the pedicle screws,
and thus have a higher risk of screw breakage [80]. Therefore, current implant
designs are a compromise between an absolutely rigid fixation and a minimal
risk of implant failure to provide stable fixation with a proven service life [7].
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Figure 4. Thoracic pedicle screw
positioning

In contrast to the standard intrapedicular screw
insertion (left pedicle), an extrapedicular screw
trajectory (right pedicle) allows a greater margin
of safety with respect to the spinal canal and
offers greater pull-out strength and stability.

Extrapedicular screw

placement in the thoracic

spine is safe and reliable

While pedicle screws have been accepted as a reliable and safe method for stabi-
lizing the thoracolumbar spine, their use in the mid and upper thoracic spine is
more complicated and risky, due to the smaller overall dimensions and greater
morphological variation of the thoracic pedicle, and the existing spinal cord at
this height. A safer alternative to the standard intrapedicular screw placement in

Lateral extrapedicular screw

positioning is safe and bio-

mechanically advantageous

in the thoracic spine

the thoracic spine is the extrapedicular screw trajectory (Fig. 4), first described
by Dvorak et al. [28]. The pull out strength is increased by a greater screw-angu-
lation, longer screw length, and the penetration of additional cortices. Segmental
stability has been shown to be equivalent to that of the conventional intrapedicu-
lar technique, without a higher risk of material fatigue [59].

The use of simple laminar hooks in the thoracic spine is safe with respect to the
damage of neural structures. However, hook disengagement has been reported in
scoliosis correction surgery [38]. To achieve a higher resistance to the complex
three-dimensional forces, pedicle hooks with additional supporting screws have
been developed [4, 51]. Biomechanical pull-out tests have shown that a significant
increase in failure load can be achieved with the use of screw-augmented hooks [12].

Translaminar and Transarticular Screw Technique

Translaminar screws

effectively stabilize the

spinal segments in

conjunction with anterior

instrumentation

Transarticular screws were first used by D. King in 1948 and later modified by H.
Boucher in 1959 [14]. The now widely accepted translaminar facet joint screw
placement (Fig. 5) was introduced by F. Magerl in the 1980s [58]. Translaminar
screws (TLS) are setscrews, have a long trajectory in bone and have a favorable
direction with reference to the nerve root. TLS are mostly used supplementary to
anterior fusion techniques or in concert with posterior/posterolateral fusion
measures in degenerative disorders. Here incompetent facet joints frequently
allow pathological shear translation (olisthesis) and segmental multiplanar rota-
tion. Biomechanical testing has shown that isolated screw fixation of the facet
joints causes a moderate stabilization in all loading directions [72]. Therefore for
posterior and posterolateral spondylodesis, the combination with facet fusion is
generally recommended as it enhances stability [96].

Stand-alone interbody

cages do not sufficiently

stabilize the spine in

extension and axial rotation

Similarly, as anterior fusion (PLIF/ALIF) with stand-alone cages is particu-
larly weak in controlling extension and axial rotation [54], an additional fixation
is strongly recommended to ensure fusion [72]. In one study TLS were applied
complementary to paired threaded interbody cages, thereby achieving a reduced
angular motion of 30% in flexion and 60% in extension [67].
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Figure 5. Translaminar screws

Translaminar screw positioning in the coronal (a) and the axial view (b).

However, compared to pedicle screws, the stabilizing properties of TLS are fewer,
especially in flexion and rotation [49]. Nevertheless, one should emphasize that

The degree of stability

needed for optimal fusion

is still unknown

the degree of stability needed to achieve bony fusion is still not known. Further-
more, several studies have shown that solid fusion and clinical outcome are not
well correlated [33]. Nevertheless, the goal must be to achieve solid fusion and it
is much more likely that a poor clinical outcome and “failed surgery” with pseud-
arthrosis and implant failure are due to insufficient postoperative spinal stability
and improper instrumentation than to excessive stability and thus stress shield-
ing. In this context, the related question of “adjacent segment degeneration” is
discussed below in detail.

Occipitocervical Fixation

The evolution of occipitocervical fixation started with pure in-situ bone graf-
ting, after which came wire techniques, first without and later with attached steel
rods, then followed by plate/screw instrumentation in the 1990s and most
recently modular combined plate-rod/screw instrumentation [46, 99, 102]. The
major advantage of the latter is its greater stability, allowing the abandonment of
supplemental external fixation such as halo fixators or Minerva jackets.

Basically the same principles of posterior fixation as described above apply to
Lateral mass and pedicular

screw fixation is superior to

sublaminar wiring or hooks

for cervical fusions

the occipitocervical junction. Comparative biomechanical in-vitro studies have
demonstrated that lateral mass screws, pedicle screws or transarticular screws
(C1–C2) are superior to sublaminar wiring or sublaminar hooks [63]. Stability of
occipital fixation depends on whether mono- or bicortical screws are used and
the local occipital topography to the side of the screw placement. Cortical thick-
ness is greatest at the midline and the superior and inferior nuchal lines [75].

Anterior Stabilization Principles

The term “anterior instrumentation” is used for any surgical measure for the
implantation of a stabilization device acting on the anterior column (according to
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F.W. Holdsworth the two-column concept [43]). The surgical approach is tradi-
tionally more or less from anterior depending on the body region and the neigh-
boring cavity. However, especially for the lumbar spine, other routes are estab-
lished such as posterior lumbar interbody fusion (PLIF) or transforaminal proce-
dures (transforaminal lumbar interbody fusion, TLIF) [60]. Even if in the past
anterior lumbar instrumentation has been questionable for some indications in
the presence of sound alternatives, in the future and with the advance of disc art-
hroplasty, anterior surgery will probably gain in popularity. Furthermore ante-
rior fusion will most likely retain its position as a salvage procedure for failed
disc arthroplasty.

Interbody Fusion Technique

The technique of interbody or intercorporal fusion was introduced by Smith and
Robertson in 1955 for the neck [91] and much earlier for the lumbar spine for sur-
gically treating spinal deformity and Pott’s disease by Hibbs and Albee in 1911 [5,
41] and later by Burns in 1933 for stabilizing spondylolisthesis [15]. As a surgical
measure interbody fusion includes an at least partial removal of the intervertebral
disc and of the cartilaginous endplates and subsequent filling-up of the disc space
with (structured) bone graft or nowadays increasingly with artificial spacers
(cages). Cages were designed and first used by G. Bagby and D. Kuslich (BAK cage)
in the late 1980s; they were initially threaded hollow cylinders filled with bone
graft. Nowadays a variety of cage designs are available for implantation using ante-
rior or posterior approaches [97, 98]. Different designs (Fig. 6) are available:

) threaded, cylindrical cages
) ring-shaped cages with and without mesh structure
) box-shaped cages

Load sharing between

implant and bone graft

is essential for successful

healing

Intervertebral cages were originally proposed as stand-alone devices for ante-
rior lumbar interbody fusion (ALIF) or PLIF. While the cages retain height and
provide support and stability, bony fusion occurs within and/or around the cage.
However, the biomechanical requirements on these devices are very high: on one
hand they should provide enough compressive strength to keep disc space height
while stress concentration on the implant-bone interface must be minimized to
reduce penetration or subsidence into the underlying cancellous vertebral body.
On the other hand, the bone graft around and within the cage must be stressed
and strained sufficiently to evoke the biological signals (release of cytokines) for
bone formation [17, 84] (Table 2).

In this context it is proposed that extensive stress-shielding may lead to
delayed or non-union. This conflict is reflected in most current cage geometries
and materials, but further work is required to fully understand the underlying
mechanobiology [30].

Peripheral endplate

buttressing reduces cage

subsidence

When implanting interbody devices, the partial removal of the endplate is a
prerequisite for proper graft incorporation, but a bleeding cancellous bone bed
may also compromise the support of the device, especially if limited contact areas
are present. Resistance to implant subsidence critically depends on the quality of
underlying trabecular bone [47]. However, the strength of the endplate has been

Table 2. Cage features for successful biological incorporation

) adequate compressive strength to maintain disc space height
) minimal stress-concentration on implant bone interface to reduce subsidence
) broad contact area between bone graft and vertebral endplate
) assurance of sufficient load sharing between implant and bone graft
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Figure 6. Cage designs

a The first cages had a cylindrical design and were screwed
into the endplates (Image ˇ Zimmer, Inc. used by permis-
sion). b A very simple cage (DePuy Spine, Inc.) was popu-
larized by J. Harms consisting of a ring-shaped titanium
mesh. c Last generation cages are box-shaped and better
buttress the endplate, which is left intact (Synthes).

shown to be greatest at its periphery in the posterolateral corners [53, 64], and
therefore removal of the central endplate mostly does not compromise the
strength of the cage/bone interface significantly [93]. Based on this information,
an effective compromise between the biological and biomechanical requirements
for fusion may be achieved by choosing larger implants with more peripheral
contact areas, such as the Syncage [97].

Anterior cage positioning

provides the best stability

Similar to endplate strength the overall stiffness of the stabilized spinal seg-
ment increases by a factor of three as an interbody cage is moved within the disc
space towards the mechanically more advantageous anterior position [69].

Do not use stand-alone

lumbar interbody cages

without additional fixation

The indications for anterior fusion of the spine are various and include disci-
tis/spondylitis and vertebral burst fractures but they are still also often contro-
versial, especially for lumbar back pain. If the surgeon decides to remove the disc,
the resulting degree of instability must be estimated before choosing the type of
implant and extent of surgery. It has to be emphasized that a complete discectomy
combined with the dissection of the anterior longitudinal ligament renders the
spine substantially unstable for all loading conditions. For flexion and lateral
bending, interbody devices can restore stability profoundly. However, the major
disadvantage of these devices regardless of the approach (PLIF or ALIF) is the
poor control of extension and rotation [61].

Comparison of the strict anterior with the anterolateral implantation tech-
nique has shown that resection of the anterior annulus and anterior longitudinal

76 Section Basic Science



a b c

Figure 7. Cage kinematics

Stand-alone intervertebral cages for spinal fusion exhibit poor stabilization in extension. a Extension is normally partially
limited by the facet joints. b Following the insertion of an interbody cage, the facet joints may be distracted, c thereby
increasing segmental mobility.

Overdistraction with a cage

results in facet joint

incongruency and

secondary damage

ligament is not responsible for this lack of stability [62]. This has led to the opin-
ion that stand-alone cages and anterior bone grafts cause segmental distraction
and thereby incongruence of the facet joints (Fig. 7), which may aggravate insta-
bility [54]. The originally established concept of “distraction compression” by G.
Bagby [8] is thus also placed into perspective again. This indicates that, with dis-
traction of the disc space and consequent tensioned anulus fibers, a compressive
force on the cage is created. However, due to the viscoelastic anulus material
properties, the compressive effect most likely acts only for a short time [50].
Therefore, from the above-mentioned studies it can be concluded that posterior
instrumentation with pedicle screws or translaminar screws in addition to the
interbody cage must be recommended to establish the appropriate stability.

The combination of anterior

tension band instrumen-

tation and a cage is a

promising up-and-coming

technique

A potential alternative to the above-mentioned combined instrumentation is
the recent development of a novel “stand-alone” device which combines the prin-
ciple of the interbody cage with anterior tension band instrumentation (SynFix,
Synthes, USA and Switzerland). Cain et al. have compared the stabilizing proper-
ties of this screw-cage construct with conventional 360° instrumentation using
cage and pedicle screws or translaminar screws. Motion analysis demonstrated a
significant increase in segmental stiffness with the Synfix compared to cage/
translaminar screw instrumentation in flexion-extension and rotation [16].
However, testing was non-destructive and included only a few cycles. For a defi-
nite judgment the comparative biomechanical behavior under repetitive loading
(fatigue) as well as clinical results and fusion rates need to be evaluated.

Single-level stand-alone

cervical cage fixation

suffices in selected cases

In the cervical spine in contrast to the lumber spine, stand-alone interbody
cages (or structural bone grafts) are used routinely after one level discectomy,
exhibiting near 100% fusion rates. In a comparative biomechanical in-vitro
study, D. Greene et al. assessed cervical segmental stability after implantation of
interbody cages and structural bone grafts. After single-level discectomy physio-
logical segmental stability was reestablished with both techniques, but with the
cage tending to result in slightly higher stiffness [37].
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Corpectomy Fusion Technique

Spinal instability after single-level or even multiple-level corpectomy or verte-
brectomy is a challenging task in the biomechanical sense, especially in the lum-
bar spine. Indications are theoretically numerous and apply for myelopathy, neo-
plastic and metastatic tumor growth, chronic spondylitis or severe fracture
cases. However, the resulting instability, and thus the demand on the instrumen-
tation, strongly depends on the number of involved levels and the preserved and
functioning stabilizers. It is quite obvious that the function of incompetent or
compromised anatomical structures has to be compensated.

Severely impaired anterior

column integrity requires

a combined anterior and

posterior instrumentation

(360°)

Pure bisegmental spinal stability after single-level corpectomy in the lumbar
spine can theoretically be restored by pedicle screw systems [7]. However, in the
absence of anterior column integrity, the posterior bridge-construct bears 100%
of the load and will most likely fail even in the presence of a posterior spondylo-
desis. This phenomenon is well known from unstable burst fractures lacking
anterior support [57]. Furthermore, biomechanical tests have shown that corpec-
tomy cages alone or in combination with an anterior angle-stable plate fixation
are not capable of restoring physiological bisegmental stability. To ensure solid
bony fusion it is commonly accepted that normal physiological spinal stability
must be exceeded (to what extent is so far unknown). As segmental flexibility
with either a stand-alone cage or a cage/anterior plate combination is especially
increased in rotation, extension and lateral bending, the addition of pedicle
screw fixation must be recommended to ensure a significant increase in overall
stiffness [66]. Thus far, from the biomechanical perspective, fundamental ante-
rior instability like that found after corpectomy cannot be treated with anterior
or posterior measures alone.

Similarly to the lumbar spine, corpectomy in the cervical region is indicated
for a variety of spinal pathologies: cervical myelopathy, cervical spine trauma
and tumor manifestations. The stability after single level corpectomy and cage
implantation is comparable to the range of motion (ROM) of the intact spine in
all six degrees of freedom [85]. In one study, stability was even increased in all
directions but extension [48]. Supplemental instrumentation must therefore also

Anterior cervical plating

substantially increases

spinal stability after

corpectomy

be applied. Anterior plating adds significant stability, particularly in rotation,
which is only exceeded by posterior systems. Comparing stability of different
anterior and posterior systems demonstrated that pedicle screws are more stable
than lateral mass screws and constrained posterior systems are superior to
unconstrained systems. The highest stability was provided by combined 360°
instrumentation [85]. In a two or more level corpectomy, anterior plating may
already be insufficient (see tension band technique). In this case posterior instru-
mentation involving lateral mass or pedicle screws adds significant stability [90].

Anterior Tension Band Technique

Anterior cervical plating

bears the risk of stress-

shielding the bone graft

and thus may cause

non-union

Anterior cervical plates act as typical tension bands during extension but func-
tion as buttress plates during flexion. They exhibit several characteristics, e.g.
excellent visibility with implantation, prevention of graft expulsion and
increased fusion rates in multisegmental constructs. Anterior cervical plates are
either constrained or unconstrained devices and are available as dynamic plates
in various lengths.

Constrained cervical systems have a rigid, angle-stable connection between
the plate and screws, whereas unconstrained systems rely on friction generated
by compression of the plate on the anterior cortex. In biomechanical testing, con-
strained systems have shown a greater rigidity, whereas unconstrained plates can
lose a significant amount of their stability over time [92]. The surgeon has the
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option of selecting systems with monocortical or bicortical screw fixation, often
with the same plate. Pull-out tests have demonstrated that bicortical is more sta-
ble than monocortical screw placement [92]. Further improvements in stabiliza-
tion have been made using monocortical locking expansion screws, their
strength being comparable to bicortical screws [74]. But no significant differ-
ences in stability were seen on kinematic testing [68]. However, bicortical screw
fixation still has specific indications, e.g. for multilevel stabilization, poor bone
quality or after correction of deformities, but also bears the risk of spinal cord
damage.

A three-level cervical corp-

ectomy requires anterior

and posterior instrumented

fusion

It has also been shown that the capability of anterior cervical plates to stabilize
the spine after three-level corpectomy is significantly limited after fatigue load-
ing [45], whereas no difference in stability was noted for single-level corpectomy.
Another concern regarding the cervical spine, with its inherent mobility and rel-
atively low compressive forces, is delayed or non-union (pseudarthrosis) due to
possible stress shielding of the graft. This is particularly true for the latest gener-
ation of constrained (locking) plates, with which it is more difficult to set the
graft under compression.

For this reason dynamic (semi-constrained) anterior plates were designed.
Reidy et al. have shown in a cadaver corpectomy model that axial load transmis-
sion was particularly more directed to the graft with the dynamic cervical plate
than with a static plate especially when the graft was undersized [73].

The stiffness of anterior

tension band instrumentation

differs from pedicle screws

in all loading directions

Several systems have also been developed for anterior stabilization of the
thoracolumbar spine, including the Ventrofix (Mathys Medical, Bettlach, Swit-
zerland) and the Kaneda SR (DePuy Spine, Raynham, MA, USA) systems,
which are used mostly for reconstruction in trauma, tumor and post-traumatic
kyphosis. The load is transferred through a combination of compressive or ten-
sile loading along the length of the implant and bending or torsion. Due to its
profile and their position directly on the anterior column, bending forces are
much lower than for posterior pedicle screw systems. However, their stabilizing
potential is also lower, due to a shorter effective lever arm. The relative effec-
tiveness of anterior, posterior and combined anteroposterior fixation in a cor-
pectomy model has been addressed in a study by Wilke et al. [106]. Compared
to pedicle screws, the anterior rod devices were slightly more unstable in flexion
and lateral bending. In lateral bending, the implants provided better stabiliza-
tion when the spine was bending away from the implant side, as the devices act
as a tension band. Double-rod anterior systems with or without transverse ele-
ments are superior to single rod systems, and locking screws increase the stiff-
ness.

Finally, however, in all loading directions, only combined anteroposterior fix-
ation can provide complete segmental stabilization.

Biomechanics of the “Adjacent Segment”

Adjacent segment mobility

and intradiscal pressure

increase with fusion length

Spondylodesis normally results in an unphysiologically long and stiff spinal seg-
ment. It has often been suggested that adjacent segment degeneration is the
result of increased biomechanical stress. Shono et al. [89] have shown, in an in-
vitro study, that the displacement of the adjacent motion segment is indeed
increased after fusion. In these experiments, a fixed displacement was applied to
the entire spine specimen. To produce the total displacement, the motion at the
adjacent segment must increase as the motion of the fused segment decreases
due to its stiffness. Increased segmental motion is paired with an elevated intra-
discal pressure, which correlates with the number of fused levels [19, 42]. Rohl-
mann et al. have demonstrated, with a simplified finite element model, that
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application of a controlled load on rigid instrumentation had only a minor influ-
ence on stresses in the adjacent discs and endplates [80]. Nevertheless, in another
in-vitro study, application of controlled loads resulted in small but significant
increases in adjacent segment mobility [9].

The cause (mechanical

overload or natural history)

of adjacent segment

degeneration remains

unclear

It can be questioned whether “adjacent segment degeneration” is a result of
altered biomechanical stresses or a natural progression of the disease. This issue
depends on whether adjacent segment motion is indeed increased in vivo follow-
ing fusion. An animal study by Dekutowski et al. provides some support for
increased adjacent segment motion [25]. Taken together, to date and despite
numerous clinical and biomechanical studies, it still remains unclear whether the
changed biomechanics or the progression of the natural history is responsible for
adjacent segment degeneration. However, the overall incidence of adjacent seg-
ment degeneration would likely be much higher if its cause were purely mechani-
cal. It is well accepted that disc degeneration is a multifactorial disease with
genetic and environmental factors [10]. To what extent mechanical factors con-
tribute to the disease likely also determines whether or not disc degeneration is
initiated or aggravated adjacent to a fused segment.

Non-Fusion Principles

Non-fusion devices

may not be superior

to instrumented spinal

fusion in low back pain

The aims of non-fusion devices are the stabilization and reestablishment of nor-
mal segmental anatomy including the preservation of segmental motion and
thus without performing a spondylodesis. Several approaches have been
described to replacing certain parts of the motion segment or to adding support-
ing stabilization. Depending on the primary pathology of the mostly multifacto-
rial problem, disc arthroplasty, nucleoplasty or posterior dynamic stabilization is
performed. Several different devices for various indications are nowadays on the
market, or are currently under way, e.g. facet arthroplasty. All of these have in
common that no prospective and controlled clinical trials (class I or II evidence)
which comparatively assess the clinical outcomes are available or that the follow-
up time is too short for a definitive judgment.

Disc Arthroplasty

Disc arthroplasty preserves

spinal motion, makes bone

harvest unnecessary and

may abolish or delay

adjacent segment disease

Functional disc replacement is a logical progression in the treatment of degener-
ative disorders of the disc. Arthroplasty in the spine has several potential advan-
tages: preservation of segmental motion, lower rate of adjacent level degenera-
tion and no need for harvesting autologous bone graft.

An excellent review of the field of disc arthroplasty by Szpalski et al. highlights
the historical development and the different design concepts to date [95]. The
demands on the material properties and function of such devices are substantial.
They must not only possess sufficient strength to withstand compressive and
shear loads transmitted through the spinal column, but must also respect the
complex kinematics of intervertebral motion.

The design philosophy of many current disc prostheses reflects the evolution
of other total joint prostheses. In total knee arthroplasty (TKA), for example,

The design concepts of TKA

are still evolving

there has been the tendency towards implants which emulate physiological
motion patterns. Unlike in conventional TKA, mobile bearing knee prostheses
employ a conforming polyethylene plate which moves on the surface of a highly
polished metallic tray which itself is affixed to the tibial plateau. Due to its confor-
mity throughout the full range of motion, stresses transmitted through the poly-
ethylene and into the bone should be lower and thus reduce polymer wear and
prosthesis loosening.
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Figure 8. Center of rotation

The kinematics of the intervertebral joint is complex. a The center of rotation moves during flexion/extension, b left and
right side bending c and left and right torsion. Current designs for intervertebral prostheses or dynamic stabilization sys-
tems aim to respect this unique characteristic of spinal motion.

Disc prostheses are

confronted with a complex

segmental spinal motion

pattern

As in the knee, motion of the natural intervertebral joint cannot be compared to
a simple ball-and-socket joint. Segmental motion in flexion and extension is a
combination of sagittal rotation plus translation. This is also referred to as the
helical axis of motion. Thus, the instantaneous axis of rotation constantly
changes throughout the full range of motion (Fig. 8).

This principle is reflected in the Bryan Cervical Disc System (Medtronic),
which comprises a low friction elastic nucleus located between titanium end-
plates and a sealing flexible membrane, allowing free rotation and some transla-
tion in all directions. Similarly the Charité artificial disc (DePuy Spine) consists
of cobalt chromium endplates and a floating polyethylene sliding core also
enabling translation and rotation. In contrast, the ProDisc (Synthes) and Maver-
ick Artificial Disc (Medtronic) are constrained devices with a single articulation,
allowing free rotation in all directions around a fixed center of rotation. Uncon-
strained devices allow a greater range of motion and theoretically prevent exces-
sive facet loads in extreme motion. In contrast constrained disc arthroplasties
may reduce shear force on the posterior elements [44]. Only comparative pro-
spective clinical trials can conclusively show if any of these concepts is advanta-
geous for the patient [31]. The Charité and ProDisc were the first protheseses
involved in an FDA trial (Fig. 9).

Current disc prostheses

almost reestablish

a physiological range

of motion

As with other total joint prostheses, the stability of the prosthesis and the
motion segment likely depends on well balanced ligaments and surrounding soft
tissues. Therefore, precise operation technique with retention of stabilizing tis-
sue is essential for a good outcome. Wear of prosthesis components, as in other
arthroplasties, likely occurs. Histocompatibility was tested for titanium and
polyethylene particles in animal models, and neither material induced a strong
inflammatory host response [6, 18]. Finally, the kinematics of each new device
must be verified against representative motion patterns of the normal spine [22].
In one study by DiAngelo et al., spinal kinematics before and after implantation
of a cervical disc prosthesis (ProDisc) was compared with spondylodesis. Using
a displacement-controlled protocol, with the prosthesis in place almost no alter-
ation in motion patterns could be recorded compared to the intact state, unlike
in the fusion case where the adjacent segments compensated for the fused level to
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Figure 9. Designs of total disc arthroplasty

Current intervertebral disc prostheses differ in the bearing material used (polyethylene or metal alloys) and have either
a fixed (constrained) center of rotation (e.g. a Prodisc, Synthes) or follow the segmental helical axis of motion (semi-con-
strained) as in b the Charité prothesis (DuPuy Spine Inc.).

achieve full motion [26]. This is in agreement with Puttlitz et al., who demon-
strated an establishment of an approximate physiological kinetics in all six
degrees of freedom with cervical disc arthroplasty [70]. In another biomechani-
cal in-vitro study, Cunningham et al. compared the Charité disc prothesis with an
interbody fusion device (BAK) with and without posterior instrumentation.
Unlike interbody fusion, also in the lumbar spine the disc prosthesis exhibited a
near physiological segmental motion pattern in all axes except rotation, which
was increased [23].

Only few data exist so far about the lifetime of disc prostheses, preservation of
motion and long-term patient satisfaction. Therefore, total disc replacement still
has to establish its position against spondylodesis [24, 71, 101].

Nucleoplasty

Nucleoplasty is an intriguing

evolving new surgical

technique

In contrast to total disc arthroplasty, replacement of only the degenerated or
excised nucleus pulposus is an option offered by the Prosthetic Disc Nucleus (PDN,
Raymedica Inc., Minneapolis, USA). The PDN is a hydroactive implant which
mimics the natural fluid exchange of the nucleus by swelling when unloaded and
expressing water under compressive load. Wilke et al. [105] have shown that the
PDN implant can restore disc height and range of motion after nucleotomy to nor-
mal values. There is, however, little data on the long-term biomechanical behavior
of such implants in the intervertebral disc space, and the overall effectiveness of
replacing only the nucleus pulposus in a degenerated disc.

Posterior Dynamic Stabilization Technique

Indications for dynamic

posterior stabilizing devices

are difficult to define

Non-rigid posterior stabilization of the spine is another concept for the treat-
ment of various spinal pathologies. In 1992, H. Graf introduced the ligamento-
plasty, a posterior dynamic stabilization system consisting of pedicle screws
which were connected via elastic polyester elements [36]. The underlying theory
is the maintenance of physiological lordosis while flexion-extension motion is
restricted and therefore the respective disc is unloaded and thus “protected”.
Kinematic in-vitro studies have shown that, after laminectomy and partial
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Figure 10. Non-fusion spinal stabilization devices

a Dynamic posterior spinal stabilization with Dynesys (Image ˇ Zimmer, Inc. used by permisson. b Interspinous process
distraction devices (e.g. X-stop) limit extension motion and unload the facet joints. The aim is to improve functional
spinal stenosis by indirect widening of the spinal canal.

removal of the facet joint with Graf ligamentoplasty, flexibility is significantly
reduced in all directions compared to the intact state [94]. However, clinical stud-
ies report conflicting data about the clinical success [35, 56].

The stabilizing properties

of Dynesys largely exceed

physiological stability

Nowadays the most often used device is the dynamic neutralization system
(Dynesys) for the spine (Zimmer, Warsaw, USA). Dynesys (Fig. 10a) is a non-
fusion pedicle screw system composed of titanium pedicle screws joined by poly-
carbonate urethane (PCU) spacers containing pre-tensioned polyethylene tere-
phthalate (PET) cords. With such a system, the affected segments can be dis-
tracted and disc height restored and kinematics in all planes are restricted. How-
ever, motion is not absolutely prevented, in contrast to solid fusion implants.
Schmoelz et al. compared the kinematics of Dynesys stabilized segments with an
internal fixator using destabilized cadaver specimens. They demonstrated that
Dynesys was able to improve stability in all dimensions. However, axial rotation
was poorly controlled while in lateral bending and flexion the system was as stiff
as the internal fixator. Only in extension was Dynesys able to restore the physio-
logical state [86].

Posterior dynamic systems

are challenged by the

required long lift time cycle

Freudiger et al. [32] have demonstrated that the Dynesys limits shear transla-
tion and bulging of the posterior anulus in the unstable spine segment under
physiological loading. Due to the compliance of the instrumentation, overload-
ing of adjacent segments may be prevented. However, unlike with the spondylo-
desis the instrumentation must bear certain loads throughout its whole life.
Thereby material fatigue and pedicle screw loosening may result in ultimate fail-
ure. The efficacy of such a system depends heavily on the condition of the ante-
rior column and no one knows so far how much stability or flexibility is actually
needed in each particular case.

Interspinous Process Distraction Technique

The principle of implanting a spacer between adjacent spinous processes was
already used by F. Knowles in the late 1950s to unload the posterior anulus in
patients with disc herniation and thereby achieving pain relief [104]. In recent
years various systems have entered the market such as the Interspinous “U”
(Fixano, Péronnas, France), the Diam (Medtronic, Memphis, USA), the Wallis
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(Spine Next, Bordeaux, France) and the X-Stop (St. Francis Medical Technolo-
gies, Concord, USA) (Fig. 10b) systems. Only few biomechanical and no high-
quality clinical studies are currently available.

Interspinous devices

decrease extension and aim

to widen the spinal canal

All devices aim to limit motion in extension. Biomechanical testing has shown
that extension motion is indeed decreased while flexion, axial rotation and lateral
bending stay unaffected [52]. Limited extension is thought to reduce narrowing
of the spinal canal and flavum buckling [88]. Furthermore, Lindsey et al. demon-
strated an unloading of the facet joint in an in-vitro cadaver study using pressure
sensitive foil [107].

But how far the resulting increase of segmental kyphosis is compensated by
the adjacent segments and how this may affect the sagittal profile and balance in
the long term need to be evaluated in the future. However, for patients with spinal
stenosis and neurogenic claudication which improves in flexion, the interspinous
device is a feasible option especially with regard to the limited trauma with
implantation.

Recapitulation

Goals of spinal instrumentation. The aims of spinal
instrumentation are stabilization, achievement and
maintenance of curve correction (alignment) and
facilitation of bony fusion (spondylodesis). Knowl-
edge of the underlying fundamental biomechani-

cal principles helps to prevent material failure and
thus improves surgical outcome. Several basic
properties of spinal implants have to be consid-
ered: material strength, the ability to provide seg-

mental stability and the resistance to fatigue with
cyclic loading. Unfortunately it is still unclear how
much stability is required in each particular case to
ensure spinal fusion. Generally the instrumentation
aims to exceed the physiological state, e.g. to make
the motion segment stiffer.

Loading and load sharing characteristics. Spinal
instrumentation and the stabilized spine segment
form a system which shares loads and moments.
In-vivo telemetric measures have given valuable in-
sight into device loading patterns. Forces acting on
the implant depend on the degree of instability. It
has been shown that rod/pedicle screw implants
are mainly loaded with compression forces and
bending moments. Load sharing between the im-
plant and bone graft is mandatory for successful
bone healing. In contrast, extreme stress-shielding

may result in pseudarthrosis.

Pedicle screw technique. Pedicle screw/rod instru-
mentation has been well established for the surgi-
cal treatment of almost all spinal disorders. Unless
there is a substantial incompetence of the anterior
column, pedicle screw systems provide excellent

stability in mono- and multisegmental applica-
tions. Choosing convergent screw trajectories and
cross-linked rods may enhance stability.

Translaminar and transarticular screws. The trans-
laminar route should be favored over the direct
transarticular trajectory in degenerative disorders
and in conjunction with anterior interbody fusion.

Occipitocervical fixation. Modular plate-rod/screw
instrumentation is available. Lateral mass screws,
transarticular screws (C1–C2) and pedicle screws

provide increased stability compared to laminar
hooks and wires. Therefore additional external sup-
port with halo fixation, etc., has mostly been aban-
doned.

Interbody fusion technique. Lumbar interbody
cages are designed to provide sufficient strength to
keep disc space height without the necessity for us-
ing structural bone grafts. Originally implanted as
stand-alone cages, which led to noticeable pseud-
arthrosis rates, they are nowadays routinely com-

bined with additional instrumentation (pedicle
screws/translaminar screws or anterior tension
band) due to the poor control of extension/distrac-
tion and rotation. Meticulous endplate prepara-

tion is mandatory to ensure bony fusion. Anterior
cage position is advantageous in terms of stability.
Endplate strength is highest in the periphery. In the
cervical spine, however, after single level discecto-
my and “stand-alone” cage implantation near 100 %
fusion rates are achieved.
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Corpectomy fusion technique. Spinal instability
after corpectomy or after vertebrectomy in the
lumbar spine often requires complex reconstruc-
tive procedures. The type and degree of instrumen-
tation depend strongly on the number of involved
levels and the retained functioning stabilizing
structures. Generally, after corpectomy anterior

support is mandatory and long-term stability can-
not be achieved with rod/pedicle screw instrumen-
tation alone. Furthermore, the combination with an
anterior tension band device still exhibits a certain
instability in extension and rotation. Therefore, from
the biomechanical perspective, substantial anterior
instability requires “front and back” instrumenta-

tion. In the cervical spine, however, single-level cage
stabilization is sufficiently supported by an anterior
tension band device. Multiple-level cervical corpec-

tomies are particularly unstable and anterior plating
may be insufficient; consequently additional pedi-

cle/lateral mass screw devices must be considered.

Anterior tension band technique. Anterior rods/
plates act as tension bands in extension and func-
tion as buttress plates in flexion. For the cervical
spine, the latest generation of “semi-constrained/

dynamic” plates allow locked angle-stable mono-
cortical screw fixation while axial compression of
the graft is permitted. This offers increased stability
combined with a minimized risk of stress-shielding.
In the lumbar spine, anterior rod/double-rod

instrumentation increases anterior stability after
cage or graft implantation especially in extension.
In flexion and lateral bending they are still inferior
to pedicle screw devices.

Biomechanics of the “adjacent segment”. Unphysi-
ologically long and stiff spinal segments increase

motion and intradiscal pressure in the adjacent
segments. However, it is still unclear if adjacent seg-
ment degeneration after spinal fusion is resulting
from the changed biomechanics or exhibits simply
the progression of the natural history.

Disc arthroplasty. Disc arthroplasty offers several
advantages such as preservation of segmental
motion, potential absence of adjacent segment
degeneration and no need for harvesting autolo-
gous bone graft. Current prostheses differ in bear-
ing materials (metal or polyethylene) and kinemat-
ics principles. Constrained prostheses have a fixed
center of rotation whereas unconstrained devices

allow translational movement and thus respect the
physiological helical axis of motion. Kinematics

studies have shown that both types successfully re-
establish almost the physiological range of motion.
Only a few data exist so far on the long-term radio-
logical and clinical outcome.

Posterior dynamic stabilization technique. Improv-
ing primary or iatrogenic spinal instability while
“unloading/protecting” certain spine elements
without performing a spinal fusion are the objec-
tives of posterior dynamic implants. All systems

successfully reduce segmental motion. However,
rotation is poorly controlled while the posterior
devices are particularly stiff in flexion. As it is
unknown how much stability is needed in which
particular entity of spine pathology combined with
the partially undefined clinical indications, an
assessment of this technique is currently impossi-
ble. Finally, only long-term prospective clinical trials
will give the necessary evidence for the efficacy of
this particular treatment method.

Key Articles

Cripton PA, Jain GM, Wittenberg RH, Nolte LP (2000) Load-sharing characteristics of
stabilized lumbar spine segments. Spine 25:170–179
Biomechanical cadaver study using pressure sensors, strain gauges and an optoelectronic
tracking system. Load-sharing between an internal fixator and anatomical structures was
assessed in a sequential injury scenario. Applied loads were mostly supported by equal and
opposite forces between disc and fixator. Based on the results, the paper highlights the fact
that an anterior column insufficiency may lead to fixator overloads and implant failure.

Laxer E (1994) A further development in spinal instrumentation. Technical Commission
for Spinal Surgery of the ASIF. Eur Spine J 3:347–352
Introduction of the Universal Spine System with a single set of implants and instruments
for various spinal disorders and surgical approaches.
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Magerl FP (1984) Stabilization of the lower thoracic and lumbar spine with external
skeletal fixation. Clin Orthop Relat Res 125–141
Classic article introducing the concept of a new angle-stable transpedicular fixation
device which formed the basis for the development of second generation internal spinal
fixation devices.

Panjabi MM (1988) Biomechanical evaluation of spinal fixation devices: I. A conceptual
framework. Spine 13:1129–1134

Panjabi M, Abumi K, Duranceau J, Crisco J (1988) Biomechanical evaluation of spinal
fixation devices: II. Stability provided by eight internal fixation devices. Spine
13:1135–1140

Abumi K, Panjabi MM, Duranceau J (1989) Biomechanical evaluation of spinal fixation
devices. Part III. Stability provided by six spinal fixation devices and interbody bone
graft. Spine 14:1249–1255
These three publications are milestone papers as they introduced the basic concepts for
testing and evaluation of spinal implants. Guidelines for three categorical biomechanical
tests are stated: assessment of strength, fatigue and stability.

Tsantrizos A, Andreou A, Aebi M, Steffen T (2000) Biomechanical stability of five stand-
alone anterior lumbar interbody fusion constructs. Eur Spine J 9:14–22
The authors compared five different stand-alone cages with respect to stabilizing proper-
ties (kinematics) and pull-out strength using human specimens. The results demon-
strated a general stabilizing effect of all implants but load/displacement curves also sug-
gested micro-instability. Influencing factors of the cage design concerning dimensions,
height and wedge angle were pointed out.
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4
Age-Related Changes of the Spine

Atul Sukthankar, Andreas G. Nerlich, Günther Paesold

Core Messages

✔ The spinal column degenerates far earlier than
other musculoskeletal tissues

✔ Age-related changes of the spine are not syn-
onymous with painful alterations

✔ Time course and probability of early disc
degeneration are largely determined by
genetic disposition

✔ The intervertebral disc is the largest avascular
structure of the human body resulting in large
diffusion distances to allow for disc nutrition

✔ Compromised disc nutrition is a key factor for
disc degeneration

✔ Changes in the matrix components of the inter-
vertebral disc, especially the proteoglycans,
determine age-related changes of the disc

✔ Orientation and misalignment of the facet
joints correlate with development of early
osteoarthritis of the joint

✔ Changes in bone architecture of the vertebral
bodies and formation of osteophytes alter
mechanical properties of the spinal column

✔ Changes in matrix molecules and fiber orienta-
tion in ligaments alter behavior of the liga-
ments

✔ Age-related changes of the three joint complex
lead to disc herniation, osseous and ligamen-
tous stenosis

Epidemiology

Musculoskeletal impair-

ments are a predominant

health problem in the aging

population

Musculoskeletal impairments are prevalent and symptomatic health problems in
individuals of middle and old age. Naturally, aging of an individual is accompa-
nied by decreasing strength, pain and restricted movement. As a consequence,
increasing age is concomitant with limited abilities for work and leisure activi-
ties. Regular physical activities are important to maintain optimal mobility and
general health. Age-related changes in the musculoskeletal system occur due to
alteration in a multitude of tissues, such as bone and soft tissue including mus-
cles, articular cartilage, intervertebral discs, tendons, ligaments and joint cap-
sules [40]. In addition, a decrease in musculoskeletal function increases proba-
bility and severity of soft tissue and skeletal damage due to trauma and also
enhances the likelihood of complications during surgery.

The number of people over

65 years will double within

25 years

Considering estimations that predict a doubling of the number of people over
65 years of age during the next 25 years, patients suffering from musculoskeletal
impairments will increase significantly [79]. In the USA, musculoskeletal and
associated conditions in the elderly caused direct costs of US $51 billion in 1992
[158]. These facts impressively underline the impact on healthcare systems that
age-related alterations of the musculoskeletal system will have in the future.
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Case Introduction

This spinal specimen shows the extreme course of the result of aging on the lumbar spine. A sagittal section through the
lumbar spine (L3 – S1) of an 8-year-old individual (a) demonstrates that the nucleus pulposus can be clearly distinguished
from the anulus fibrosus. The cartilage endplates are composed of a thick layer of hyaline cartilage. The disc height is
somewhat less than the vertebral body height. The vertebral bodies demonstrate rounded edges. On the contrary, the
parasagittal section (b) of a 77-year-old individual demonstrates that the disc space has completely collapsed. Anterior
or posterior displacement of the vertebral bodies is visible at all levels. The cartilaginous endplates are partially resorbed
and exhibit severe sclerotic alterations. The vertebral bodies exhibit severe bridging osteophyte formation. Despite
these dramatic changes there is no close link between these alterations and pain.

General Age-Related Changes

Various mechanisms on a cellular and systemic level have been identified to con-
tribute to age-related changes in the musculoskeletal system [45].
At the cellular level:

) cellular senescence, leading to a decreasing ability of somatic cells to repli-
cate, repair, and maintain tissue
) apoptosis (programmed cell death), leading to decreased cell numbers in

the affected tissue
) accumulation of post-translational modifications of matrix proteins, lead-

ing to altered properties of the extracellular matrix
) increasing generation of oxidative stress due to generation of reactive oxy-

gen species (ROS), leading to cell damage
) genetic predisposition, leading to premature aging or phenotypic changes

in the musculoskeletal system

At the systemic level:

Systemic and cellular factors

contribute to musculo-

skeletal age-related changes

) declining levels of trophic hormones, leading to altered tissue environment
and response of tissue to use and injury
) general age-related changes, such as a decrease in reaction time, proprio-

ception, vision, hearing, pulmonary and cardiovascular function, leading to
decreased mobility and therefore affecting the musculoskeletal system
) socioeconomic and psychosocial factors also contribute, mainly by influ-

encing the individual variation regarding the age-related impairment of
mobility

The diversity of contributing factors on cellular and systemic levels underlines
the multifactorial nature of age-related changes that will finally lead to alter-
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ations of the local environment within the affected tissue. These local alterations
can then directly affect the function of the respective tissue. Although the result,
i.e. altered tissue function, can be observed and analyzed, the exact relationships
and interactions between cellular and systemic changes are not yet clear.

The spine is most frequently

affected by

age-related alterations

Although any part of the musculoskeletal system can be affected by age-
related alterations, lower extremities and especially the lumbar spine are the
most frequently reported locations of musculoskeletal impairment (Case Intro-

duction). Between 70% and 85% of the population in Western industrialized
countries will experience back pain at least once during their lives, underlining
the impact of age-related alterations to the spine [33, 35, 86, 151, 152]. These epi-
sodes of back pain often lead to sickness leave and sometimes to chronic disabili-
ties (approx. 10%) causing an enormous socioeconomic burden on society [80].
In this context, it is important to notice that normal age-related degenerative
changes and pathological degeneration leading to back pain have to be distin-
guished. Several studies have shown that between 7% and 72% of individuals
that exhibit signs of disc degeneration never experienced relevant low back pain
[15, 115, 155].

Among age-related alterations of the spine, the so-called “degenerating spon-
dylosis” or spinal osteoarthritis is the most common and is probably inevitable

Degenerative spondylosis

is inevitable with aging

with increasing age. This alteration is radiologically characterized by osteophy-
tes (bone spurs) arising from the margin of the vertebral body and is usually
accompanied by disc space narrowing. The term “spondylosis” was historically
an effort to distinguish between degenerative changes in the spine and those in
synovial joints (osteoarthritis) such as facet joints [145]. However, it has been
shown that pathological changes in the spine and osteoarthritis of the synovial
joints coexist and in most cases are interrelated [145]. Autopsy studies by
Schmorl and Junghanns [64] reported evidence of spondylosis in 60% of women
and 80% of men by the age of 49 years, and in 95% of both sexes by the age of
70 years.

Functional Spine Unit

The motion segment is the

functional unit of the spine

The spine is a multi-segmented column, which provides stability and mobility to
the body at each segmental level and gives protection to the nerve roots and the
spinal cord. The smallest anatomical unit of the spine which exhibits the basic
functional characteristics of the entire spine is called the “motion segment” or
“functional spine unit” (Fig. 1). It was first described by Schmorl and Junghanns
[64]. Each motion segment consists of two adjacent vertebrae, separated dorsally
by the zygapophyseal joints or facet joints and anteriorly by the interposed inter-
vertebral disc. The vertebrae are further connected by spinal ligaments, joint
capsules and segmental muscles. The spinal ligament complex consists of the
interspinous, supraspinous intertransverse, yellow, anterior and posterior longi-
tudinal ligaments. In contrast to the extrinsic muscles, the intrinsic muscles span
over two vertebrae and consist of splenius, erector spinae, transversospinal and
segmental muscles. Spine motion, stability and equilibrium are achieved by the
antagonist action of the powerful flexor and extensor muscle groups.

The motion segment

is a three joint complex

The normal spinal function largely depends on the integrity of these compo-
nents and their coordinated interplay. Kirkaldy-Willis [71] introduced the term
“the three joint complex” to highlight the importance of a normal interaction of
the three joints in a segment, i.e. the intervertebral disc and the two facet joints.
Any alterations in one of these components will result in a disturbance of their
interplay with subsequent dysfunction, finally leading to back pain, deformity
and neurological compromise.
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Figure 1. Functional spinal unit

Schematic representation of a functional spinal unit (motion segment) in a the cervical and b lumbar spine.
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The Intervertebral Disc and Cartilage Endplate

The intervertebral discs are located between the vertebral bodies. They transmit
load arising from body weight and muscle activity through the spinal column
and also provide flexibility to the spine by allowing bending, flexion and torsion.
The discs of the lumbar spine are approximately 7–10 mm thick and 40 mm in
diameter (anterior-posterior), representing one-third of the height of the spine
[120, 141]. Generally, the discs consist of three highly specialized structures: the The disc consists of three

highly specialized structuresanulus fibrosus, the nucleus pulposus and the cartilage endplate that forms the
interface with the adjacent vertebral bodies.

Intervertebral Disc

The intervertebral disc

undergoes dramatic alter-

ations with aging

Among all the tissue components of the spine, the intervertebral discs exhibit the
most striking alterations with age. Because of these dramatic changes, many
spine specialists believe that the disc is a major source of back and neck pain. The
intervertebral disc has attracted much research to unravel the underlying molec-
ular mechanism of disc degeneration. Although the intervertebral disc is much
better explored than other components of the spine, our understanding of its
molecular biology is still in its infancy.

Normal Anatomy and Biochemical Composition

The outer anulus fibrosus

consists of concentric rings

of collagen fibers

The anulus fibrosus is made up of 15–25 concentric rings consisting of parallel
collagen fibers. These rings are termed lamellae and are visible macroscopically
in healthy discs. The collagen fibers in each lamella are oriented at approximately
60° to the vertical axis, alternating left and right to the adjacent lamellae (see
Chapter 2 ). Elastin fibers intersperse the lamellae and may play an important
role in restoration of shape after bending of the spine [161]. The cellular part of
the anulus fibrosus consists of thin and elongated fibroblast-like cells aligned to
the collagen fibers (Fig. 2) [114, 117].

The nucleus is the gelatinous

core of the disc and is rich in

proteoglycan

Surrounded by the anulus fibrosus is the nucleus pulposus, the gelatinous core
of the intervertebral disc. The matrix of the nucleus pulposus consists of ran-
domly organized collagen fibers and radially arranged elastin fibers that are
embedded in a highly hydrated aggrecan-containing proteoglycan gel. Inter-
spersed at a low density are rounded chondrocyte-like cells usually located inside
a capsule in the surrounding matrix (so-called lacunae) [82].

Macroscopically, the boundary between the anulus fibrosus and the gelatinous
nucleus pulposus can only be distinguished in young individuals (Fig. 2). The dif-
ferent mechanical properties of anulus fibrosus and nucleus pulposus are deter-
mined by composition and organization of the respective extracellular matrix.
Although the mechanical properties of nucleus pulposus and anulus fibrosus are
very different, the main components are very similar and consist of:

) water
) proteoglycans
) collagen

Water makes up 80% of the wet weight of the nucleus and 70% of the wet weight
of the anulus [105, 162]. Collagen and proteoglycans fulfil complementary func-
tions in the tissue.
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Figure 2. Normal anatomy and composition

a Mid-sagittal section through a healthy young
intervertebral disc. The white cartilage endplates,
the gel-like nucleus pulposus and the surrounding
anulus fibrosus can easily be distinguished. Large
arrows show the direction of axial load on the disc.
Small arrows indicate dissipation of the compressive
forces to the anulus fibrosus. b Upper panels: sche-
matic presentation of the composition of nucleus
pulposus (NP) and anulus fibrosus (AF) (AG aggre-
can, HA hyaluronan, CII collagen type II fibers, CI col-
lagen type I fibers). Lower panels: histological view
of the chondrocyte-like cells of the NP and the fibro-
blast-like cells of the AF (schematic representation
of the NP matrix adapted from [121]).

Collagens

) are mechanically stable proteins
) provide tensile strength
) are mainly collagen types I and II

Proteoglycans

) consist of chondroitin and negatively charged keratan sulfate chains
) are osmotically active due to their negative charge
) maintain hydration of the tissue through osmotic pressure
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To meet the different mechanical needs of anulus fibrosus and nucleus pulposus,
the compositions of the respective extracellular matrices vary substantially. The

The anulus resists high

tensile forces

anulus fibrosus that is responsible for containing the nucleus pulposus and with-
standing the resulting tensile forces consists of up to 70% (percent dry weight) of
collagen type I and II whereas the nucleus pulposus only contains 20% of colla-
gen [31]. On the other hand, the nucleus pulposus that is responsible for dissipat-
ing the compressive forces on the disc by exerting a hydrostatic pressure on the
anulus fibrosus consists of up to 50% of proteoglycans (percent wet weight),
whereas the anulus fibrosus only contains 20% proteoglycans (Fig. 2b). These
differences in proteoglycan content are also reflected by the water content of the
two tissues (80% in the nucleus pulposus and 70% in the anulus fibrosus).

The collagen and

proteoglycan interplay

influences disc functions

Besides these main components, there are several minor components
including collagen III, V, VI, IX, X, XI, XII and XIV [5, 10, 29, 31, 38, 43, 113] and
also small proteoglycans such as lumican, biglycan, decorin and fibromodulin
and other non-collagenous proteins like fibronectin (Table 1). The exact role
of these additional matrix proteins and glycoproteins is not completely clear
[55, 87].

In the normal disc, matrix

degradation and synthesis

are in balance

It is important to keep in mind that the disc matrix is not a static but a dynamic
structure. The components of the matrix are continuously degraded and
replaced by newly synthesized molecules. Degradation of matrix components is

Table 1. Biochemical disc components

Matrix molecule Tissue distribution
and abundance

Function References

Collagens
Type I
Type II

dominant component: 70 % of the dry weight of
the anulus, 20 % of the dry weight of the
nucleus

[5, 31]
[6, 31]

collagen I: major component of anulus fibrosus tensile strength
collagen II: major component of nucleus pulposus
and cartilage endplate

anchors tissue to bone

Type III minor component of anulus fibrosus mechanical function [126]
Type V minor component of anulus fibrosus mechanical function [126]
Type VI minor component of anulus fibrosus and cartilage

endplate
mechanical function [126]

Type IX minor component of nucleus pulposus and
cartilage endplate

mechanical function: forms
crosslinks between
collagen fibrils

[126]

Type X minor component of hypertrophic cartilage
endplate

mechanical function [126]

Type XI minor component of the nucleus pulposus mechanical function [126]
Type XII minor component mechanical function [126]
Type XIV minor component mechanical function [126]

Proteoglycans

Large
Aggrecan all proteoglycans make 50 % of the wet weight of

the nucleus and 20 % of the anulus
tissue hydration (water
retention)

[25, 135]
Versican [25]

Small
Biglycan tissue hydration [25, 55, 62, 87, 122]

elevated in deg. disc regulate formation of matrix
Decorin mechanical function [87, 122]

regulate formation of matrix
Fibromodulin [87, 134]
Lumican [8, 134]

non-collagenous proteins
Fibronectin minor component role unclear [41, 97]
Elastin minor component (2 %) mechanical function [8]
Chondronectin minor component role unclear [57, 76, 81, 127, 157]
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an enzymatic process catalyzed by matrix metalloproteinases (MMPs) and
aggrecanases that are synthesized by disc cells [27, 118]. The balance between
synthesis, degradation and accumulation of matrix molecules determines the
quality and integrity of the disc matrix and is also prerequisite for adaptation/
alteration of the matrix properties to changing environmental conditions.

Nutritional supply and

waste removal entirely

depend on diffusion

The majority of a healthy adult disc is avascular. The blood vessels closest to
the disc matrix are therefore the capillary beds of the adjacent vertebral bodies
and small capillaries in the outermost part of the anulus fibrosus [24, 46]. The
blood vessels present in the longitudinal ligaments running adjacent to the disc
and in young cartilage endplates (less than 12 months old) are branches of the
spinal artery [49, 50, 142]. As a consequence of the avascularity, the nutrient sup-
ply to the disc cells and removal of metabolic waste products is entirely depen-
dent on diffusion mainly from or to the capillary beds of the adjacent vertebrae
[49]. Animal experiments indicated that the role of the peripheral small capillar-
ies for the nutrient supply is only of minor importance [102]. The dependency of
nutrient supply to the inner parts of the disc on diffusion together with the poor
diffusion capacity of the disc matrix severely limits nutrient and waste exchange.
As a result, a gradient between the inner parts and the peripheral regions of the
disc builds up with very low levels of glucose and oxygen and high levels of the
waste product lactic acid on the inside [49] (Fig. 3). These gradients are even fur-
ther aggravated by the disc cells using oxygen and glucose and producing lactic
acid [49, 56]. The restricted nutrient supply and the increasing acidic milieu, due
to the accumulation of lactic acid, are considered the main factors limiting cell
viability and therefore the integrity of the disc matrix.

Macroscopic Disc Alterations

Onset and progression of age-related alterations of the disc can be determined
with various techniques. MRI allows disc degeneration to be studied in vivo.
Applying this technique revealed that early signs of age-related alterations could

Figure 3. Disc nutrition

Glucose and oxygen concentration were found to drop steeply from the endplate towards the inner part of the nucleus
pulposus (glc glucose, O2 oxygen). Lactate concentration displayed the opposite course, with highest levels in the inner
region (lac lactate). This profile reflects the nutrient limitations in the inner disc and the lower pH values on the inside due
to the acidic waste product lactate. The sagittal section through an intervertebral disc shows the region of the deter-
mined concentrations (adapted from [143]).

98 Section Basic Science



Figure 4. Macroscopic age-related disc changes

Grade I: normal juvenile disc

) nucleus pulposus and anulus fibrosus can clearly be distinguished
) the nucleus pulposus has a gel-like appearance and is highly

hydrated
) anulus fibrosus consists of discrete fibrous lamellae
) cartilage endplates are uniformly thick and consist of hyaline cartilage

Grade II: normal adult disc
) peripheral appearance of white, fibrous tissue in the nucleus pulpo-

sus
) mucinous material is found between the lamellae of the anulus

fibrosus
) thickness of the cartilage endplate is irregular

Grade III: early stage
) consolidated fibrous tissue in the whole nucleus pulposus
) demarcation between nucleus pulposus and anulus fibrosus is lost

and extensive mucinous infiltration in the anulus fibrosus is
observed

) cartilage endplates show focal defects

Grade IV: advanced stage
) clefts in the nucleus pulposus appear, usually parallel to the end-

plate
) focal disruptions are found in the anulus fibrosus
) hyaline cartilage of the endplate is replaced by fibrocartilage; irregu-

larities and focal sclerosis are found in the subchondral bone

Grade V: end stage
) typical disc structure may be lost completely
) clefts extend through nucleus pulposus and anulus fibrosus
) endplates display diffuse sclerosis

The different stages represent age-related changes which occur dur-
ing life (modified from [138]).

Disc degeneration starts as

early as the second decade

of life

already be observed in the second decade of life [47]. However, more detailed
information has been gained from macroscopic postmortem analysis of interver-
tebral disc tissue from individuals of various ages [92]. These studies have led to
grading systems that on one hand allow the evaluation of stages of disc degenera-
tion, but also illustrate the process of age-related degeneration. The original
grading system was established by Friberg and Hirsch (and propagated by Nach-
emson) and has been further refined by Thompson et al. [34, 95, 138]. Thomp-
son’s grading system distinguishes five stages that describe age-related degener-
ation from healthy young discs leading to old heavily degenerated intervertebral
disc (Fig. 4) [138]:

Microscopic Alterations of the Disc During Aging

To improve the rather poor resolution of macroscopic approaches to analyzing
disc degeneration, Boos et al. established a histological degeneration score
(HDS) [17]. Studying age-related changes at the microscopic level, several hall-
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Figure 5. Microscopic
age-related disc changes

Histologic routine stainings repre-
senting age-related alterations of the
intervertebral disc (a–e) and the carti-
lage endplate (f–j). Upper picture
shows slight degenerative change of
the respective feature, the lower pic-
ture severe alterations (a–h). a Chond-
rocyte proliferation; b mucous degen-
eration; c cell death; d tear and cleft
formation; e granular changes; f cell
proliferation; g cartilage disorganiza-
tion; h presence of cartilage cracks;
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Figure 5. (Cont.)

i formation of new bone; j bony
sclerosis (according to Boos et al.
[17]).

marks for degenerative changes were identified for the intervertebral disc and
the cartilage endplates (Fig. 5).

Intervertebral Disc

) chondrocyte proliferation (increasing cell clusters due to reactive prolifera-
tion)
) mucous degeneration (accumulation of mucous substances)
) cell death
) tear and cleft formation
) granular changes: increasing accumulation of granular tissue

Cartilage Endplate

) cell proliferation
) cartilage disorganization
) presence of cracks in the cartilage
) presence of microfractures
) formation of new bone
) bony sclerosis

Chondrocyte proliferation

is the first sign of disc

degeneration

First signs of tissue degradation are seen between 10 and 16 years of age when
tears in the nucleus pulposus occur along with focal disc cell proliferation and
granular matrix transformation [17]. In parallel, the amount and extent of acidic
mucopolysaccharides in the matrix increase. The general structure of the nucleus
pulposus and the anulus fibrosus, however, is preserved in this age group.
In the young adult disc (up to approx. 30 years of age), the aforementioned
changes of the nucleus pulposus are observed to a considerable extent. The
nucleus is accordingly transformed by multiple large clefts and tears and the
matrix shows significant granular changes. In this age group the first histologic
changes occur in the anulus fibrosus.

The adult disc (30–50 years) is characterized by a further increase in the
changes with respect to extent. In this age group particularly the anulus fibrosus
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Advanced disc degeneration

is indicated by a loss of

nuclear/annular distinction

is more and more affected, resulting in a loss of the clear distinction between
nucleus and anulus. Finally, at advanced age (50–70 years) tissue alterations
become most severe. Huge clusters of proliferating cells are observed near clefts
and tears that are filled with granular material. In individuals older than 70 years,
the structural abnormalities change more to scar-like tissue and large tissue
defects. At this stage, differentiation of the anatomical regions is no longer possi-
ble. Therefore, histological features can hardly be determined and characterize a
“burned-out” intervertebral disc.

The histological approach, although it largely parallels the macroscopic classi-
fication proposed by Thompson et al. [138], provides a more reliable classifica-

Disc degeneration exhibits

a spatial heterogeneity

tion of age-related alterations of the intervertebral disc [17]. Whereas macro-
scopic and histological approaches concur in the progressive loss of structure in
all anatomical regions of the intervertebral disc, the microscopic approach
revealed an earlier occurrence of nuclear clefts already in the second decade of
life. In addition, the histologic approach revealed the heterogeneity of the alter-
ation within the disc, indicating relevant spatial differences with more alter-
ations usually present in the posterolateral aspects of the disc.

In addition, the microscopic approach underlined the importance of nutritional
supply to the disc cells for the maintenance of a healthy disc and the lack thereof for
the onset and progression of disc degeneration. Since vascularization was seen to
disappear from the disc during the first decade, nutritional supply to the disc cells
becomes severely impaired during the subsequent phase of growth [17].

Age-Related Changes in Vascularization and Innervation

Although there is still some debate over the presence of blood vessels and nerve
The disc is the largest

avascular structure

of the human body

endings in the inner portions of pathologic discs, there is consensus that the
healthy adult disc is the largest avascular and aneural tissue in the human body
[61, 88]. This absence of significant vascular supply to the intervertebral disc
matrix has important consequences for the maintenance of discal structures as
discussed above [17, 88].

In fetal and early infantile intervertebral discs blood vessels penetrate both the
endplate and the peripheral region of the anulus fibrosus. However, by late child-
hood the blood vessels disappear, leaving only small capillaries accompanied by
lymph vessels that penetrate up to 2 mm into the outer anulus fibrosus [46, 124].
Since the importance of this peripheral vascularization for the nutrient supply of
the disc is not known in detail, the consequences of its disappearance are also
unknown. More important for the blood supply to the inner regions of the disc and
therefore better described is the vascularization of the interface between adjacent
vertebral bodies, cartilage endplate and the disc. The vertebral bodies are supplied
by different arteries that are either responsible for the outer regions, the mid-anulus

Vascular changes in the

endplate play a key role

in the nutritional supply

region, or the central core [23, 116]. These arteries of the vertebral body feed capil-
laries that, after penetrating channels in the subchondral plate, terminate in loops
at the bone-cartilage interface [143]. The channels penetrating the subchondral
plate are present in the fetus and infants, but disappear during childhood, compro-
mising the blood supply to the inner disc [22]. Later during aging, sclerosis of the
subchondral plate is observed and the cartilage endplates undergo calcification fol-
lowed by resorption and finally replacement by bone [14, 28]. These age-related
changes at the bone-disc interface restrict blood supply to the disc even further,
finally cutting off nutrient supply to the inner parts of the disc [13, 96]. So far, it is

Calcification of the

endplates and occlusion of

the vascular channels are

detrimental to the disc

not entirely clear whether calcification of the endplates causes disc degeneration or
if age-related changes during degeneration in the environment of the endplates lead
to calcification. However, it is thought that the impairment of the already critical
supply of the disc cells with nutrients might be a major cause of disc degeneration.
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In contrast to fetal discs,

the adult disc is aneural

Distribution of nerve fibers is very similar to the occurrence of blood vessels, as
they are only, if at all, detectable in the outermost zone of the anulus fibrosus of
healthy adult discs. In contrast, fetal and infantile discs contain small nerve
structures adjacent to vessels also in central portions of the disc, i.e. the transi-
tion zone between nucleus pulposus and anulus fibrosus. Concomitant with the
closure of the vessels, neural structures also disappear.

From adult age on, the intervertebral disc remains avascular and aneural until
advanced age. Only in those rare cases where the disc is completely destroyed and
fibrously transformed may the ingrowth of blood vessels be associated with
innervation of this fibrous tissue. Accordingly, this pattern is restricted to those
cases where the original disc structure is completely lost.

Molecular Changes of the Extracellular Matrix During Aging

The structure and composition of the extracellular matrix are of fundamental
Collagens I and II are the

main structural disc

components

significance for the biomechanical properties of the intervertebral disc. Collagen
represents the main structural component of the discal extracellular matrix with
variable compositions of isoforms seen in the different anatomic subsettings.
Collagen types I, III, V and VI are components of the normal anulus fibrosus, and
the normal nucleus pulposus contains collagen types II, IX and XI. While the
overall collagen content in the nucleus pulposus remains fairly constant over the
years, that of the anulus fibrosus decreases with advancing age.

In addition to these quantitative changes, there are significant qualitative
changes in the distribution of disc collagens during aging:

Nucleus Pulposus

) appearance and increasing amount of collagen type I
) appearance of collagen type X in individuals older than 60 years
) increasing amounts of collagen type III and VI

Age-related changes

of collagen are

predominantly qualitative

Anulus Fibrosus

) decreasing expression of collagen type IX
) appearance of collagen type X in individuals older than 60 years in the inner

anulus fibrosus
Besides collagens, aggrecan, a proteoglycan, is a major component of the
disc matrix. In a healthy intervertebral disc, aggrecan is present in the
nucleus pulposus as large aggregates with hyaluronan. During degeneration
aggrecan molecules are increasingly subjected to proteolytic cleavage.

Cleavage of aggrecan has severe consequences for the healthy disc:

) smaller aggrecan fragments are generated that diffuse more easily from the
disc matrix
) loss of aggrecan resulting in decreasing osmotic pressure
) dehydration of the disc matrix
) increased outflow of matrix molecules
) increased inflow of mediators such as growth factor complexes and cytokines

Aggrecan loss significantly

compromises biomechanical

properties

Taken together, changes in the composition of the disc matrix often result in a
loss of disc height. This rapid loss of disc height puts the apophyseal joints to
abnormal loads, predisposing to osteoarthritic changes. Loss of disc height also
allows the ligamentum flavum to thicken, leading to a narrowing of the spinal
canal.
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The observed changes in the molecular composition of the disc matrix are
mainly due to degradation of the existing matrix components and synthesis of
new matrix components. During degeneration the balance between degradation
and synthesis is disturbed, leading to increased degradation and therefore
resulting in loss of tissue from the disc. This loss of tissue due to proteolytic
destruction of the matrix components goes along with the occurrence of clefts
and tears, which in turn leads to biomechanical instability and thus to a loss of
functional properties of the disc. Therefore, the proteolytic matrix destruction
holds a central role in disc degeneration [98].

Disc collagens are degraded

by various matrix

metalloproteinases

The most important proteolytic enzymes during matrix degradation are the
matrix metalloproteinases (MMPs). The members of the MMP family differ in
their specificity for collagen types (Table 2).

Table 2. Matrix degrading enzymes and their inhibitors

Enzyme Synonym Function References

Degrading enzymes
MMP1 collagenase I degradation of collagen I, II, III, VII, X [9, 154]
MMP3 stromelysin I degradation of gelatin I, III, IV, collagen III,

IV, X, fibronectin, proteoglycans
[154]

MMP9 gelatinase B degradation of gelatin I, V, collagen IV, V [154]
MMP 13 collagenase III degradation of collagen I [154]
ADAMTS4 aggrecanase I degradation of aggrecan

Inhibitors
TIMP1 MMP inhibitor [140]
TIMP2 MMP inhibitor [140]
TIMP3 aggrecanase inhibitor [140]

MMP = Matrix Metalloproteinases, TIMP = Tissue Inhibitors of MMPs, ADAMTS = A Disintegrin
and Metalloproteinase with Thrombospondin Motif

While infantile and juvenile discs contain only very small amounts of various
MMPs, the MMP expression in areas of degenerative changes is significantly upre-
gulated [154]. Additionally, there is evidence that increased activity of proteolytic
enzymes has to be noted in regions of clefting and tissue disruption. MMP activity
is tightly regulated on many levels: at transcriptional level by cytokines, growth
factors, cell-cell and cell-extracellular matrix interaction. At post-translational
level, regulation consists of proteolytic activation. After activation, MMPs are
modulated in their function by tissue inhibitors of matrix metalloproteinases
(TIMPs), which are increasingly found in degenerated and herniated discs [140].

Aggrecan is degraded

by specific proteinases

(aggrecanases)

Besides the MMPs, aggrecan-specific proteinases, the so-called aggrecanases,
also play a major role in matrix degradation. Although far less characterized
compared to the MMPs, two aggrecanases have been identified, ADAMTS-4 [139]
and ADAMTS-5 [1] (A Disintegrin And Metalloproteinase with Thrombospon-
din Motif [75]). These aggrecanases differ in their specificity for parts of the
aggrecan molecule. Whereas ADAMTS-4 was detected in increasing levels with
increasing degeneration, ADAMTS-5 was so far only detected in in vitro model
systems for disc degeneration [77, 128].

The combined action of various proteinases and the ratio between these deg-
radative processes and the synthesis of new matrix components are responsible
for the remodeling of the disc matrix during degeneration.

Modulation of Cells and Matrix by Cytokines and Growth Factors

Cytokines and growth

factors modulate disc matrix

Many studies have analyzed the ability of disc cells to either produce or respond
to cytokines and growth factors (Table 3). There is more and more evidence that
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Table 3. Major cytokines of the intervertebral disc

Enzyme Function References

TNF- [ Proinflammatory cytokine, proapoptic [7, 9, 20, 93]
IL-1 [ s Proinflammatory cytokine, chemokine [18, 58, 123]
IL-1 q Proinflammatory cytokine, chemokine [60, 132]
IL-6 Proinflammatory cytokine, chemokine [7, 132]
IL-8 Proinflammatory cytokine, chemokine [7, 132]
IL-10 Inhibition of pro-inflammatory cytokine, chemokine [132]
GM-CSF Proinflammatory cytokine [7, 21]
PGE2 Tissue degradation, inflammation, angiogenesis [7, 21]
TGF- q Growth factors for proteoglycan synthesis [7, 74]
PLA-2 Biosynthesis of prostaglandins
COX2 Biosynthesis of prostaglandins [93]

cytokines and growth factors are responsible for the alterations of the disc matrix
described above [7, 20, 93]. However, for most factors it is difficult to distinguish
if they are part of the normal, age-related degeneration process or mainly impor-
tant during pathological changes of the disc. Therefore, the mechanism of cyto-
kine action is of major importance for the understanding of disc degeneration
and also represents a potential target for therapeutic interventions. Despite this
importance, only little is known about the age-related changes in cytokine and
growth factor expression patterns.

IL-1, TNF- [ and TGF- q

are upregulated in disc

degeneration

Among the factors that have been identified to be either produced by disc cells
or that can be recognized by disc cells, two major groups can be distinguished:
proinflammatory cytokines with mostly catabolic activity (represented by inter-
leukins and TNF- [ ) and growth factors with mostly anabolic effects (such as
TGF- q ) [7]. Recent studies provide evidence that factors of both classes are
induced during age-related degeneration. Weiler et al. demonstrated that TNF- [
was found in an increasing proportion of cells with increasing age in non-symp-
tomatic intervertebral discs [153]. Among the adult disc specimens, increasing
levels of TNF- [ were found with increasing degeneration. In addition, members
of the interleukin-1 (IL-1) family were found to be produced in non-degenerated
and degenerated intervertebral discs and displayed an increasing amount with
increasing disc degeneration [78]. Expression and secretion of these two main
cytokines has several consequences:

TNF- [

) probably inducing MMP synthesis
) increased prostaglandin E2 (PGE2) production

IL-1

) enhancing proteoglycan catabolism
) inducing production of PGE2 and nitric oxide (NO)
) inducing production of MMPs (MMP-3 and MMP-13)
) stimulation of phospholipase A2 (PLA2) production

Proinflammatory cytokines

may diffuse out of the

disc through tears and clefts

and cause peridiscal

inflammation

Interestingly, the induction of interleukins and TNF- [ may initiate a local
inflammatory reaction, but – by rapid diffusion through nuclear and annular
clefts and tears – may also induce inflammation in the peridiscal space, which is
very well innervated. This hypothesis has been supported by the observation that
TNF- [ applied to the dorsal root ganglion caused pain behavior in animal stud-
ies [94]. Thereby, TNF- [ might be the linking factor between degenerative pro-
cesses and the induction of discogenic pain.
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TGF- q is a cytokine with matrix-inducing activity (anabolic effect) that is syn-
thesized in increased amounts in the degenerated disc [97]. Since TGF- q is a
potent stimulator for the synthesis of various matrix components, its enhanced
expression during degeneration might indicate a rearrangement of the matrix.
This may consequently be responsible for the matrix disarrangement, including
the formation of granulation tissue, characterized by changes to collagen and
proteoglycan synthesis and also changes to the collagen composition of the
matrix. Although the synthesis of TGF- q has been shown in disc cells, the mecha-
nism of TGF- q induction remains unknown.

Disc degeneration is

characterized by an

imbalance of matrix

synthesis and degradation

Taken together, alterations to the expression of catabolic and anabolic factors
during degeneration might disturb the delicate balance between matrix synthesis
and degradation that is essential for the maintenance of a healthy disc matrix.
Once this balance is disturbed, degeneration progresses together with matrix
degradation or alteration.

Etiology of Disc Degeneration

Although the etiology of disc degeneration is far from being understood, there is
consensus that not a single factor can be held responsible for the complex phe-
nomenon of disc degeneration. Rather a multitude of exogenous and endoge-
nous factors, each contributing individually, might influence the progress of
degenerative changes of the discs. These factors can be divided into three main
groups:

) nutritional effects
) genetic predisposition
) mechanical load

Insufficient nutritional supply of the disc cells is thought to be a major problem
contributing to disc degeneration. Since the intervertebral disc is the largest
avascular tissue in the human body, its cells are facing the precarious situation of
having to maintain a huge extracellular matrix with a “fragile” supply of nutri-
ents that is easily disturbed. Whereas the cells in the outer anulus fibrosus may be

Failure of disc nutrient

supply primarily causes

disc degeneration

supplied with nutrients from blood vessels in the adjacent longitudinal liga-
ments, the supply of the nucleus pulposus cells is almost completely dependent
on the capillary network in the vertebral bodies. Due to the size of the interverte-
bral disc, the nutrients need to diffuse from the capillaries through the endplate
and the disc matrix to the cells in the nucleus of the disc. With the originally car-
tilaginous endplates becoming calcified when degeneration progresses, the sup-
ply of disc cells with nutrients will become even more restricted. This will conse-
quently lead to:

) limited nutrient supply (glucose and oxygen) particularly in the disc center
) accumulation of waste products (e.g. lactic acid) with decreasing pH

This was verified by measurements demonstrating that oxygen concentrations
were very low in the nucleus and increased towards the disc surface, whereas

The accumulation of lactic

acid is detrimental to the

disc

the lactic acid concentration showed the reverse profile [51]. Since lactic acid is
not only the major waste product of disc cells but also an acid, its accumulation
results in a lowered pH inside the disc. In vitro experiments have shown that
low oxygen concentrations and acidic pH significantly affect the synthetic
activity and especially proteoglycan synthesis rates of disc cells, which might
lead to a fall in proteoglycan content and therefore to disc degeneration in vivo
(Fig. 4).Genetic predisposition

has a major impact

on disc degeneration

The timeframe for these alterations (i.e. early or late) appears to be predeter-
mined by genetic predisposition. Several recent studies have reported a strong
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familial predisposition for disc degeneration and herniation [48, 83, 84, 144].
Heritability for disc herniation exceeded 60% [11]. Genetic predisposition has
been confirmed by recent findings of associations between disc degeneration and
polymorphisms in various classes of genes:

Genes Encoding for Matrix Components

) aggrecan [70]
) collagen type IX [59, 67, 68, 100, 131]
) collagen type I [112]
) cartilage intermediate layer protein (CILP) [129]

Genes Encoding for Cytokines

) interleukin-1 (IL-1) [130]
) interleukin-6 (IL-6) [101]

Genes Encoding for Proteinases

) matrix metalloproteinase-3 (MMP-3) [136]

Genes Encoding for Miscellaneous Proteins

) vitamin D receptor [63, 69, 147, 148]

All polymorphisms identified so far affect genes that are involved in the mainte-
nance of integrity or functionality of the disc matrix, suggesting that the genetic
background plays a major role in the integrity of a healthy disc. If mutations in

Environmental factors

have only modest effects

on disc degeneration

these genes occur, normally innocuous conditions or forces might lead to accel-
erated or enhanced degenerative changes, suggesting that disc degeneration may
be explained primarily by genetic influences and that environmental factors
have only modest effects. However, it is important to keep in mind that despite
the dominating role of genetic predisposition, injuries can occur when normal
forces are applied to abnormally weak tissues, or when abnormally high forces
are applied to normal tissues [2].

Abnormal mechanical loads

contribute secondarily

to disc degeneration

Considering the influences of the genetic predisposition discussed above, the
impact of mechanical forces on disc degeneration is only minor. Therefore, it is
not surprising that several studies carried out in humans did not provide a strong
causal link between occupational exposures and disc degeneration [146]. Even
well-controlled animal experiments did not provide a conclusive connection
between mechanical load and degeneration. However, it is conceivable that
abnormal loads might cause damage to the adjacent vertebral bodies, especially
the bony endplates, which in turn might contribute to the initiation of disc
degeneration [3].

The Cartilage Endplate

Normal Anatomy and Composition
Cartilage endplates

are mechanically important

and influence nutritional

pathways and growth

A morphological distinction of the disc and bone interface is the thin cartilage
endplate. This thin layer of hyaline cartilage interfaces the disc and the vertebral
body. The collagen fibers within it run horizontal and parallel to the vertebral
bodies along with the fibers continuing into the disc [120]. At birth, the human
cartilage endplates make up approximately 50% of the intervertebral space
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(compared with approximately 5% in the adult) and have large vascular channels
running through them. Soon after birth, the vascular channels of the cartilage
endplate fill in with extracellular matrix such that no channels remain by the end
of the first life decade. The cartilage endplate in humans functions in early life as
a growth plate for the adjacent vertebral body; its structure is typical of that seen
in the epiphyseal growth plate of long bones. This structure is lost during skeletal
maturity. By adulthood, the cartilage endplate is a layer of hyaline cartilage
(approximately 0.6 mm thick) with calcified cartilage adjoining the bone. The
endplate occupies the central 90% of the interface between the disc and the verte-

The endplate is important

for the mechanical support

and nutritional supply

of the disc

bral body, encompassed by a ring of bone that forms via the epiphysis fusing with
the vertebral body in the rim region. The endplate is totally avascular and aneu-
ral in a healthy adult. Biomechanical properties of the cartilage include collagen
types II, III, V, VI, IX, and X, which alter by age [99]. Functionally, the endplate
is involved in two important mechanical functions [19]:

) preventing the nucleus pulposus from bulging into the vertebral bodies
) partially absorbing the hydrostatic pressure dissipated by the nucleus pulpo-

sus under loading

Similar to the disc, the ability of the endplate to withstand mechanical forces
depends on the structural integrity of the matrix.

Age-Related Changes

Roberts et al. [119, 120] identified changes in the endplate that are becoming
more frequent in the third decade of life:

) fissure formation
) fractures
) horizontal cleft formation
) death of chondrocytes
) increased vascular penetration
) extension of calcification and ossification

A study of cadaveric human vertebrae demonstrated that the number of vascular
channels perforating the osseous vertebral endplate diminishes drastically
between 6 and 30 months of age [30]. Analyses on the microscopic level revealed
that the abundance of obliterated blood vessels in the endplate gradually
increases between 1 month and 16 years of age. The decrease in blood vessels
[17] is paralleled by:

) an increase in cartilage disorganization
) a decrease in endplate cell density
) cartilage cracks
) microfractures

Endplate calcification/

ossification obstructs

nutritional pathways

These changes, especially the loss of blood vessels, can cause nutritional con-
sequences for the intervertebral disc. With advanced degeneration and
markedly reduced disc height, further changes of the endplate are induced
resulting in:

) complete endplate disarrangement
) dense sclerosis of the adjacent vertebral bodies
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The Facet Joints

Normal Anatomy

The facet joints, also called zygapophyseal joints, are paired diarthrodial articu-
lations between the posterior elements of adjacent vertebrae (Fig. 2). The joints
exhibit the features of typical synovial joints and are an essential part of the pos-
terior support structures of the spine consisting of:

) pedicles
) lamina
) spinous and transverse processes

Anatomically, the facet joints are responsible for restraining excessive mobility and
for distributing axial load over a broad area. Adams and Hutton have found that

The facet joints resist most

of the shear forces

the facet joints resist most of the intervertebral shear force [4]. The posterior
anulus is protected in torsion by the facet surfaces and in flexion by the capsular
ligaments. The posterior elements also serve as anchors for the spinal muscles.
The earlier described “menisci” in the joints were found to be rudimentary
fibrous invaginations of the dorsal and ventral capsule. They are basically fat-
filled synovial reflections, some of which contain fibrous tissue probably as a
result of mechanical stress. At the posterolateral aspect of the facet joint, a
fibrous capsule composed of several layers of fibrous tissue and a synovial mem-
brane is present. It has been shown that the synovial lining (small C-type pain

The facet joint capsules are

richly innervated

fibers) and the capsules are richly innervated [16, 133]. This suggests that the
facet joints dispose of the sensory apparatus to transmit inceptive and nocicep-
tive information [16].

Age-Related Changes

Facet malorientation and

malalignment predispose

for osteoarthritis

As seen in large synovial joints, a strong correlation has been found between ori-
entation and misalignment of the joints as a predisposing factor for development
of osteoarthritis. In contrast to osteoarthritic large synovial joints, the covering
of the articular surfaces with hyaline cartilage is frequently retained in posterior
intervertebral joints [137, 145]. This was observed even in the presence of large
osteophytes and dense sclerosis of the subchondral bone. Preservation of articu-
lar cartilage is thought to be a sequela of changing joint surfaces. Late stages of

Osteoarthritis of large

synovial and facet joints

share common features

facet joint osteoarthritis (OA) also demonstrate the classic features of synovial
joint disease:

) complete loss of articular cartilage
) cysts and pseudocysts in the bone
) dense bone sclerosis
) large osteophyte formation

Spontaneous ankylosis

of the facet joints is rare

At this stage endplate fractures can occur which resemble breaches in the sub-
chondral bone plate with protrusion of a portion of the articular cartilage into
the subarticular bone. Spontaneous fusion of the facet joints is very rare in the
absence of ankylosing spondylitis or ankylosing hyperostosis.

Several authors [42, 137] have investigated the changes of zygapophyseal
joints in relation to their biomechanical function. Changes in subchondral bone
and articular cartilage in particular areas of the facets were corresponding to
loading and shear forces imposed on them. Damage on the inferior surfaces
lends some support to the hypothesis that their apices impact the laminae of the
vertebra inferior to them as a result of degeneration and narrowing of the associ-
ated intervertebral disc. Fujiwara et al. [36] were able to show that subchondral
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Subchondral sclerosis is an

early sign of facet joint OA

sclerosis significantly decreased the motion and that severity of osteophytes had
no significant association with the segmental motion.

According to Kirkaldy-Willis’ concept (see Chapter 19 ), progressive degen-
erative changes in the posterior joint lead to marked destruction and instability

Disc degeneration often

precedes facet joint OA

[71]. Similar changes in the disc can result in herniation, internal disruption and
resorption. Combined changes in the posterior joint and disc sometimes produce
entrapment of a spinal nerve in the lateral recess, central stenosis at one level, or
both of these conditions. Changes at one level often lead, over a period of years,
to multilevel spondylosis and/or stenosis [72, 159]. Developmental stenosis is an
enhancing factor in the presence of a small herniation leading to degenerative
stenosis. Although several studies have provided some evidence that disc degen-
eration usually precedes facet joint osteoarthritis, the grade of disc degeneration
did not correlate with those of the facet joint. The effect of muscle function
remains controversial and will be discussed later.

Vertebral Bodies

Normal Anatomy and Composition

The bony components of the spine are responsible for the static stability of the
spinal column. The microscopic (biochemical, cellular) and macroscopic archi-
tecture of the bone is well known and will not be repeated in this chapter.

Age-Related Changes

Aging decreases vertebral

strength and predisposes

to fractures

Aging of the vertebral bodies is generally characterized by a decreased structural
strength, mainly due to osteoporosis. Decreased structural strength is a result of
changes to the:

) bone mineral density (BMD)
) bone architecture
) bone remodeling rate
) bone repair rate

a

b

Figure 6. Age-related
changes of the verte-
bral bodies

a A decline of structural
strength due to osteopo-
rosis can lead to a col-
lapse of the vertebral
body resulting in severe
bulging of the interverte-
bral disc into the verte-
bral body. b Alternatively,
age-related alterations to
the vertebral bodies
often lead to osteophyte
formation, sclerosis and
parallel collapse of the
intervertebral disc.
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The increased bone fragility induces osteoporotic fractures which lead to a bulg-
ing of the disc into the vertebral bodies (Fig. 6a), kyphotic vertebral deformities
and sagittal imbalance (see Chapter 32 ). There is always some degree of osteo-
phyte formation at the peripheral margins of the vertebral bodies, seen more
anterolaterally than posteriorly. Bony ankylosis is seen only rarely since interver-
tebral disc tissue is usually found between the edges of the osteophytes. Most
interestingly, not all individuals follow this course. There appears to be a different
course which is characterized by a severe sclerosis of the endplate with complete
collapse of the intervertebral discs (Fig. 6b). In these cases, ankylosing of verte-
bra may occur and vertebral compression fracture appears less likely. Due to a
complete disc collapse, osteophyte formation and narrowing of the spinal canal
and and foramen can result in compression of the cauda equina and nerve roots
(see Chapter 19 ) [32].

Spinal Ligaments

Normal Anatomy and Composition

Ligaments surrounding the spine provide intrinsic stability to the spine and limit
motion in all planes. The microscopic (biochemical, cellular) and macroscopic
architecture of the ligaments is well known and will not be repeated in this chap-
ter. The spinal ligament complex includes:

) interspinous ligaments
) supraspinous ligaments
) intertransverse ligaments
) yellow ligaments (ligamentum flavum)
) anterior and posterior longitudinal ligaments

High amounts of oriented fibrillar collagen provide tensile properties and are
present in all ligaments [107, 149]. As an exception, the ligamentum flavum con-
tains a high percentage of elastin [52].

Age-Related Changes

With aging, as in other tissues, ligaments undergo macroscopic and biochemical
changes:

) collagen and water concentration declines
) reducible collagen cross-links decrease
) non-reducible cross-links increase
) collagen fibrils become disorganized

Aging decreases

ligamentous stabilization

and can contribute

to spinal stenosis

These changes affect the biomechanical behavior of the spinal ligaments [103,
104]. Cadaver studies have demonstrated that elastic modules and ultimate ten-
sile stress of tendons as well as their restraining energy to failure were two to
three times greater in young specimens (16–25 years) than in older specimens
(48–68 years). Especially, the increase in elastin with age leads to decreased ten-
sile properties, therefore affecting stabilization of the spine by the longitudinal
ligaments.

Yellow ligament

hypertrophy contributes

to spinal stenosis

During aging, a hypertrophy of the ligamentum flavum is often observed [12,
72, 125, 156, 160]. This thickening together with a loss of disc height during
degeneration causes bulging of the ligamentum flavum and therefore contributes
to the narrowing of the spinal canal. All these changes will alter the biomechanics
of the spine and can contribute to a compression of neural structures (spinal ste-
nosis) [37, 54].
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Spinal Muscles

Normal Anatomy and Structure

Skeletal muscles provide active movement of the articulated skeleton and main-
tenance of its posture. The basic property of the skeletal muscle is the contractil-
ity of its protoplasm (sarcoplasm).

The basic structure of the skeletal muscle is the muscle fiber, which is a fusion
of many cells. This multinucleated cell can vary in size depending on the function
of the muscle. An anterior horn cell in the myelon, its axon, the myoneural junc-
tion and the individual muscle fiber is called a “motor unit”. Two types of skele-
tal muscle fiber can be distinguished by structure and function:

) slow twitch muscle fibers (ST)
) fast twitch muscle fibers (FT)

The properties of the two fiber types are summarized in Table 4.
Paraspinal muscles

significantly contribute

to spinal stability

The muscles of the trunk and pelvis have a major role in motion as well as
dynamic and static stabilization of the spine (see Chapter 2 ). Postural dorsal
(intrinsic) and abdominal muscles (extrinsic) are constantly active in a standing
position. In motion, both muscle groups permit equilibrium and control of sta-
bility through antagonistic action to each other. Although the effect of intrinsic
and extrinsic actions of the muscles was not included in the model of Kirkaldy-
Willis, Goel et al. were able to show that muscles imparted stability to the motion
segment [39]. The presence of muscles also led to decrease in stresses in the ver-
tebral body, the intradiscal space and other mechanical parameters of impor-
tance. In an animal model by Kaigle et al. [66], paraspinal lumbar muscles were
less efficient in providing stability during flexion-extension when chronic lesions
were made in the intervertebral disc and facet joints. This observation provided
evidence for a neuromuscular feedback system that is compromised by degene-
rated motion segments. Therefore, trunk muscles not only stabilize the spine but
are also affected by degenerative alterations of the spine.

Age-Related Changes

Age-related muscle degeneration is characterized by:

) decrease in size (loss of muscle mass)
) fatty infiltration
) deposits of connective tissue

Loss of muscle mass resulting from a decrease in the number and size of muscle
cells appears to be the major cause of this change. Starting at the age of 25 years,
skeletal muscle mass declines at a rate of 3–8% per decade until the age of
50 years; thereafter the rate of decrease increases to 10% per decade [89, 90]. Loss
of muscle mass is evident in the considerable decrease in strength. Between the

Table 4. Fiber types present in skeletal muscles

Slow twitch fibers (ST) Fast twitch fibers (FT)

Type Type I Type II
Endurance long term short term
Contraction velocity slow fast
Glycolytic capacity low high
Oxidative capacity high low
Resistance to fatigue high low
Activity aerobic anaerobic
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ages of 30 and 80 the strength of the muscle groups in the upper and lower
extremities and the back decreases by as much as 60% [73]. This age-related loss
of muscle mass, also called sarcopenia, is thought to be caused by immunological
and hormonal changes that occur with increasing age [150]. Interestingly, the
factors found to be involved in sarcopenia vary between genders. In women sar-
copenia is associated with estrogen, vitamin D levels and low IL-6 levels, whereas
in men testosterone, physical performance and TNF- [ were found responsible
[53, 110, 111].

Age-related loss of muscle

mass is caused by hormonal

and immunological changes

Investigations applying imaging techniques such as CT and MRI demon-
strated that the loss of muscle mass during aging is accompanied by the presence
of deposits of fat and connective tissue in the muscles [85, 108]. Interestingly,
Parkkola et al. demonstrated that fat deposits were only found in paraspinal
muscles but not in psoas muscles and that the amount of fat in the paraspinal
muscles increased with age [108]. Although several studies found a correlation
between fat deposits in paraspinal muscles and the occurrence of low back pain,

Muscle atrophy is not

closely linked to LBP

it is not yet clear if muscle atrophy, determined by higher amounts of fat, causes
low back pain, or if muscle atrophy is a sequela to muscle disuse due to chronic
low back pain [65, 91, 109].

This age-related loss of muscle mass might compromise the stabilization of the
spine by disrupting the balanced antagonist action of extensor and flexor mus-
cles. The resulting imbalance, together with age-related alterations in other parts
of the spine, might cause conditions such as degenerative scoliosis and may be a
starting point for progressive disorganization of the spine [106].

One example of destabilization of the spine due to muscle loss is known as pro-
gressive lumbar kyphosis. This condition is believed to be caused by a non-spe-
cific myopathy of the paraspinal muscles resulting in a forward flexion of the
trunk. Delisle et al. identified the muscular changes as type 2 muscle fiber atro-
phy in the multifidus muscle, the innermost and shortest of the paraspinal mus-
cles [26].

In this context, Haig et al. were able to show that paraspinal denervation of the
muscles was most pronounced in patients suffering from low back pain [44].
Although denervation was also seen in asymptomatic controls, the authors sug-
gest that paraspinal denervation might play a role as a cause or exacerbator of the
degenerative cascade described by Kirkaldy-Willis (see Chapter 19 ).

Age-related muscle loss

causes destabilization and

aggravates degenerative

changes

However, often the musculoskeletal system is able to compensate for muscular
degeneration and restore stabilization of the spine. Parkkola et al. [109] demon-
strated an age-related atrophic phenomenon of the trunk muscles in patients
with back pain in comparison with an asymptomatic control group. In this study,
no correlation was found between isometric strength of the muscles and their
cross-sectional area. Symptomatic patients with muscle degeneration did show
better strength testing than asymptotic patients with an identical degree of mus-
cle degeneration. The authors concluded that atrophic muscles secondary to pain
restrictions are able to use the remaining muscle mass more efficiently than those
whose atrophy is related to a sedentary lifestyle without clinical symptoms [109].

On the whole, degeneration of muscles, especially the paraspinal muscles,
causes a disturbed equilibrium between the two antagonists, leading to
decreased motion stability inducing a kyphotic attitude in the lumbar spine or
scoliotic deformations.

Age-Related Changes of the Spine Chapter 4 113



Recapitulation

In the next 25 years, a doubling of the number of
people over the age 65 years can be expected. A
significant increase in patients suffering from mus-

culoskeletal impairments will result. In the muscu-
loskeletal system, the spine with its three joint

complex is subjected to earlier and more often age-
related alterations than the other parts. Alterations
to components of the spine can lead to chronic dis-
abilities with enormous socioeconomic impact.

Intervertebral disc. During aging, the disc matrix
undergoes major alterations including the degra-
dation of its main matrix components collagen and
proteoglycans, especially aggrecan. The loss of ag-

grecan from the nucleus pulposus is a major hall-
mark in disc degeneration leading to a decrease of
osmotic pressure in the disc with consecutive loss
of water and fibrotic transformation of the tissue.
Loss of water results in changes of the mechanical
behavior, causing cleft and tear formation, loss of
disc height and herniation. Molecular changes to
the disc cells results in increased expression of ma-
trix degrading proteinases that are modulated by
cytokines and/or growth factors. Although disc
degeneration is influenced by a complex network
of factors, the main contributions are the limited,
diffusion-dependent nutritional supply to the disc
cells due to the avascular nature of the disc and the
genetic predisposition.

Cartilage endplate. The cartilage endplates form
the interface between the well-vascularized verte-
bral bodies and the intervertebral disc. Age-related
changes include fissure formation, fractures, hori-
zontal cleft formation, death of chondrocytes, ex-
tension of calcification and ossification. Especially
calcification and ossification decrease the perme-
ability of the endplate, inhibiting the diffusion of
nutrients to the inner parts of the disc contributing
to the limited nutritional supply of the disc cells.

Facet joints. The facet joints are responsible for re-

straining excessive mobility of the spine and for
distributing axial load. A correlation was found be-
tween orientation and misalignment of the joints

and development of osteoarthritis. Generally it is
accepted that disc degeneration with segmental
instability and height loss precedes facet joint de-

generation. Changes in subchondral bone and ar-
ticular cartilage correspond to loading and shear
forces imposed on them. Consecutive instability of
the posterior joints results in degenerative spon-

dylolisthesis, spinal stenosis through osteophyte
formation and increased load on the intervertebral
disc.

Vertebral body. The vertebral bodies are responsi-
ble for providing static stability to the spinal col-
umn. Aging of these bony structures, especially os-
teoporosis, leads to decreased structural strength

mainly due to decreased bone mineral density and
remodeling of the bone architecture. Together with
repetitive torsional load, altered biomechanical
properties can result in rotational deformities most-
ly due to fractures. Secondary pathologies include
sclerosis and bone formation of the endplate, re-
stricted blood supply to the disc and formation of
osteophytes, ending up in spinal deformities. These
changes can, together with changes in the posteri-
or joints and spinal ligaments, cause spinal stenosis.

Ligaments. The ligaments of the spine provide in-

trinsic stability and limit motion in all planes. Age-
related alterations to the composition of the liga-
ments affect collagen and elastin content, fiber or-
ganization and fiber cross-linking and lead to
changes in the mechanical behavior of the liga-
ments. The reduced tensile strength results in de-
stabilization of the spine. Consecutive ligament hy-

pertrophy, especially of the ligamentum flavum,
contributes to compression of neural structures.

Muscles. Age-related muscle degeneration is char-
acterized by loss of muscle mass, fatty infiltration

and deposits of connective tissue. Loss of muscle
mass is due to gender-specific age-related immuno-
logical and hormonal changes. Consequently, the re-
duced strength of paraspinal and trunk muscles re-
sults in destabilization of the spine and might cause
or exacerbate degenerative changes to the spine.
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Key Articles

Kirkaldy-Willis WH, Wedge JH, Yong-Hing K, Reilly J (1978) Pathology and pathogene-
sis of lumbar spondylosis and stenosis. Spine 3(4):319–28
In this study, autopsy specimens of lumbar spines were used to define the degenerative
cascade of the spine. Progressive degenerative changes in the posterior joints lead to
destruction and instability. Similar changes in the disc result in herniation, internal dis-
ruption, and resorption. Combined changes in posterior joint and disc can produce
entrapment of a spinal nerve in the lateral recess and/or central stenosis. Changes at one
level often lead, over a period of years, to multilevel spondylosis and/or stenosis.

Miller JA, Schmatz C, Schultz AB (1988) Lumbar disc degeneration: correlation with age,
sex, and spine level in 600 autopsy specimens. Spine 13(2):173–8
This meta-analysis is based on data from 16 published reports. Macroscopic disc degen-
eration grades were correlated with age, sex, and level in 600 lumbar discs from 273
cadavers (0–96 years of age). Male discs were significantly more degenerated than female
discs in the second, and fifth to seventh life decades. L4/L5 and L3/L4 level discs showed
more degeneration than other levels. Higher mechanical stress, perhaps combined with
longer nutritional pathways, may be responsible for the earlier degeneration of male
discs.

Boos N, Weissbach S, Rohrbach H, Weiler C, Spratt KF, Nerlich AG (2002) 2002 Volvo
Award in Basic Science: Classification of age-related changes in lumbar intervertebral
discs. Spine 27(23):2631–44
This paper provides a systematic semiquantitative assessment of age-related morpho-
logic changes in the intervertebral disc and cartilaginous endplate which is based on
20250 histologic variables. The study revealed significant temporospatial variations
with regard to presence and abundance of histologic disc alterations across levels,
regions, macroscopic degeneration grades and age groups. The detailed analysis
resulted in a practicable and reliable histologic classification system for lumbar discs
which can serve as a morphologic reference framework. The article provides clear histo-
logic evidence for the detrimental effect of a diminished blood supply to the interverte-
bral disc that appears to initiate disc tissue breakdown beginning in the first half of the
second life decade.

Horner HA, Phil M, Urban JPG (2001) 2001 Volvo Award Winner in Basic Science: Effect
of nutrient supply on the viability of cells from the nucleus pulposus of the interverte-
bral disc. Spine 26(23):2543–49
Nucleus pulposus cells were cultivated in a system where nutrient supply was dependent
on diffusion, therefore simulating the situation in the intervertebral disc. It was found
that the cell density was dependent on nutrient supply and was inversely related to disc
thickness. Oxygen supply was not necessary for cell viability but was needed for proteog-
lycan production. Lack of glucose or low pH led to cell death suggesting nutrient restric-
tions contribute to disc degeneration.

Roberts S, Urban JPG, Evans H, Eisenstein SM (1996) Transport properties of the human
cartilage endplate in relation to its composition and calcification. Spine 21(4):415–20
Transport properties of solutes of different sizes and shapes were correlated with the
composition of the cartilage matrix. The more hydrated the matrix, the easier solutes
were found to move. Increasing contents of proteoglycan, collagen or calcification
resulted in greater restriction of solute movement. This finding confirmed that calcifica-
tion of the cartilage endplate might have consequences for the nutrient supply to the disc
and therefore for the onset of disc degeneration.

Weiler C, Nerlich AG, Zipperer J, Bachmeier BE, Boos N (2002) 2002 SSE Award in Basic
Science: Expression of major matrix metalloproteinases is associated with interverte-
bral disc degradation and resorption. Eur Spine J 11(4):308–20
The role of matrix metalloproteinases (MMPs) in matrix degradation leading to disc
degeneration was investigated in 30 cross-sections of lumbar intervertebral discs from
cadavers (0–86 years of age). Expression of major MMPs was found to correlate with age
and the occurrence of signs of degeneration, i.e. clefts and tears. These data indicated that
major MMPs play an important role in matrix degradation that might lead to disc degen-
eration and possibly to the induction of low back pain.

Age-Related Changes of the Spine Chapter 4 115



Battie MC, Videman T, Gibbons LE, Fisher LD, Manninen H, Gill K (1995) 1995 Volvo Award
in Clinical Sciences. Determinants of lumbar disc degeneration. A study relating lifetime
exposures and magnetic resonance findings in identical twins. Spine 20(24):2601–12
Effects of lifetime exposure of 115 twin pairs to commonly suspected risk factors on disc
degeneration were assessed by magnetic resonance imaging and their influence was com-
pared to age and familial aggregation, reflecting genetic and shared environmental influ-
ences. The results of this study suggested that disc degeneration may be primarily
explained by genetic influences, with environmental factors, widely suspected of acceler-
ating disc degeneration, only having very modest effects.

Adams MA, Freeman BJC, Morrison HP, Nelson IW, Dolan P (2000) Mechanical initia-
tion of intervertebral disc degeneration. Spine 25(13):1625–36
It was investigated whether minor damage to a vertebral body can lead to progressive dis-
ruption of the adjacent intervertebral disc. After cadaveric lumbar motion segments were
subjected to complex loading patterns to simulate typical activities, compressive damage
to the bony endplates was observed, altering the compressive stress distribution on the
adjacent disc. Further loading cycles resulted in progressive structural changes and dete-
rioration of the adjacent discs.
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5
Pathways of Spinal Pain

Heike E. Künzel, Norbert Boos

Core Messages

✔ Chronic (persistent) pain has a high prevalence
in the general population and is predominately
felt as musculoskeletal pain

✔ A temporal classification of pain (i.e. acute, sub-
acute, chronic) is arbitrary and does not reflect
the underlying mechanisms of pain

✔ Pain is better differentiated into nociceptive,
inflammatory, and neuropathic pain

✔ Neuropathic pain has lost its protective role
and is maladaptive

✔ The physiologic processes involved in pain can
be differentiated into transduction, conduction,
transmission, modulation, projection and per-
ception

✔ Nociceptive signals are modulated by various
excitatory and inhibitory mechanisms on their
pathways to the brain

✔ Genetic predisposition and biopsychosocial fac-
tors have a significant influence on pain per-
ception

✔ Pain pathways can undergo distinct alterations
as a result of peripheral tissue damage and
neural injuries (neuroplasticity)

✔ The neuroplasticity of the pain pathways can
be described in terms of peripheral sensitiza-
tion, transcriptional changes in the dorsal root
ganglion, central sensitization and disinhibition

✔ Persistent pain is not prolonged acute pain but
follows distinct alterations in the pain pathways

✔ Neuropathic pain is different from nociceptive
pain and results from primary damage or dis-
ease of the peripheral or central nervous system

✔ Not all persistent pain is neuropathic. The clini-
cal differentiation of persistent inflammatory
and neuropathic pain, however, remains a chal-
lenge

✔ Treatment of acute pain should be aggressive,
multimodal and preemptive to avoid pain per-
sistence

✔ Adjuvant drugs (e.g. antidepressants, anticon-
vulsants, anxiolytics) enhance the central effect
of analgesics and should be included for an
adequate treatment of moderate to severe pain

✔ The scientific evidence for a long-term effec-
tiveness of surgical treatment of persistent spi-
nal pain is lacking

Historical Background

Precartesian Theories

Pain remained enigmatic

in ancient times

Early civilizations provided a wide variety of explanations for pain and attrib-
uted it to factors such as religious influences of gods, the intrusion of magical flu-
ids, the frustration of desires and deficiency or excess in the circulation of Qi
[70]. The relief of pain therefore was the task of shamans or priests, who used
herbs, rites, and ceremonies to alleviate pain. The early Greeks gave more specific
explanations for pain [70]. According to Plato (427–347 A.D.), the heart and the
liver were the centers of appreciation of all the sensations, and pain arose not
only from peripheral sensation but as an emotional response in the soul, which
was located in the heart [70]. Hippocrates assumed a wrong mixture of fluids to
be the cause of pain. However, Galen of Pergamon (130–200 A.D.) made the first
observations on the nervous system and the spine but still believed the so-called
“fluid doctrine” of Hippocrates (see Chapter 1 ).
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Cartesian Theory

Descartes first suggested

a pathway which transmits

noxious stimulus directly

to the brain

The French philosopher René Descartes (1596–1650) presented a dualistic view
of the human body and soul, i.e. he assumed a separation of the mind and the
body. The body was seen as a machine working according to the laws of nature
and the “rational soul” was the “conductor of the orchestra” [70]. With the sug-
gested separation of the soul from the human body, an endless controversy arose
about the mind-body relation which has been plaguing and intriguing philoso-
phers and neuroscientists ever since [7]. Descartes also proposed a simple path-
way of the transmission of a noxious stimulus to the brain [22]. However, Descar-
tes’ theory was only published after his death in the Traité de l’Homme [7]. Des-
cartes gave a purely mechanical view of the involuntary withdrawal of a foot that
comes into contact with a noxious stimulus: “the small rapidly moving particle of
fire moves the skin of the affected spot causing a thin thread to be pulled. This
opens a small valve in the brain and through it animal spirits are sent down to the
muscles which withdraw the foot” [22]. After that it was believed for a long time
that there was a one-to-one relationship between the amount of damage and the
perceived pain. The theory of Descartes implies that a specific pain pathway car-
ries the message from a pain receptor in the skin to a pain center in the brain.
However, it has become apparently clear that pain cannot be alleviated by simply
cutting this pathway. On the contrary, a dissection of this pathway can even exac-
erbate the pain [22].

Gate Control Theory

Neural “gates” transmit

or block nociceptive

transmission to the CNS

Major progress in our understanding of pain and its mechanisms followed the
introduction of a new theory by Melzack and Wall in 1965 [77]. The authors sug-
gested a gate control system which modulates sensory input from the skin before
it evokes pain perception and response. Accordingly, the substantia gelatinosa in
the dorsal horn functions as a gate control system that modulates the afferent
patterns before they influence the central transmission cells. The afferent pattern
in the dorsal column system acts as a central control trigger which activates
selective brain processes that influence the modulation properties of the gate
control system. The transmission cells activate neural mechanisms which com-
promise the action system responsible for response and perception [77]. This
theory underwent multiple modifications and extensions throughout the follow-
ing years. Although it has been shown that specific elements of the gate control
theory are invalid or too simplistic, the fundamental model remains. Gates in the
dorsal horn consisting of interneurons balance the level of sensory fiber activity
and are influenced by descending brain signals. This concept explains how pain
can be felt with and without tissue damage and how psychological factors can
influence pain [84].

Modern Pain Theories

Since the introduction of Melzack and Wall’s theory, most of the research has
focused on two general processes that can control the pain gate [19], i.e.:

) the inhibitory mechanism
) the exhibitory mechanism

Pain has a morphological

and molecular correlate

Inhibitory neuronal circuits control nociceptive transmission in the spinal cord
and act as gatekeepers suppressing undesirable inputs [19], while increased exci-
tation can occur as a result of neural plasticity [130]. In the last decade, intriguing
progress has been made in dissecting out the molecular and cellular mechanisms
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that operate in sensory pathways to generate those neural signals that we ulti-
mately interpreted as pain [9, 18, 55, 112].

Epidemiology of Chronic Pain

Chronic pain

is very common

Epidemiological studies show a prevalence of chronic pain from 24% to 46% in
the general population [31, 102]. Elliott et al. [31] showed that about 15% of
patients suffer from the worst degree of pain. The most frequently reported
forms of pain in this study are back pain and arthritic pain. In a 1-year follow-up
study, 79% of patients reporting chronic pain at the baseline investigation still
suffered from pain at the end of the study [31]. During this period the average
annual incidence was about 8.3%, whereas the recovery rate was about 5.4%
[31]. Chronic pain is localized in 90% of patients to the musculoskeletal system.

Axial pain is very frequent

(85 %) and strongly tends

to chronify

The incidence of musculoskeletal pain is reported to vary from 21% for shoul-
der pain up to 85% for low back pain in the industrialized nations [3, 10, 24, 42].
The reported lifetime prevalence of back pain is 84% [15] and that of neck pain
67% [20]. Dorsal (thoracic) pain is much less frequent. The 1-year prevalence of
dorsal pain was 17% compared to 64% for neck and 67% for low back pain in a
Finnish study [85]. In a primary care setting, most patients improve considerably
during the first 4 weeks after seeking treatment. Sixty-six to 75% continue to
experience at least mild back pain 1 month after seeking care. At 1 month,
approximately 33% report continuing pain of at least moderate intensity,
whereas 20–25% report substantial activity limitations. After more than 1 year,
approximately 33% of patients report intermittent or persistent pain of at least
moderate intensity, 14% continue to report back pain of severe intensity, and
20% report substantial activity limitations [118]. The patient population suffer-
ing from chronic back pain has been found to be responsible for an enormous
part of the cost of the health care system (intake of analgesics, medical consulta-
tions, hospitalizations, requirement for diagnostic and therapeutic procedures)
[82] (see also Chapter 6 ).

Definition and Classification

The manifestation of pain is largely variable but we define all sensations that hurt
or are unpleasant as pain. The Taxonomy Committee of the International Asso-
ciation for the Study of Pain (IASP) [50] has provided a definition, which is
widely used today (Table 1).

Table 1. Definition of pain

“Pain is an unpleasant sensory and emotional experience associated with actual or poten-
tial tissue damage, or described in terms of such damage”.

The IASP task force [50] stresses the fact that the inability to communicate ver-
bally does not exclude that an individual is experiencing pain and requires
appropriate pain-relieving treatment. Furthermore, the task force highlights that

Pain is always subjectivepain is always subjective. Each individual learns the application of the word
through experiences related to injury in early life. Accordingly, pain is that expe-
rience we associate with actual or potential tissue damage. It is also always
unpleasant and therefore has an emotional experience. However, many people
report pain in the absence of tissue damage or any likely pathophysiological
cause. This latter pain cannot be differentiated from pain due to tissue damage if
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we consider the subjective report. If these individuals regard their experience as
pain and if they report it in the same ways as pain caused by tissue damage, it
should be accepted as pain [50].

Temporal Course

From a temporal perspective [50, 101], pain can be differentiated as:

) acute pain (<4 weeks)
) subacute pain (4 weeks to 3 months)
) chronic pain (>3–6 months)

Chronic pain induces

molecular and cellular

changes in the nervous

system

Acute pain is caused by an adequate stimulation of nociceptive neurons. This
pain typically results from soft tissue injury or inflammation and has a protective
role by enabling healing and tissue repair [81, 122]. Subacute pain is often less
intense and follows the acute phase. It is regarded as organic pain from tissue
healing and remodeling. It usually lasts up to 12 weeks but usually not longer. In
contrast, chronic pain has lost its protective role. In retrospect, it is often difficult
to identify the noxious stimulus or tissue damage in patients presenting with
chronic pain which originally causes the pain. Chronic pain induces biochemical
and phenotypic changes in the nervous system that escalate and alter sensory
inputs, resulting in physiologic, metabolic and immunologic alterations that
threaten homeostasis and contribute to illness and death [81].

Contemporary Pain Classification

A timely distinction of pain is given by Clifford Woolf [106, 123], who suggests
differentiating (Fig. 1):

) nociceptive pain
) inflammatory pain
) neuropathic pain
) functional pain

Nociceptive Pain

Nociceptive pain is a vital physiologic sensation which occurs in situations like
trauma or surgery [123]. Acute nociceptive pain is elicited by noxious stimula-
tion of normal tissue sufficiently intense to damage tissue. It has the important
function of protecting tissue from further damage by, e.g. eliciting withdrawal
reflexes.

Inflammatory Pain

Adaptive pain

is a physiologic

protection mechanism

In the case of tissue damage that occurs despite an intact nociceptive defensive
system, the role of the nociceptive system switches from preventing noxious
stimulation to promoting healing of the injured tissue. Inflammatory pain is
characterized by an increased sensitivity to stimuli, which does not cause pain
under normal conditions. This protects the individual from further damage to
the injured part until the healing and repair process is completed. Inflammatory
pain normally decreases during the healing process. An exception is inflamma-
tory pain states due to surgery or chronic diseases such as rheumatoid arthritis.
In these cases, pain management has to be conceptualized that decreases or nor-
malizes pain sensitivity without impairing the warning system of nociceptive
pain [59, 61, 106, 123, 125, 126].
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Figure 1. Classification of pain

Redrawn from Woolf [123] (with permission from ACP).

Neuropathic Pain

Neuropathic pain

is the result of direct damage

or disease of neurons

In contrast to nociceptive pain, which is provoked by noxious stimulation of the
sensory endings in the tissue, neuropathic pain is the result of a direct damage or
disease of neurons in the periphery or central nervous system and seems not to
have any beneficial effect. Therefore, peripheral neuropathic pain syndromes are
differentiated from central pain. Neuropathic pain normally is felt as abnormal,
because it is not related primarily to a signal of tissue damage. It often occurs
spontaneously in a continuous or episodic form and is associated with other sen-
sory abnormalities. Neuropathic pain often has a burning or electrical character

Allodynia and hyperalgesia

are found in neuropathic

pain

and might be combined with allodynia and/or hyperalgesia. This type of pain
often shows a chronic course and in most cases is difficult to treat. Neuropathic
pain can have a variety of causes, e.g. [27, 106, 123, 128, 134]:

) nerve root injury (traumatic, compression syndrome)
) spinal cord injury
) brain lesions
) diabetic polyneuropathy
) AIDS polyneuropathy
) postherpetic
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Functional Pain

No morphological correlate

can be found in functional

pain

This form of pain occurs due to an abnormal responsiveness or function of the
nervous system. In the clinical examination, no neurological or peripheral
abnormalities can be found. The physiological basis of functional pain is an
increased sensitivity or hyperresponsiveness of the sensory system that amplifies
symptoms. Syndromes which belong to this class of pain are, e.g. [106, 123]:

) fibromyalgia
) irritable bowel syndrome
) non-cardiac chest pain
) tension headache

Pathways of Pain

The physiologic processes [61, 81, 123] involved in pain sensation include (Fig. 2):

) transduction of noxious stimuli (thermal, mechanical and chemical) into
electrical activity at the peripheral terminal of nociceptor sensory fibers
) conduction of the resulting sensory input to the central terminal of nociceptors
) transmission and modulation of the sensory input from one neuron to

another
) projection to the brain stem, thalamus and cortex
) perception of the sensory input at the somatosensory cortex.

Figure 2. Pathways of pain
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Transduction

Nociception can be defined as the detection of noxious stimuli and the subse-
quent transfer of encoded information to the brain while pain is a perceptual
process that arises in response to such activity [61]. Nociception is mediated by
activation of peripheral sensory-nerve terminals located in, e.g. the skin, deep
fascias, muscles, and joints. These terminals are called primary sensory neurons

There are three types of

nociceptor: mechanical,

thermal, and chemical

or nociceptors. We can differentiate three types of noxious stimuli which are tar-
geted by the receptor of nociceptors, i.e.:

) mechanical (pressure and mechanical stress)
) thermal (hot/cold)
) chemical

Primary sensory neurons can be excited by noxious heat, intense pressure or
irritant chemicals, but not by innocuous stimuli such as warm or light touch [55].
The conversion of a noxious thermal, mechanical, or chemical stimulus into elec-
trical activity in the peripheral terminals of nociceptor sensory fibers is
described as transduction [123].

Mechanical stress resulting from direct pressure, tissue deformation or osmo-
larity changes can activate nociceptors allowing for the detection of touch, deep
pressure, distension of a visceral organ, destruction of bone or swelling [55]
(Fig. 3a). These stimuli are mediated by mechanosensory transducers such as ion
channels of the degenerin family (mammalian degenerin, MDEG) or acid-sens-
ing ion channel 2 (ASIC2) [39, 55]. Mechanical stimulation can release ATP from
the cell activating G-protein-coupled ATP receptors (P2Y) or ATP-gated ion
channels (P2X) [55, 83]. Noxious heat can be detected by the vanilloid receptor
(TRPV1, formerly also called VR1) and the vanilloid receptor-like (TRPV2, for-
merly called VRL-1) channel, which belong to the larger family of transient
receptor potential (TRP) channels. The core membrane structure of the recep-
tors resembles that of voltage-gated potassium or cyclic nucleotide-gated chan-
nels [55, 83]. The TRPM8 receptor, a distant relative of TRPV1, has been identi-
fied as detecting noxious cold [75, 88]. Nociceptors uniquely express two voltage-

a b

Figure 3. Nociceptive transduction and transmission

a Nociceptive transduction (ASIC acid sensitizing ion channel, TRP transient receptor potential channels,MDEGmamma-
lian degenerin channel, P2X ATP-gated ion channel). b Nociceptive transmission (AMPA [ -amino-3-hydroxy-5-methyl-4-
isoxazolepropionic acid receptors). Redrawn from Woolf [123] (with permission from ACP).
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gated sodium channels (Nav1.8 and Nav1.9), which could become the target for
selective anesthetics blocking only pain but leaving innocuous sensation, motor
and autonomic output intact [123].

Conduction

Conduction is the action

potential passage from the

peripheral to the central

nociceptor terminal

Conduction is the passage of action potentials from the peripheral terminal
along axons to the central terminal of nociceptors in the spinal cord [123]. Dorsal
root ganglion (DRG) cell bodies give rise to three different fiber types [55, 61]:

) C type fibers
) A · fibers
) A q fibers

C type fibers are unmyelinated fibers ranging in diameter from 0.4 to 1.2 μm and
have a velocity of 0.5–2.0 m/s. These fibers present the thermosensitive receptors
reacting to temperature (heat/cold), mechanoreceptors of low threshold and spe-
cific receptors for algogenic substances [2, 55, 78].

A� fibers are lightly myelinated ranging in diameter from 2.0 to 6.0 μm and
have a velocity of 12–30 m/s. These fibers are classified into two subgroups. Type
I presents high-threshold mechanoreceptors and they respond weakly to chemi-
cal and thermal stimuli. Type II corresponds mainly to mechanothermal recep-
tors for high temperatures and intense cold [2, 55, 78].

A� fibers are myelinated with a diameter of more than 10 μm and a velocity of
30–100 m/s. These fibers mediate the sensations of touch and mild pressure, as
well as the sensation of joint positions (proprioception) and vibration [2, 55, 78].
Their activation contributes to mechanisms of segmental suppression in the spi-
nal cord.

Activation of C type fibers and A · fibers leads to burning sensations and
twinges. Under pathological conditions, signs of neuropathic pain, e.g. dysesthe-
sia and paresthesia, can result from activation of A q fibers. Pathologic pain sen-
sation can manifest as hyperalgesia mediated by C fibers and A · fibers. Under
pathologic conditions, activation of low threshold mechanoreceptors (A q fibers)
can evoke allodynia (touch evoked pain) [2, 55, 78].

Transmission and Modulation

Transmission is the first

synaptic transfer

Transmission is the synaptic transfer of sensory input from one neuron to
another [123].

The sensory input

is modulated in the

dorsal horn

The primary sensory neurons terminate in the dorsal horn in a highly orga-
nized fashion, innervating both intrinsic dorsal horn interneurons and projec-
tion neurons. The dorsal horn is the first site of synaptic transmission (or inte-
gration) in the nociceptive pathway and is subject to considerable local and
descending modulation [18].

Dorsal Horn Cytoarchitecture

The dorsal horn exhibits

a distinct cytoarchitecture

The gray matter of the spinal cord can be divided into ten laminae. Of these, lami-
nae I (marginal layer), II (substantia gelatinosa), III, IV (nucleus propius), V and
VI (deep layers) comprise the dorsal horn [78]. The laminae form columns
extending along the spinal cord [81, 99]. Within the columns, a large number of
second-order excitatory and inhibitory interneurons receive multiple inputs
from surrounding columns and send outputs to the brain and to the anterior
horn [81]. The neuronal network of the dorsal horn hence serves as a gate con-
trolling propagation of nociceptive signals to higher brain areas [132].
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Figure 4. Cytoarchitecture of the dorsal horn

The cytoarchitecture of the dorsal horn is very complex [2, 78, 81, 99, 127]. Sim-
plified, large myelinated low-threshold A q afferents terminate in laminae III and
IV, lightly myelinated high-threshold A · fibers synapse at laminae I and V, and
non-myelinated high-threshold C fibers terminate in lamina II but also terminate
with some fibers in laminae I and V [111, 127] (Fig. 4).

There are three distinct

neuron types within

the dorsal horn

Within the dorsal horn three distinct types of neurons can be identified
according to the type of afferents and their response pattern to nociceptive input
[78]:

) nociceptive-specific (SN) neurons
) multireceptorial or wide-dynamic range (WDR) neurons
) non-nociceptive neurons

Nociceptive-specific (NS) neurons are located in the substantia gelatinosa but
can also occur in layers (laminae V and VI) under physiologic conditions. They
are exclusively activated by high intensity noxious stimuli mediated by C and A ·
fibers [78].

Multireceptorial or wide-dynamic range (WDR) neurons respond to thermal,
mechanical and chemical stimuli via C, A · and A q fibers. These neurons are
found to a lesser degree in the ventral horn (VH). WDR neurons present a con-
siderable convergence from cutaneous, muscle and visceral input. This type of
neuron is the major type of neuron that encodes stimulus intensity [26]. Addi-
tionally, these neurons participate mainly in the C-fiber-mediated processes of
sensitization and amplification of prolonged pain [78].

Non-nociceptive (N-NOC) neurons are activated by innocuous stimuli such
as low intensity mechanical, thermal and proprioceptive stimuli, mediated by
A · and A q fibers. They are found predominately in laminae II, III and IV [78].
These neurons act indirectly in segmental suppression mechanisms [2]. The dif-
ferent types of neurons are connected via second order excitatory and inhibitory
interneurons. These interneurons receive multiple inputs from other columns
and send information and impulses to the brain [81]. After modulation and
modification of the nociceptive stimulus within the dorsal horn, the informa-
tion is transmitted to the CNS. Afferents of the spinal cord dorsal horn neurons
form so called spinal tracts that transmit nociceptive informations to the CNS.
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Plasticity or modifiability of synaptic transfer in the dorsal horn is a key feature
of its function and integral to the generation of pain and pain hypersensitivity
[18].

The major synapses responsible for transmission are located in the dorsal
horn of the spinal cord in lamina I (marginal zone) and lamina II (substantia
gelatinosa). These impulses are conveyed to the thalamus, the main region for the
integration of brain input [37]. The transfer of nociceptive stimuli is mediated by
direct monosynaptic contact or through multiple excitatory or inhibitory inter-
neurons. Transmission of nociceptive stimulus is inhibited by descending path-
ways of the brain stem and midbrain and collateral influences within the dorsal
horn [37, 106].

Modulation of Sensory Inputs

Transmission of the peripheral nociceptive signals to the brain undergoes vari-
ous modulatory influences in the dorsal horn by descending pathways [9, 37, 78].
Many neurotransmitters have been identified which mediate this modulation [9,
37] (Table 2).

The sensory input is

modulated by inhibitory

and excitatory mechanisms

Modulation can be described as the process in which pain transmission is
modified or altered – “gated” – before being transmitted to the CNS. Nociceptive
impulses are modulated in two ways, i.e. by:

) excitatory (facilitatory) mechanisms
) inhibitory mechanisms

Inhibitory Mechanisms

The majority of the

inhibitory mechanism

is GABA-dependent

Inhibitory mechanisms can originate from local (segmental) inhibitory inter-
neurons or from descending antinociceptive pathways. The majority of local
inhibitory neurons in the spinal cord release glycine and/or * -aminobutyric acid
(GABA). The descending inhibition pathways originate at the level of the cortex
and thalamus, and descend via the brain stem (periaqueductal gray) and the dor-
sal columns to terminate at the dorsal horn of the spinal cord. These descending
pathways modulate nociceptive transmission through the release of serotonin (5-
HT) and/or norepinephrine [37, 78]. Inhibition can be postsynaptic or presynap-
tic. Postsynaptic inhibition results from a hyperpolarization of the cell mem-
brane and/or from the activation of a shunting conductance, which impairs prop-

Table 2. Neurotransmitters

Peptides Non-peptides

Opioid peptides
) q -endorphin
) enkephalins
) dynorphins

Non-opioid peptides
) substance P
) somatostatin
) neurotensin
) cytokines (IL-1 q , IL-6, TNF- [ )
) calcitonin gene related peptide (CGRP)
) galanin
) neuropeptides Y
) nerve growth factor (NGF)
) cholecystokinin (CCK)
) purines
) nociceptin

Monoamines
) norepinephrine
) serotonin (5-HT)

Amino acids
) inhibitory amino acids (GABA, glycine)
) excitatory amino acids (aspartate, glutamate)

Nitric oxide (NO)
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agation of excitatory postsynaptic potentials along the dendrite of neurons [132].
Presynaptic inhibition occurs at axoaxonic synapses of GABAergic neurons with
primary sensory nerve terminals [37].

Excitatory Mechanisms

Glutamate plays a pivotal

role as an excitatory

transmitter

The excitatory transmitter glutamate is released by primary afferent fibers and
plays a pivotal role in the spinal mechanisms of nociceptive transmission [9].
Synaptically released glutamate acts on kainate and AMPA ( [ -amino-3-hydroxy-
5-methyl-4-isoxazolepropionic acid) receptors, being responsible for a fast syn-
aptic transmission at the first synapse in the dorsal horn (Fig. 3b). Transient and
non-injurious noxious stimuli result in stable AMPA receptor-mediated synaptic
signals which are finally perceived as a transient localized pain [123]. Glutamate
can also act on N-methyl-D-aspartate (NMDA) receptors, but this receptor is
blocked under resting conditions by extracellular magnesium ions [81]. Depolar-
ization of the postsynaptic neuron, e.g. through intense AMPA receptor activa-
tion, removes this magnesium block. In addition, activators of protein kinase C
can reduce the sensitivity of NMDA receptors to magnesium, possibly contribut-
ing to spinal hypersensitivity and amplification of peripheral inputs. The activa-
tion of the NMDA receptors also leads to an entry of calcium, which is a key event
in the generation of long lasting potentiation of synaptic transmission (LTP). In
addition, calcium activates various enzymes such as nitric oxide (NO) synthase
and phospholipases [9], which can also augment pain sensitivity.

Wind-up is an activity-

dependent phenomenon

responsible for increasing

pain in response to

repeated stimuli

Closely timed repeated stimulation of C fibers results in an increased response
even though the amplitude of the input signal remains unchanged. This activity-
dependent phenomenon known as wind-up is responsible for the increasing
pain experienced in response to closely repeated stimulation of the skin by nox-
ious heat [72, 123].

Pain Projection

Nociceptive information

is projected to supraspinal

structures via afferent

bundles

Subsequent to pain transmission and modulation within the dorsal horn, noci-
ceptive information is projected to the supraspinal structures via afferent bun-
dles (Fig. 5). These bundles can be differentiated into several tracts with special
functions [2]:

) spinothalamic tract involved in sensory-discriminative components and
motivational-affective aspects of pain as well as the affective components of
painful experience
) spinoreticular tract involved in the motivational-affective aspects and neu-

rovegetative responses to pain
) spinomesencephalic tract involved in somatosensory processing, activation

of descending analgesia, inducing aversive behaviors in response to nocicep-
tive stimuli as well as autonomic, cardiovascular, motivational and affective
responses
) spinoparabrachial tract involved in autonomic, motivational, affective regu-

lation and in the neuroendocrine responses to pain
) spinohypothalamic tract involved in neuroendocrine autonomic, motiva-

tional, affective and alert responses of somatic and visceral pain
) spinocervical tract involved in the sensory-discriminative components and

motivational-affective and autonomic responses of pain, and plays a role in
sensory integration and modulation of afferent inputs
) postsynaptic pathways of spinal column involved in the sensory-discrimina-

tive components and motivational-affective aspects of pain
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Figure 5. Afferent pathways

Pain Perception

Thalamus and

somatosensory cortex

are the main structures

of pain perception

The spinal projection pathways project to the reticular formation of the brain
stem and surrounding nuclei before converging in the thalamus, the main struc-
ture for reception, integration and nociceptive transfer of nociceptive stimuli
before transmission to the somatosensory cortex. However, only a small propor-
tion of all the sensory input from the spinal cord arrives at the thalamus because
of local processing, modulation, and controlling [123]. The somatosensory cor-
tex in turn projects to adjoining cortical association areas, predominately the
limbic system. The limbic system includes [81]:

) cingulate gyrus (behavior and emotion)
) amygdala (conditioned fear and anxiety)
) hippocampus (memory)
) hypothalamus (sympathetic autonomic activity)
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) locus ceruleus (arousal, vigilance, behavior)
) parts of the periaqueductal gray (fight and flight response, stress-induced

analgesia)
Projections from the periaqueductal gray play a role in controlling anti-nocicep-
tive and autonomic responses to nociceptive stimuli [81].

Neuroplasticity

Persistent pain is not just a simple prolongation of acute (nociceptive) pain but
results from distinct alterations in the pain pathways. Peripheral tissue damage
or nerve injury can result in a pathological state in which there is a reduction in
pain threshold (allodynia), an increased response to noxious stimuli (hyperalge-
sia), an increase in the duration of response to brief stimulation (persistent pain)
and a spread of pain and hyperalgesia to uninjured tissue (referred pain and sec-

Alterations in the pain

pathways characterize

neuroplasticityondary hyperalgesia) [17]. These alterations in the pain pathways are usually
referred to as neuroplasticity.

Peripheral Sensitization

Tissue damage results

in inflammatory mediator

release

Tissue damage results in the release of inflammatory mediators including ions
(H+, K+), bradykinin, histamine, 5-hydroxytryptamine (5-HT), ATP and nitric
oxide (NO). The tissue injury activates the arachidonic acid pathway, which
results in the production of prostanoids and leukotrienes [60]. Inflammatory
mediators are also released from attracted cells such as mast cells, fibroblasts,
neutrophils and platelets [55]. Tissue damage and inflammation leads to low pH,
which enhances painful sensations by sensitizing and activating the vanilloid
receptor 1 (TRPV1) [49]. Inflammatory mediators, e.g. prostaglandin E2, brady-

a b

Figure 6. Neuroplasticity of the nociceptor

a Peripheral sensitization (NGF nerve growth factor, BK bradykinin, TRPV1 transient receptor potential vanilloid 1 chan-
nel, EP prostaglandin E receptor, PK protein kinases, AA arachidonic acid, PGE2 prostaglandin, TrkA tyrosine kinase A
receptor, Cox2 cyclooxygenase 2). b Transcriptional change in the DRG (PKA protein kinase A, CamKIV camkinase IV, JNK
jun kinase, ERK extracellular signal-regulated kinase). Redrawn from Woolf [123] (with permission from ACP).
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kinin and nerve growth factor (NGF) [108], activate intracellular protein kinases
A and C in the peripheral terminal that phosphorylate TRPV1 and tetrodotoxin-
resistant (TTXr) sodium channels (Nav1.8, Nav1.9) to increase excitability [123,
125, 130]. These mechanisms (Fig. 6a) contribute to the sensitization of the
peripheral terminal leading to pain hypersensitivity [130].

Transcriptional DRG Changes

In damaged tissue, nerve growth factor (NGF) and inflammatory mediators are
expressed and transported from the periphery to the cell body of peripheral neu-
rons [123]. Within the DRG, signal transduction cascades are activated involving

NGF and inflammatory

mediators modulate

DRG gene expression

protein kinase, CaM kinase IV, extracellular signal-regulated kinase (ERK), mito-
gen-activated protein kinase (MAPK) p38, and jun kinase [52, 53, 71, 86, 123].
These cascades control the transcription factors that modulate gene expression,
leading to changes in the levels of receptors, ion channels, and other structural
proteins [86, 123] (Fig. 6b).

Central Sensitization

Central sensitization is the form of synaptic plasticity that amplifies and facili-
tates the synaptic transfer from the nociceptor central terminal to dorsal horn
neurons [59, 123]. During nociception the release of glutamate predominately
acts on kainate and AMPA receptors within the dorsal horn. The intense stimula-
tion of nociceptors (e.g. by spinal injuries) releases transmitters [brain-derived
neurotrophic factor (BDNF), substance P, glutamate], which act on multiple dor-
sal horn receptors, e.g. AMPA, NMDA, NK1 and TrkB [64, 125, 135]. In this early
phase (Fig. 7a) of central sensitization, intracellular kinases are also activated
which phosphorylate receptor ion channels. This effect also increases the respon-

The early phase results

in pain hypersensitivity

siveness to glutamate by removal of the Mg2+ block of the NMDA channel leading
to spinal hypersensitivity and amplification of peripheral inputs [110, 123, 124,
131].

a b

Figure 7. Central sensitization

a Acute phase (AMPA [ -amino-3-hydroxy-5-methyl-4-isoxazolepropionic acid receptors, NMDA N-methyl-D-aspartate,
EP prostaglandin E receptor, NK1 neurokinin 1 receptor, TrkA tyrosine kinase B receptor, PK protein kinases). b Late phase
(EP prostaglandin E receptor, AA arachidonic acid, PGE2 prostaglandin, Il-1 q interleukin-1 q , Cox2 cyclooxygenase 2). Red-
rawn from Woolf [123] (with permission from ACP).
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Prostaglandins not only sensitize the nociceptive system at the level of the pri-
The late phase results in

diffuse pain hypersensitivity

mary nociceptor but also centrally at the level of the dorsal horn [133]. In the late
phase (Fig. 7b) of central sensitization, PGE2 is produced by COX-2 in the dorsal
horn, which is induced by proinflammatory cytokines such as interleukin-1 q
[103, 123, 133]. This expression of PGE2 appears to be a key factor responsible for
central pain sensitization [1, 98]. These mechanisms of central sensitization are
responsible for the well known clinical symptoms such as allodynia, hyperalge-
sia, and secondary hyperalgesia.

Disinhibition

Afferent nociceptive signals from the periphery to the brain are modulated by a
well balanced interplay of excitatory and inhibitory neurons [123]. The loss of

Disinhibition is a key factor

in persistent pain

inhibition, i.e. disinhibition of dorsal horn neurons, is a key element in persis-
tent inflammatory and neuropathic pain [132]. Inhibitory mechanisms within
the spinal cord are mediated by the neurotransmitters glycine and GABA. The
expression of PGE2 during inflammation leads to a protein kinase A-dependent
phosphorylation which inhibits the glycine receptors. Dorsal horn neurons are
relieved from the glycinergic neurotransmission [1, 46]. Furthermore, partial
nerve injury has been shown to decrease dorsal horn levels of the GABA synthe-
sizing enzyme glutamic acid decarboxylase (GAD) and induce neuronal apopto-
sis. Both of these mechanisms could reduce presynaptic GABA levels and pro-
mote a functional loss of GABAergic transmission in the superficial dorsal horn
[79]. However, significant loss of GABAergic or glycinergic neurons is not neces-
sary for the development of thermal hyperalgesia in the chronic constriction
injury (CCI) model of neuropathic pain [92].

Additional mechanisms involved in the neuroplasticity leading to pathologic
pain processing include spinal cord glial changes and medullary descending
facilitation. Similar to immune cells responding to viruses and bacteria, spinal
cord glia (microglia and astrocytes) can amplify pain by expressing proinflam-
matory cytokines [119]. These spinal cord glia also become activated by certain
sensory signals arriving from the periphery, e.g. as a result of a nerve root injury
[54, 119]. Nerve root injury and inflammation can result in persistent input of
pain signals and lead to sustained activation of descending modulatory pathways
that facilitate pain transmission [93, 123].

Endogenous and Environmental Influences on Pain Perception

Genetic factors influence

pain perception

There is an increasing plethora of studies indicating a strong influence of endog-
enous and environmental factors on pain perception and processing (see Chap-
ters 6 , 7 ). It is common knowledge that the identical noxious stimulus does not
lead to an equal pain perception neither on the intraindividual nor on the inter-
individual level. Similarly, it is well known that not every patient with severe
injury to the nervous system develops chronic/neuropathic pain [87]. With the
advance of molecular biological techniques, research has focused on exploring
the genetic predisposition for these interindividual differences. The genetic pre-
disposition for disc degeneration but not necessarily pain has been established in
several studies [6]. Tegeder et al. [112] recently reported that a haplotype of the
GTP cyclohydrolase gene was significantly associated with less pain following
discectomy for persistent radicular leg pain. GTP cyclohydrolase (GCH1) is the
responsible enzyme for tetrahydrobiopterin (BH4) synthesis. BH4 is an essential
cofactor for catecholamine, serotonin and nitric oxide production and thus a key
modulator of peripheral neuropathic and inflammatory pain. Healthy individu-
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als homozygous for this haplotype exhibited reduced experimental pain sensitiv-
ity, and forskolin-stimulated immortalized leukocytes from haplotype carriers
upregulated GCH1 less than did normal controls [112]. Considering the com-

Biopsychosocial factors

have a strong influence

on persistent pain

plexity of persistent pain, it appears very likely that many genes are involved and
we are only at the beginning of unraveling the molecular background of individ-
ual differences in pain perception.

Additionally to biological mechanisms, there are several established predispo-
sing biopsychosocial risk factors for the development of persistent pain:

) gender [34, 100]
) age [38]
) ethnicity [28, 47]
) affective-emotional behavioral pattern [16, 69]
) psychosocial factors [11, 58, 115]
) previous pain states [94, 109, 113]
) personality traits [69, 90]

Although various studies show that gender, age, ethnicity, personality traits, etc.,
play a role in pain perception and pain processing, there is no evidence for a spe-
cific pain-prone personality that reliably predicts the development of a persistent
pain syndrome [69, 91].

Clinical Assessment of Pain

Nociceptive pain is an important warning sign to prevent the individual from
injury, whereas neuropathic pain has lost this role and presents as a disease by
itself. Nociceptive spinal pain occurs due to circumscribed actual or impending
tissue damage. Patients suffering from nociceptive spinal pain present specific
clinical signs corresponding to the affected tissue. In contrast to nociceptive spi-
nal pain, neuropathic spinal pain occurs as consequence of a direct injury or

A mechanism-based

approach is recommended

for clinical assessment

affection of the nervous system. Severe nerve root and spinal cord injuries are the
most common causes of the neuropathic form of spinal pain. Clinical experience
and rather discouraging research mainly related to the treatment of chronic pain
has demonstrated that a strategy directed at examining, classifying and treating
pain on the basis of anatomy or underlying disease is of limited help [51]. Clifford
Woolf has first advocated that a mechanism-based approach to pain is more rea-
sonable and has direct implications on present and future pain treatment [129].

Differentiating Inflammatory and Neuropathic Pain

Differentiating inflammatory

and neuropathic pain

is challenging clinically

While the diagnosis and assessment of nociceptive and acute inflammatory pain
is straightforward, the clinical differentiation of persistent inflammatory and
neuropathic pain often remains a diagnostic challenge for several reasons [51]:

) lack of a single diagnostic test which can confirm/reject the putative
diagnosis
) perception of neuropathic pain is purely subjective
) various diseases (e.g. low back pain) exhibit a variable degree of neuropathic

component
) pain is not static but changes in a dynamic way
) signs and symptoms may change during the course of the disease
) lack of a commonly agreed definition of neuropathic pain

Not all persistent pain

is neuropathic

It is most important to stress that not all persistent pain is neuropathic. This diag-
nosis should only be made in the presence of positive findings [40]. However, the
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Table 3. Criteria for classifying neuropathic pain

Definite Possible Unlikely

Pain located in a neuroanatomical area and
fulfilling at least two of the following:
) decreased sensibility in all/part of the

painful area
) present or former disease known to

cause nerve lesion relevant for the pain
) nerve lesion confirmed by neurophysiol-

ogy, surgery or neuroimaging

Pain located in a neuroanatomical area and
fulfilling at least two of the following:
) decreased sensibility in all/part of the

painful area
) unknown etiology
) present or former disease known to cause

either nociceptive or neuropathic pain
) radiation pain or paroxysms

Pain fulfilling at least the
following:
) pain located in a non-neu-

roanatomical area
) presence of former disease

known to cause nociceptive
pain in the painful area
) no sensory loss

According to Rasmussen et al. [97]

Table 4. Differentiating nociceptive and neuropathic pain

Nociceptive pain Neuropathic pain

) sharp, aching or throbbing quality
) well localized
) transient
) good response to analgesic treatment

) burning, tingling, numbness, shooting, stabbing quality, or electric-like sensation
) spontaneous or evoked
) persistent or paroxysmal pain
) resistance to non-steroidal anti-inflammatory drugs and limited or no

response to opioids

According to Jensen and Baron [51]

scope of the diagnosis is largely variable. Rasmussen et al. [97] provided criteria
facilitating the diagnosis of neuropathic pain (Table 3).

The diagnosis of

neuropathic pain requires

a thorough work-up

The diagnostic work-up of patients with neuropathic pain should include:

) medical history
) sophisticated quantitative sensory testing
) neurophysiological studies
) imaging studies
) pharmacological tests

Medical History

A thorough history and physical examination (see Chapter 8 ) including a
detailed neurologic assessment (see Chapter 11 ) is the prerequisite for a mecha-
nism based diagnosis and effective pain treatment. A detailed history of persis-
tent pain should include the following aspects:

) beginning
) localization
) intensity
) quality
) temporal pattern
) pain aggravating and relieving factors
) autonomic changes
) confounding biopsychosocial risk factors

A pain drawing can be

helpful in differentiating

anatomic and non-anatomic

pain distribution

A pain drawing can be used to graphically document the pain distribution [73,
96]. The graphic depiction of the subjective pain perception often instanta-
neously shows a non-anatomic distribution which argues against neuropathic
pain. However, the general discriminative power of the pain drawing to assess
psychological disturbance is limited [44]. Pain can further be differentiated
according to its character. Melzack [76] has developed a questionnaire which dis-
tinguishes sensory and affective pain descriptors, which can be helpful in the
assessment of the pain character (see Chapter 8 ). The history sometimes allows
a differentiation of nociceptive and neuropathic pain (Table 4).
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Clinical Examination

Negative and positive

sensory symptoms and

signs need to be assessed

The examination should include the assessment of negative and positive sensory
symptoms and signs (Table 5). Currently there is no consensus about what,
where and how to measure and what to compare with [51]. Although the mirror
side can serve as an internal control, the assessment can be influenced by contra-
lateral segmental changes [51].

Screening tools and questionnaires (e.g. LANSS, NPQ, DN4, painDETECT)
have been developed and are recommended to supplement the assessment for
neuropathic pain [8].

Neurophysiological Studies

Recent advances in neurophysiology have become a valuable diagnostic tool in
identifying the extent of neurologic disturbance in neuropathic pain [25, 63].

Imaging Modalities

The primary objective of imaging studies in the evaluation of neuropathic pain is
to identify a structural abnormality or damage to neural tissue, which is a prereq-
uisite in making a definite diagnosis. However, imaging studies can go beyond a
pure anatomical appraisal. Functional imaging such as positron emission

fMRI is an intriguing

imaging modality

tomography (PET), magnetic resonance spectroscopy and functional MRI
(fMRI) allow the identification of local cerebral blood flow changes which reflect
local synaptic activity, thereby revealing the cortical representation of pain [12,
13, 43, 68, 95, 107].

Pharmacological Testing

Pharmacological tests in a controlled manner with either different drugs or dif-
ferent administration forms of the same substance allow for an examination of
the location of the pain generator and the molecular mechanisms involved in
pain [40, 51].

Table 5. Clinical testing

Negative sensory symptoms/signs Bedside examination
) reduced touch
) reduced pin prick
) reduced cold/warm
) reduced vibration

Positive sensory symptoms/signs
Spontaneous
) paresthesia
) dysesthesia
) paroxysms
) superficial burning pain
) deep pain

Evoked
) touch evoked hyperalgesia
) static hyperalgesia
) punctuate repetitive hyperalgesia (wind-up)
) aftersensation
) cold hyperalgesia
) heat hyperalgesia
) chemical hyperalgesia
) sympathetic maintained pain

) touch skin with cotton wool
) prick skin with a pin single stimulus
) thermal response to cold, 20° and 45°
) tuning fork on malleoli/interphalangeal

joints

Bedside examination
) grade (1 – 10)
) grade (1 – 10)
) number/grade (1 – 10)
) grade (1 – 10)
) grade (1 – 10)

Bedside examination
) stroking skin with painter’s brush
) gentle mechanical pressure
) pricking skin with pin 2/s for 30 s
) measure pain duration after stimulation
) stimulate skin with cool metal roller
) stimulate skin with warm metal roller
) topical capsaicin
) none

According to Jensen and Baron [51]
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General Concepts of Pain Treatment

Pharmacological Treatment

Current acute pain

treatment is aggressive,

multimodal and

preemptive

A systemic pharmacological treatment remains the cornerstone of the manage-
ment of acute or persistent pain [67]. The three-step pain relief ladder developed
by the WHO [120] originally for the treatment of cancer pain in 1986 also applies
for other pain disorders such as spinal pain. The pain relief ladder (Fig. 8) sug-
gests starting with a weak analgesic and stepwise increasing the potency of the
medication until pain relief is felt [29]. In cases of severe pain, it may be necessary
to immediately start with step 3 opiate analgesics (stratified therapy) [57]. There
is increasing evidence that acute painful experiences can lead to longer-term
painful consequences, even when tissue healing has occurred [41]. The increas-
ing understanding of the neurobiology of pain has prompted an aggressive, mul-
timodal, preemptive approach to the treatment of acute pain to prevent pain per-
sistence [30, 41].

Drug Types

A detailed discussion of the various drug types and their application is far
beyond the scope of this chapter and the reader is referred to the literature [4, 5,
30, 56, 62, 66, 105].

Non-opioid Analgesics

Although paracetamol (acetaminophen) has been known for a century, the exact
mechanisms of its antinociceptive effect are still controversial. Paracetamol

Figure 8. Pain relief ladder

Non-opioids (paracetamol, NSAIDs, tramadol), adjuvants (tricyclic antidepressants, anticonvulsants, anxiolytic agents,
neuroleptics). According to WHO [120].
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Paracetamol and tramadol

are the most frequently

used non-opioid analgesics

appears to cause a weak peripheral cyclooxygenase (COX) inhibition but also
inhibits COX centrally [66]. The analgesic effect of paracetamol is thought to be
related to an increasing pain threshold by means of central prostaglandin inhibi-
tion [30]. Tramadol is a synthetic analog of codeine. It has a central acting anal-
gesic effect and inhibits norepinephrine and serotonin uptake [30].

NMDA antagonists are potent analgesics which interfere with the transmis-
sion in primary afferent pain pathways at the NMDA receptor. The prototype of
NMDA antagonists is ketamine, which is effective in neuropathic and other
chronic pain conditions.

Non-steroidal Anti-inflammatory Drugs

The primary mechanism of action of non-steroidal anti-inflammatory drugs
(NSAIDs) is the inhibition of prostaglandin synthesis by blocking cyclooxyge-
nase (COX), which catalyzes the biotransformation of arachidonic acid to prosta-

NSAIDs are a cornerstone

for inflammatory pain

treatment

glandins [62]. In most tissues, COX-1 is constitutively expressed, while COX-2 is
induced in many cell types as a result of inflammation [62]. The products of COX-
1 and COX-2, particularly prostaglandin E2 and I2, induce inflammatory alter-
ations and act directly on sensory nerve endings [104]. Non-selective COX inhib-
itors (e.g. aspirin, ibuprofen, naproxen, diclofenac, piroxicam) inhibit both iso-
forms of COX. The inhibition of COX-1 has the disadvantage that it also prevents
the synthesis of PGs that act to protect the tissue [66]. Subsequent to the discov-
ery of COX isoenzymes, selective COX-2 inhibitors have been developed. How-
ever, selective COX-2 inhibitors (e.g. celecoxib, rofecoxib, valdecoxib) have
recently been scrutinized because of the report of potential serious side effects
[21, 48, 74].

Opioids

Opioids include all the endogenous and exogenous compounds that possess mor-
Opioids are the mainstay of

severe acute pain treatment

phine-like analgesic properties [30]. Among the most commonly used opioids
are morphine, hydromorphone, methadone, oxycodone, oxymorphone and fen-
tanyl. These drugs remain the mainstay for the treatment of severe acute pain.
Controversy exists about their effectiveness and safety with long-term use. A
recent systematic review indicates that the short-term use of opioids is good in
both neuropathic and musculoskeletal pain [56]. However, conclusions on toler-
ance and addiction were not possible because of the small numbers of patients
with long-term opioid medication, not allowing conclusions to be drawn regard-
ing the treatment of chronic pain [56].

Adjuvants

The WHO has recommended adding adjuvant drugs to relieve pain associated
fears and anxiety [120] and enhance the central effect on pain relief. Several cate-
gories of adjuvant medications can be differentiated:

) antidepressants
) anticonvulsants
) anxiolytics
) muscle relaxants
) sleep-promoting medications

Tricyclic antidepressants (e.g. amitriptyline, desipramine, nortriptyline) have a
long history of use in neuropathic pain syndrome and act primarily by enhancing
adrenergic [ 2-adrenoreceptor stimulation. Some also possess NMDA receptor-
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blocking activity [66]. The rationale for their use in chronic low-back pain (LBP)
is based on the frequent coexistence of pain and depression, their sedating effect
(improving sleep) and supposed analgesic effect in lower doses [116]. However,
there is contradictory evidence that antidepressants are effective for low back
pain in the short to intermediate term [80, 116]. Anticonvulsants are extremely
useful for neuropathic pain [89]. The effectiveness of the anticonvulsant drugs in
the treatment of neuropathic and central pain states lies in their action as non-
selective Na+-channel-blocking agents [66]. Until recently, the first generation of
anticonvulsants (e.g. phenytoin, carbamazepine and valproic acid) were used to
treat neuropathic pain [36]. However, the newer antiepileptic agents including
gabapentin and pregabalin are rapidly becoming the initial medications of

Adjuvant drugs relieve pain

associated fear and anxiety

choice to treat neuropathic pain [89]. Selective serotonin reuptake inhibitors
(e.g. fluoxetine, paroxetine) are frequently used for the treatment of anxiety dis-
orders. However, the therapeutic effects are not seen immediately because of a
slow onset of action (2–4 weeks). Benzodiazepines are used to treat acute anxiety
states and serve as a pre-medication before a surgical intervention to reduce
stress and muscle spasm [89]. Muscle relaxants have a central action on the ner-
vous system rather than a direct peripheral effect on muscle spasm. Benzodiaze-
pines (e.g. diazepam) are sedative and exhibit an addictive potential as well as a
withdrawal syndrome [89]. Baclofen centrally facilitates GABAB receptor-medi-
ated transmission while tizanidine is a centrally acting [ 2-adrenergic agonist and
reduces the release of excitatory neurotransmitters and inhibits spinal reflexes
[89]. There is strong evidence that oral non-benzodiazepines are more effective
than placebo for patients with acute LBP on short-term pain relief, global efficacy
and improvement of physical outcomes. However, there is only moderate evi-
dence for the short-term effectiveness in chronic LBP [116]. Sleep-promoting
medications are helpful as adjuvant medication because of the high correlation
of insomnia, depression and pain [121]. Appropriate pain treatment therefore
also improves insomnia. Traditionally, antidepressants have been used because
of their sedative effect. Benzodiazepines should only be used for short-term
management of insomnia because of the well known side effects such as overse-
dation (“morning hangover”), addiction, dependence and withdrawal syn-
drome. Newer omega-1 receptor agonists (e.g. zolpidem, zaleplon) minimize
morning hangover and withdrawal symptoms and have a shorter half-life [89].

Non-pharmacological Treatment of Spinal Pain

It is well established that bed rest of more than 3 days for acute back pain is ill-
advised [45, 116]. There is conflicting evidence on the effectiveness of back
schools for patients with chronic LBP. While there also is conflicting evidence for
the effect of exercise therapy for acute LBP, exercise is at least as (in-)effective as
other conservative interventions for chronic LBP [116]. Spinal manipulation is
not more effective in the short and long term compared with other convention-
ally advocated therapies such as general practice care, physical or exercise ther-
apy, and back school [116].

Biopsychosocial Interventions

Biopsychosocial interven-

tions are effective in chronic

musculoskeletal pain

Since Melzack and Wall’s introduction on the gate control theory [77], our under-
standing of how psychosocial factors can modulate the pain signal has substan-
tially increased. Furthermore, our understanding of pain has been shaped by
another landmark paper. In the late 1970s, Engel [32] realized that the dominant
biomedical model left no room within its framework for the social, psychological,
and behavioral dimensions of illness. He therefore proposed a biopsychosocial
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model which included physiologic as well as psychological and social factors,
allowing for a more comprehensive understanding of pain. These two theoretical
advances resulted in the development of various new treatment approaches, e.g.
behavioral [33] and cognitive-behavioral treatments [114] that went beyond the
biomedical dimension [84]. The rationale for this approach is that of altering the
range of physical, psychological and social components of pain [84].

Chronic LBP patients should

stay as active as possible

In persistent pain disorders, the actual tissue damage has almost always disap-
peared and rest is no longer required to promote healing. Therefore the advice to
stay as active as possible is the most important advice which should be given to
patients. There is evidence that this advice improves pain and function at least in
the short term [116]. Fordyce and coworkers [35, 65] also indicated that pain
does not hurt so much if you have something to do.

Cognitive-behavioral

treatment is effective

in chronic LBP

in the short term

Although cognitive-respondent treatment and intensive multidisciplinary
treatment have been shown to be effective for short-term improvement of pain
and function in chronic LBP, there is still no evidence that any of these interven-
tions provides long-term effects on low back pain and function [116].

Surgical Treatment

The surgical treatment of chronic spinal pain continues to be very controversial
[23]. So far, convincing evidence for the mid- and long-term superiority of spinal
fusion over cognitive behavioral treatment and exercise is still lacking. Similarly,

Surgery for persistent

non-specific pain

is not evidence-based

there is a lack of other invasive interventions (e.g. spinal injection, spinal cord
stimulation, intrathecal pumps) to treat chronic low back pain other than disc
herniation, spinal stenosis and spondylolisthesis [14, 117].

Recapitulation

Epidemiology. The incidence of chronic pain

ranges from 24% to 46% in the general popula-
tion. In 90 % of chronic pain patients the pain is lo-
cated in the musculoskeletal system. The natural
history of chronic pain is poor due to a strong risk of
pain persistence often regardless of treatment.

Classification. Pain may be differentiated into
acute pain (1 –4 weeks) caused by an adequate
stimulation of nociceptive neurons. Chronic pain

(> 6 months) can occur spontaneously or can be
provoked by a normally non-noxious stimulus.
However, the temporal classification of pain does
not reflect the underlying pain mechanism. A
mechanism-based classification of pain is more rea-
sonable. A contemporary definition of pain differ-
entiates adaptive (nociceptive and inflammatory)

pain protecting the individual from further damage
and maladaptive (neuropathic and functional)

pain that has lost this protective function and can
be considered as a disease by itself.

Pain pathways. The physiologic processes involved
in pain can be differentiated into transduction, con-

duction, transmission, modulation, projection and
perception. Transduction is the conversion of nox-
ious stimuli (thermal, mechanical and chemical) in-
to electrical activity at the peripheral terminal of
nociceptor sensory fibers. The DRG cell bodies give
rise to three different fiber types (A q , A� and C fi-

bers) responsible for nociception. The resulting
sensory input to the central terminal of nociceptors
is described as conduction. Transmission is the
synaptic transfer and modulation of sensory input
from one neuron to another. The peripheral noci-
ceptive signals to the brain undergo various modu-

lations by excitatory (facilitatory) and inhibitory

mechanisms in the dorsal horn of the spinal cord.
This modulation provides a framework to explain
how pain can be felt even without tissue damage
and how psychosocial factors can influence pain.
After pain transmission and modulation, nocicep-
tive information is transferred to the supraspinal
structures via afferent bundles, which is known as
projection. The spinal pathways project to the re-
ticular formation of the brain stem before converg-
ing in the thalamus, the main structure for recep-
tion, integration and nociceptive transfer of noci-
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ceptive stimuli before transmission to the somato-
sensory cortex (perception).

Neuroplasticity. Alterations in the physiological
function of pain pathways as a result of tissue dam-
age or neural injury are referred to as neuroplasti-

city. Injured tissue can release inflammatory media-
tors which activate and sensitize receptor channels
in the peripheral terminal of the nociceptor. High-
threshold and silent nociceptors are activated by a
decrease in their threshold and show an increase in
the responsiveness (peripheral sensitization). Tis-
sue damage may also result in transcriptional
changes in the dorsal root ganglion. Similarly, pain
transmission is facilitated and inhibitory influences
are attenuated by distinct neurobiological alter-
ations of the receptor channels in the dorsal horn
(central sensitization). Afferent nociceptive signals
from the periphery to the brain are modulated by a
well balanced interplay of excitatory and inhibitory
neurons which can be disturbed as a result of an
injury. Disinhibition is the disturbance of this bal-
ance with relief from inhibitory neuronal mecha-
nisms. Genetic predisposition and biopsychoso-

cial factors have a significant influence on the mod-
ulation of the afferent sensory input.

Clinical assessment. The clinical assessment of pain
encompasses a detailed medical history, sophisti-
cated quantitative sensory testing, neurophysio-
logical studies, imaging studies, and pharmacologi-
cal tests. The clinical differentiation of persistent

inflammatory pain and neuropathic pain remains
difficult because of the lack of an objective test for
neuropathic pain (the missing gold standard). It is
important to note that not all persistent pain is neu-
ropathic. The diagnosis of neuropathic pain should
be based on the presence of negative and positive

sensory symptoms and signs.

General treatment concepts. The pharmacological
treatment of acute pain must be aggressive, multi-
modal and preemptive to reduce the likelihood of
pain persistence. The WHO three-step pain relief

ladder indicates one should start with a weak anal-
gesic and stepwise increase the potency of the med-
ication until pain relief is felt. Analgesics can be dif-
ferentiated into non-opioid analgesics (e.g. parace-
tamol, tramadol, ketamine), NSAIDs, and opioids.
Opioids include all the endogenous and exogenous
compounds that possess morphine-like analgesic
properties. Adjuvant drugs (e.g. antidepressants,
anticonvulsants, anxiolytics) are useful adjunct med-
ications because they enhance the central effect of
analgesics and target associated depression, fear
or anxiety. Non-pharmacological treatments of
chronic back pain such as back school, exercise ther-
apy, or spinal manipulation have not passed the test
of mid- and long-term clinical effectiveness. Cogni-

tive-behavioral treatment is effective in chronic LBP
only in the short term. Surgical treatment of chronic
pain syndromes particularly chronic LBP has not
been proven to be effective in the long term.
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Appendix: IASP Pain Terminology (www.iasp-pain.org)

allodynia ) pain due to a stimulus that does not normally provoke pain

analgesia ) absence of pain in response to stimulation that would normally be painful

anesthesia dolorosa ) pain in an area or region that is anesthetic

causalgia ) a syndrome of sustained burning pain, allodynia, and hyperpathia after a traumatic nerve lesion,
often combined with vasomotor and sudomotor dysfunction and later trophic changes

dysesthesia ) an unpleasant abnormal sensation, whether spontaneous or evoked

hyperalgesia ) an increased response to a stimulus that is normally painful

hyperesthesia ) increased sensitivity to stimulation, excluding special senses

hyperpathia ) a painful syndrome, characterized by increased reaction to a stimulus, especially a repetitive
stimulus, as well as an increased threshold

hypoalgesia ) diminished sensitivity to noxious stimulation

hypoesthesia ) diminished sensitivity to stimulation, excluding special senses

neuralgia ) pain in distribution of nerve or nerves

neuritis ) inflammation of a nerve or nerves

neurogenic pain ) pain initiated by a primary lesion, dysfunction, or transitory perturbation in the peripheral or
central nervous system

neuropathic pain ) any pain syndrome in which the predominating mechanism is a site of aberrant somatosensory
processing in the peripheral or central nervous system

neuropathy ) a disturbance of function or pathologic change in a nerve; in one nerve, mononeuropathy; in
several nerves, mononeuropathy multiplex; if symmetrical and bilateral, polyneuropathy

nociceptor ) a receptor preferentially sensitive to a noxious stimulus or to a stimulus that would become
noxious if prolonged

noxious stimulus ) a noxious stimulus is one that is potentially or actually damaging to body tissue

pain ) an unpleasant sensory and emotional experience associated with actual or potential tissue dam-
age, or described in terms of such damage

pain threshold ) the least experience of pain that a subject can recognize

pain tolerance level ) the greatest level of pain that a subject is prepared to tolerate

paresthesia ) an abnormal sensation, whether spontaneous or evoked
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6
Epidemiology and Risk Factors
of Spinal Disorders

Achim Elfering, Anne F. Mannion

Core Messages

✔ In 85 % of patients with a spinal disorder the
etiology is unclear

✔ In non-specific spinal disorders, axial pain (i.e.
cervical, thoracic, lumbar pain without radia-
tion into the extremities) is the main symptom

✔ Back pain in non-specific spinal disorders is a
symptom, not a disease

✔ With a 12-month prevalence of 15 – 45 %, a
12-month incidence of up to 20 %, and a yearly
recurrence rate of up to 60 %, low back pain
(LBP) is a major health problem.

✔ The prevalence and incidence rates for neck
pain are only slightly lower

✔ For the majority of people with an acute epi-
sode of LBP (80 –90 %), the prognosis is good:
within 1 month, marked improvements in pain
and disability occur, and work can be resumed

✔ Work-related disability from non-specific spinal
disorders has become epidemic in industrial-
ized countries

✔ Only a minority of patients are chronically dis-
abled, but such cases cause most of the costs

✔ Over 50 % of the costs of spinal disorders are
related to indirect societal costs

✔ The best predictor of future episodes of back
pain is previous back pain

✔ Models of back pain are multifactorial, and
include genetic, biological, physical, psycholog-
ical, sociological, and health policy factors

✔ Occupational psychosocial variables are clearly
linked to the transition from acute to chronic
neck and back pain, work disability, recovery,
and return to work

General Scope

Epidemiology estimates

the association between

risk factors and diseases

in statistical terms

Epidemiology is research on the frequency and causes of diseases or syndromes
in different populations. The baseline idea of epidemiology is that disease and
causal factors are not distributed at random in human populations. Individuals
who develop a disease are expected to be exposed to antecedent risk factors to a
greater degree or for a longer time than are individuals who stay healthy. It is
important to bear in mind that epidemiology estimates the association between
risk factors and diseases in statistical terms.

A second significant goal of epidemiology therefore is to rule out alternative
sources of association, e.g. confounding factors, study bias, and chance. Epidemi-
ological knowledge contributes to the planning and evaluation of primary pre-
vention. Epidemiological data also serve as a guide to the management of
patients in whom disease has already developed. The number of individuals that
suffer from a disease or a syndrome is expressed in terms of prevalence rates, and
the number of new cases is expressed in incidence rates.

Prevalence. Prevalence refers to the percentage of a population that is affected
with a particular disease at a given time or for a given period. Frequently used
time periods are the whole adult lifetime until the establishing diagnosis (life-
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time prevalence), or 1, 6, or 12 months before the interview-establishing diagno-
sis (1-, 6-, or 12-month prevalence rates; also called current prevalence rates).
Point prevalence indicates the percentage of those reporting pain on the day of
the interview.

Incidence. Incidence refers to the number or rate of new cases of the disorder per
persons at risk (usually 100 or 1000) during a specified period of time (usually
one year). To determine the incidence rate, individuals who were healthy at the
beginning of the observation period and who become affected during the obser-
vation period are counted. From this definition it follows that incidence rates are
hard to estimate when conditions are widespread or often reoccur and therefore
lack clear information on first onset. Incidence rates tend to be higher when com-
parably weak criteria are used to define health at the beginning (“no symptoms
during 2 months before”), and are lower when criteria are stricter (“never experi-
enced symptoms before”).

Persistence and Recurrence. Because of the high prevalence and incidence rates,
the burden of back pain in adult populations is better estimated with measures of
the persistence (“duration of pain episodes”) and recurrence (“number of recur-
rent episodes”). Persistence and recurrence are also captured by measuring the
total number of days with pain in the last year. For instance, work disability is
longer in recurrent compared with first episodes to low back pain [107].

Severity. The intensity of pain and functional disability represent the main focus
in attempts to devise a grading system indicating the severity of disorders [78,
97].

Objectives in Spinal Disorders

The specific objectives of epidemiology in the management of spinal disorders
are to [77]:

) pinpoint the problem
) estimate the societal and economic burden of spinal disorders
) forecast the problem in future
) describe and differentiate spinal disorders
) classify and grade symptoms within spinal disorders
) describe the natural history (assisting decision making)
) identify preceding risk factors and estimate their impact (alone or com-

bined)
) identify protective resource factors preventing disease or promoting healing
) evaluate primary and secondary prevention efforts
) provide guidance for health care planning

Epidemiology helps

to classify spinal disorders,

identify risk factors,

predict natural history

and estimate costs

Epidemiology contributes to the standardization of terminology, a matter that is
still unsatisfactory in spinal disorders. For instance it was shown recently that
different definitions of back pain are systematically related to differences in prev-
alence rates [68].

Risk and resource factors comprise demographic, genetic, and other individ-
ual factors, and occupational, societal and even non-identified cultural charac-
teristics [52]. Epidemiology is often a source for methodological development
that helps to crystallize evidence from a data pool. Finally, epidemiology helps to
evaluate primary and secondary prevention efforts and offers important guid-
ance for planning health policy [77].

154 Section Basic Science



Classification of Spinal Disorders

Spinal disorders are a wide and heterogeneous variety of diseases affecting the
vertebrae, intervertebral discs, facet joints, tendons and ligaments, muscles, spi-
nal cord and nerve roots of the spine (Table 1).

Etiology

Spinal disorders comprise

a variety of disorders that all

involve the spinal column

We can differentiate spinal disorders according to their etiology. We differentiate
on the basis of whether a specific cause can be found which conclusively explains
the patient’s symptoms:

Specific spinal disorders have an unambiguous etiology and can be diagnosed
on the basis of specific structural pathologies that are consistent with the clinical
picture.

Non-specific spinal disorders are not diseases per se but more of a syndrome.
In the vast majority of patients (85–90%) presenting with a spinal disorder it is
not possible to identify a pathomorphological source of the problem despite a
thorough diagnostic work-up [66]. There are many potential causative and
aggravating factors associated with non-specific spinal disorders but no struc-
tural pathology can, with certainty, be held responsible for the symptoms. It is
not easy to differentiate between specific and non-specific spinal disorders by
early symptoms, because the primary manifestation of most spinal disorders is
pain involving the neck and back.

For pain which is not radiating into the extremities the term axial pain is often
used. We can differentiate between:

) axial neck pain
) axial dorsal pain
) axial back pain

Time Course

Spinal disorders can be further classified according to the time course of symp-
toms:

) acute – duration less than 1 month
) subacute – duration up to 3 months
) chronic – duration more than 3 months

Neck and back pain are the

most common symptoms in

non-specific spinal disorders

Spinal disorders are labeled as acute if persisting for a short time period (less
than 1 month) with a sudden onset. Symptoms are classified as subacute if they
occur after a prolonged period (6 months) without pain and with a retrospective
duration of less than 3 months. A chronic stage is reached if symptoms occur epi-

Table 1. Classification of spinal disorders

Specific spinal disorders Non-specific spinal disorders

With clearly identifiable pathomorphological
correlate (10 – 15 %) such as:

Without clearly identifiable pathomor-
phological correlate (85 – 90 %):

) congenital ) non-specific axial neck pain
) developmental ) non-specific axial dorsal pain
) traumatic ) non-specific axial back pain
) infectious
) tumorous
) metabolic
) degenerative (depending on the disorder)
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sodically within a 6-month period or last for more than 3 months [47]. Back and
neck pain within non-specific spinal disorders are frequently accompanied by
other types of musculoskeletal pain, bodily complaints, psychological distress
and, especially in chronic cases, amplified dysfunctional cognition (e.g. catastro-
phizing) and pain behavior [81]. It is important to keep in mind that LBP of less
than 7 days’ duration is not a disease. However, a complaint can turn into a com-
plex syndrome.

Low Back Pain

Low back pain is common and appears as pain, muscle tension, or stiffness local-
ized below the costal margin and above the inferior gluteal folds, with or without
leg pain (sciatica) [54].

With respect to the cause of back pain the so-called “diagnostic triage” [99,
100] classification has become standard. It divides low back pain into three cate-
gories:

) specific spinal pathology
) nerve root pain/radicular pain
) non-specific low back pain

Back pain often is divided into three large groups with respect to its location,
aggravating factors, and temporal nature: referred pain, axial pain, and radicu-
lar pain.

) axial or mechanical pain (neck, dorsal, back) is restricted to the lower back
area and gets worse with certain activities or positions.
) referred pain comes and goes and varies in intensity. It starts in the low

back area and commonly spreads into the groin, buttocks and upper
thighs.
) radicular pain is deep and usually constant. It radiates down the leg accord-

ing to the dermatone and is accompanied by numbness or tingling and mus-
cle weakness. This type of pain is caused by injury to a spinal nerve. Some of
the possible causes are a disc herniation or foraminal stenosis.

The lifetime prevalence

of LBP ranges between

75 % and 85 %

About 75–85% of all individuals will experience LBP at some time during their
life (lifetime prevalence). Most epidemiological studies do not differentiate
between types of pain [66]. The lifetime prevalence for associated leg pain seems
to be about half that of back pain in general, and the lifetime prevalence of sciatic
pain is estimated to be much lower, approximately 3–5% [40].

The yearly prevalence of back pain is estimated to range from 15% to 20% in
the US and from 25% to 45% in Europe. The natural history of LBP is usually
favorable and most individuals recover within 2–4 weeks; of the remainder, more
than 90% resolve within 12 weeks [3]. A complete view of back-related work
absence in Jersey/the UK showed that 3% of those starting absence in 1994 and
who were out of work for 6 months or more caused 33% of social benefit costs
[108]. This population based study also showed that recurrent episodes are asso-
ciated with longer work absences, and that more specific diagnoses are associ-
ated with longer absences than non-specific back pain and back injuries [108]. In
a review of 36 studies, Hestbaek and colleagues reported that, after a first episode
of low back pain, the proportion of patients who report recurrent episodes after
12 months was on average 62%, and the percentage who had relapses of work
absence was 33% [42]. Pengel and colleagues showed that 73% of patients had at
least one recurrence within 12 months [71]. Return to work in the first month
after an initial episode of LBP is high (82% of those initially off work), and some
further improvement appears in the subsequent 3 months. Thereafter levels for
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pain, and disability, and return to work remain almost constant [71]. There is
increasing evidence that non-specific back pain in adults shows a fluctuating,
recurrent and intermittent course that may ultimately lead to a chronic phase
[19]. The unstable and episodic nature of LBP and the uncertainty of onset of any
episode make estimation of the incidence of LBP difficult. The figures of up to
36% for the 12-month incidence may overestimate the “true” incidence of real
first time episodes of pain [19].

Neck Pain

Neck pain located by a mannequin drawing is most often defined as pain occur-
ring in the area from the occiput to the third thoracic vertebra [21, 22]. Neck
pain seems to be less common than low back pain, but there is limited epidemio-
logical data on neck pain compared with low back pain [66]. Many studies

Neck and shoulder pain

are often associated

examine shoulder pain together with neck pain, reporting prevalence numbers
for neck and shoulder disorders (NSD) to be high in industrialized countries
[66]. Recently Fejer and coworkers showed in their review of 56 epidemiological
studies that neck pain is common in many areas of the world and numbers did
not differ systematically with most definitions of neck pain (i.e. pain, ache, trou-
blesome, soreness) [35]. However, numbers are higher when definitions like
stiffness are used, and numbers are lower when neck pain of longer duration or
high severity is assessed. Numbers did not differ systematically depending on
whether the shoulder region was included or not, nor was the quality of studies
systematically related to prevalence rates. Point prevalence rates ranged
between 5.9% and 22.2% in adult populations with a mean point prevalence of
7.6%. Mean week-prevalence was slightly higher (12.5%), and increased with
the period of time captured in prevalence data (23.3% in 1-month prevalence,
29.8% in 6-month prevalence, 37.2% in 1-year prevalence, and 48.5% in lifetime
prevalence) [35].

Whiplash associated

disorders may result from

cervical sprain (frequently

rear-end collision)

The so-called whiplash associated disorder denominates injury-related neck
pain and subsequent associated disorders (see Chapter 30 ). It was first specifi-
cally defined as an acceleration-deceleration injury (usually related to accidents
in vehicles), but later on the term whiplash syndrome was adopted for all types of
neck injuries [66]; nonetheless, the causal link to trauma is not well documented.
Although neck pain following trauma is common, few studies to date have
included a control group in order to compare neck pain after injury with preva-
lence and incidence rates to be expected in the absence of a trauma [66]. Accord-
ing to Schrader and coworkers [82], the period prevalence of neck pain after
trauma of around 35% equaled the prevalence in a control group.

Incidence and course

of neck pain is less well

documented compared

with LBP

Compared with low back pain, there is less knowledge about the incidence and
course of neck pain. In the Saskatchewan Health and Back Pain Survey, a popula-
tion-based cohort study of Saskatchewan adults, the incidences of neck pain and
back pain were assessed [18, 19, 22]. The age and gender standardized annual
incidence of neck pain was 14.6% (back pain: 18.6%). The annual rate of resolu-
tion of neck pain was 36.6% (back pain: 26.8%). Contrary to the popular belief of
many clinicians, most individuals with neck pain do not experience complete
resolution of their symptoms and disability.

Pain, Impairment and Disability

Impairment defines an abnormality in structure or functioning of the body that
may include pain, and disability defines the reduction in the performance of
activities. Because in non-specific spinal disorders the etiology is uncertain, the
establishment of impairment in these disorders is often less clear-cut than that of
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Work disability caused by disorders in Germany in 1994 and in 2004 [94]. Note: Within musculoskeletal disorders in 2004,
the most frequent diagnosis was back pain ICD-10 M54 (7.7 % days off work).

disability. Disability at work and in one’s private life includes restrictions in the
individual’s major role and limitations in social and recreational activities. Indi-
vidual functional losses include subcategories of functional capacity, such as
mobility (part of the activities of daily living, transportation, leisure activities,
sexual activities and other social role handicaps – occupation and household). It

Pain and disability

must be differentiated

is also important to make a distinction between pain and disability. Pain and dis-
ability differ in their risk factors, prevalence and incidence, and they have devel-
oped very differently in their prevalence rates over time. An historical review [2]
has indicated that people have always suffered from back pain, but back pain dis-
ability shows a trend for a steady increase over time. For example, Donald [27]
reported a 208.5% increase in back pain disability in the UK between 1978 and
1992 compared with a 54.6% increase in other types of disability. In Germany, in
2003, musculoskeletal complaints (ICD XIII) caused 24.9% of days of work
absence [94]. The mean number of absence days per LBP episode was among the
highest (18.2 days), with only psychiatric disorders (ICD V) causing longer spells
(28.5 days) [94]. In Germany and some other countries, however, the trend for an
increase in absence days in recent decades has stopped and numbers seem to
have leveled off [94].

Disability causes great loss of productivity at home and at work, and the eco-
nomic burden of chronic disability has become enormous in both the developing
and industrialized countries [26].

Risk factors and obstacles

to recovery potentially can

differ for pain and disability

The Glasgow Illness Model is an operational clinical model of low back disabil-
ity [99, 104] that includes physical, psychological, and social elements (Fig. 2). It
assumes that most back and neck pain starts with a physical problem, which
causes nociception, at least initially. Psychological distress may significantly
amplify the subjective pain experience and lead to abnormal illness behavior.
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Figure 2

Glasgow Illness Model of Disability [99]. This operational model of
low back disability describes the development from a physical prob-
lem causing nociception to illness behavior and an alteration of
the social role.

High levels of pain and illness behavior alter social function, and the individual
may adopt a “sick role”. A small minority of patients persist in the sick role, expe-
riencing high levels of pain, even though the initial cause of nociception should
have ceased and healing should have occurred.

Burden of Spinal Disorders

Back pain related heath care utilization is common [55]. Musculoskeletal com-
plaints account for about 10–20% of primary care visits and are the second most
common reason for consulting a doctor [76].

Papageorgiou and Rigby [70] characterized the back pain related contact with
medical services by applying a one-in-five rule of thumb: One in five of the popu-
lation experience back pain at any one period of time; of these, one in five consult
their GP; and one in five of those consulting are referred to a specialist. One in
five of those attending outpatients are admitted to hospital, and one in five of
those admitted undergo surgery for back pain.

Low back pain has a severe

impact on the individual,

families, and society

Musculoskeletal complaints are second only to respiratory disorders as a
cause of short-term sick leave [87], and are the leading cause of long-term
absence from work (>2 weeks) in many countries [11]. Furthermore, muscu-
loskeletal complaints are among the leading causes of long-term disability [94,
102]. Individual disability includes subcategories of functional capacity, such
as mobility (part of the activities of daily living, transportation, leisure activi-
ties, sexual activities and other social role handicaps – occupation and house-
hold). As such, non-specific back pain is often accompanied by psychological
distress (depression or anxiety), impaired cognition and dysfunctional pain
behavior.

Economic Costs

The estimation of costs depends largely on the perspective that is chosen, such as
the societal perspective, the patient’s perspective, the health insurance perspec-
tive, the health care provider perspective or the perspective of companies.
Whether results are comparable depends largely on the chosen perspective. Eco-
nomic evaluations usually refer to a societal perspective. In that case, all relevant
outcomes and costs are measured, regardless of who is responsible for the costs
and who benefits from the effects. Since spinal disorders result in high costs to
society, there have been an increasing number of economic evaluations. Van
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Table 2. Direct costs of musculoskeletal disorders

ICD 10 Diagnosis 1994 direct costs
for treatment (%)

1997 direct costs for
treatment (billions DM)

XIII Musculoskeletal disorders 12.6 48.8
X Respiratory disorders 5.2 20.1
XIX Injuries, poisonings 7.8 30.2
V Psychiatric disorders 10.9 42.2

Others 63.5 245.7
Total 100 387

Cost estimates according to Thiehoff [89]

Table 3. Lost work days and lost productivity due to musculoskeletal disorders in 2003

ICD 10 Diagnosis Lost work days
(millions)

% Lost productivity
(billions EUR)

In %
GNP

XIII Musculoskeletal disorders 116.50 24.9 10.60 0.50
X Respiratory disorders 66.05 14.1 6.01 0.28
XIX Injuries, poisonings 61.04 13.0 5.55 0.26
V Psychiatric disorders 45.54 9.7 4.14 0.20

According to Deutsches Bundesministerium für Wirtschaft und Arbeit (2003) Bericht der Bun-
desregierung: Sicherheit und Gesundheit bei der Arbeit. http://de.osha.eu.int/statistics

Roer, Boos and van Tulder recently gave an introduction to cost analysis [91]. The
economic burden of spinal disorders includes:

) direct,
) indirect, and
) intangible costs

Direct costs concern medical expenditure, such as the cost of prevention, detec-
tion, treatment, rehabilitation, and long-term care. Direct costs of spinal disor-
ders are estimated to be high. For instance back pain was estimated to cost the
National Health Service in Britain £480 million in 1994 and accounted for
£1.4 billion in social security costs [20].

The total costs of low

back pain are enormous,

and are predominantly

caused by disability

Indirect costs consist of lost work output attributable to a reduced capacity for
activity, and result from lost productivity, lost earnings, lost opportunities for
family members, lost earnings of family members, and lost tax revenue. In Ger-
many, musculoskeletal disorders are the most expensive form of work disability
for companies and cause almost 27% of all production downtime due to sick
leave from work. Estimates of direct and indirect annual costs of musculoskeletal
disorders add up to approximately 24.5 billion euros for the labor force and
approximately 38 billion euros for the total population [89]. However, working
with spinal disorders produces additional loss as recently shown by Hagberg,
Tornqvist, and Toomingas [37] in employees working at video display units. Par-
ticipants in this study rated their loss in productivity due to musculoskeletal
problems in the last month compared with the previous month. Among those
with no sick leave in the last month, 6.1% of women and 8.3% of men reported
a loss of productivity as a result of musculoskeletal disorders.

Finally, intangible costs are the most difficult to estimate. Intangible costs
include psychosocial burdens resulting in reduced quality of life, such as job
stress, economic stress, family stress, and suffering.

Reports dealing with direct and indirect costs from different countries have
recently been reviewed and discussed [36, 56, 59].

The direct and indirect costs are considerable and their management utilizes
a significant part of the gross national product of many countries. However, as
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with prevalence rates, estimates of costs differ considerably due to the use of
varying definitions and cost methodologies [59].

Risk Factors

LBP is multifactorial in originIn non-specific low back and neck pain there is no clear etiology; in these disor-
ders, pain is a symptom rather than an illness. There are individual characteris-
tics as well as conditions of work and lifestyle factors that relate to the reporting
of symptoms. Four important points should be made here:

) Non-specific low back and neck pain cannot be understood when looking at
single factors alone. Multiple factors are involved.
) Risk factors contribute differently with respect to predicting development,

persistence, and recurrence of symptoms.
) Risk factors differ for pain reporting, disability, and pain behavior. In addi-

tion, risk factors differ for morphological alterations such as disc herniation
and disc degeneration.
) The association of risk factors with non-specific low back and neck pain is

probabilistic not deterministic, i.e. an individual showing a risk factor has
an increased likelihood of developing symptoms in the future, but it is not
inevitable, and the individual may instead remain symptom free.

Risk factors can be categorized into several domains:

) individual factors
) morphological factors
) general psychosocial factors
) occupational physical factors
) occupational psychological factors

Individual Risk Factors

By far the most strongly predictive risk factor for neck pain and low back pain is
previous neck pain and low back pain [41, 81]. Recent studies have indicated that
some of the strongest predictors of disc degeneration and LBP are genetic factors
[6, 69]. Research in adult monozygotic twins who differ in their history of work-
related and other risk factors showed that a considerable amount of disc degener-
ation is due to heredity [6]. The genetic influence in disc degeneration was con-
siderably higher than the influence of work-related factors, which were previ-
ously thought to be most strongly related to disc degeneration. The genetic influ-
ence on neck and back pain is less clear [34, 39] and seems to depend on age [39].
Genetic influences on back and neck pain might therefore be indirect via mor-
phological factors, or via factors that influence the reporting of neck and back
pain, i.e. there might be a genetically determined tendency for psychological dis-
tress, as was recently found in a study on adult female monozygotic and dizygotic
twins [60]. Besides the influence of genetic factors on spine morphology, there
are also various factors such as birth weight and smoking during pregnancy that
can affect the development of the vertebral canal [49]. Other individual charac-
teristics affecting susceptibility to spinal disorders include:

Age, gender, and body

weight are established

risk factors

) age >50 years [100], most likely linked to pain via degenerative diseases
) gender, with females being more likely to report neck and back pain, and

men being more likely to have a higher number of days absent from work
[67, 94], and diagnosed hernia [67]
) obesity
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) general health status and comorbidity
) smoking
) sedentary lifestyle [44]

Recent reviews show that the evidence for body weight, smoking and physical
inactivity as risk factors is comparably small [81]. Among various individual
characteristics of children (including gender, body height, body weight, trunk
asymmetry, thoracic kyphosis and lumbar lordosis), it was shown that being
female and having a short stature at 11 years of age predicted the incidence of
neck pain [74].

Evidence is increasing

that genetic factors

are related to disorders

that involve discs

With respect to physical activity during leisure time, there is not much evi-
dence for a general association of sports and musculoskeletal symptoms, but a
sedentary lifestyle is associated with a higher prevalence of LBP and sick leave
[44]. There appears to be a weak positive association between increased body
height and disc herniation. Obesity, regardless of height, is associated with disc
degeneration and LBP [38, 45]. Low income and lower social class are risk fac-
tors, but analyses including multiple risk factors show more specific factors to be
behind these categories [81].

Morphological Risk Factors

Morphological factors are

poorly correlated with pain

Disc herniation and disc degeneration are often present in asymptomatic indi-
viduals, a finding that confirms that low back pain symptoms, pathology and
radiological findings are not strongly interrelated [8, 16, 30, 50]. Vertebral frac-
tures are not necessarily related to pain [51]. In a recent review, van Tulder and
coworkers reported that degeneration, defined by the presence of disc space nar-
rowing, osteophytes, and sclerosis, was associated with non-specific low back
pain, although the associations were only moderate [92]. Spina bifida, transi-
tional vertebrae, spondylosis and Scheuermann’s disease did not appear to be
associated with low back pain [92]. Patients reporting back pain in spondylolysis
and spondylolisthesis are often classified as having non-specific low back pain
because a considerable proportion of patients with such anatomical abnormali-
ties are asymptomatic [85, 92]. The anatomical incidence is about 5% [111].

Among patients reporting back pain, MRI findings of mild to moderate com-
pression of spinal nerves, disc degeneration or bulging, and central stenosis were
not found to correlate closely with the severity of symptoms [8, 48].

In one large epidemiological study, the one-year incidence of cervical radicu-
lopathy was 83/100000 [75]; the incidence of lumbar radiculopathy is probably
much higher.

Psychosocial Factors

In accordance with the Glasgow Illness Model, epidemiological research indi-
cates that psychosocial factors are an integral part of the pain disability process.
Evidence is increasing that psychosocial factors have more impact on low-back
pain disability than do biomechanical factors [66].

There is strong evidence that psychosocial variables are associated with the
reporting of back and neck pain [105]. Inappropriate attitudes and beliefs about
back pain (for example, the belief that back pain is harmful or potentially

Depression and anxiety

are the best explored

risk factors

severely disabling, or high expectations of passive treatments rather than a belief
that active participation will help), inappropriate pain behavior (for example,
fear-avoidance behavior and reduced activity levels), low work satisfaction, and
emotional problems (such as depression, anxiety, stress, tendency to low mood
and withdrawal from social interaction) are strongly linked to the transition
from acute to chronic pain and disability [66, 93].
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Occupational Physical Risk Factors

Heavy physical work is asso-

ciated with LBP

There is evidence that there is a moderate association between the incidence
(onset) of back pain and heavy physical work [100]. With regard to disc herniation
in males, higher incidence rates are found in the wholesale trade industry (10.7/
10000), manufacturing (8.9/10000), and construction (8.4/10000) than in the ser-
vice sector (2.8/10000) and finance and insurance (2.2/10000) [67]. When national
health statistics include the nature of injury or illness by major events or exposure,
nearly 95% of exposures labeled as “overexertion” and “repetitive motion” include
musculoskeletal complaints [67]. Within private industry in the US, more than half
of the cases of illness and injury that mention “overexertion” refer to frequent lift-
ing. Cases filed in connection with overexertion and repetitive motion mostly refer
to the region of the back (52%) and upper extremities (26%), but rarely to the neck
[67]. Interestingly, although the proportion of people involved in heavy work has
decreased in industrialized countries, there has been a concomitant increase in the
number of people with work disability [99]. Furthermore, the rate of musculoskel-
etal disorders of the back is higher in many non-manufacturing industries than in
manufacturing industries [67]. These discordant trends for heavy physical work
and LBP disability suggest that while heavy work may be a contributory factor in
the onset of non-specific back pain it is not a cause in many cases of work disability.
There is some evidence, however, that the physical demands of work may influence
the ease of return after an episode of pain [29].

Physical risk factors for the development of occupational back pain include:

) heavy physical work related to overexertion [39]
) manual materials handling including repetitive motion [39, 100, 101]
) twisting and bending [100, 101]
) frequent lifting [100, 101]
) awkward postures [100, 101]
) whole body vibration [57]

For the cervical spine the most consistently identified physical risk factors
include [66]:

) exposure to repetitive movement of arms or neck and arm
) static load on the neck region
) segmental vibration exposure through hand-held tools
) rapid acceleration deceleration movements (whiplash)

Occupational Psychological Risk Factors

Psychosocial work factors

are associated with

disability and return to work

There is increasing evidence that the work factors leading to chronic disability
are more psychosocial than biomechanical [9]. Musculoskeletal disorders are
closely connected with occupational health psychology not only via biomechani-
cal and environmental strains, but also through occupational variables such as
task related and social stressors, control at work, job satisfaction, and support
from supervisors and coworkers. The evidence for psychosocial risk factors in
back pain [46] and neck pain [4] has been the subject of recent reviews.

Work-related psychosocial factors associated with spinal disorders are [29]:

) a rapid work rate
) monotonous work
) low job satisfaction
) low social support
) low decision latitude
) job stress
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The way an individual copes with work factors, and how people attribute symp-
toms as being related to work factors, also influences the course of the disorder,
especially in relation to return to work after treatment [86].

Absence of Evidence for Certain Risk Factors

Remember:

Absence of evidence

is not evidence of absence

Epidemiology contributes to the search for evidence for various risk factors in the
development of LBP. However, also of importance is the absence of evidence for
other factors. Non-evidence has now accumulated for various factors of impor-
tance to our understanding of the development, diagnosis and treatment of LBP:

) limited diagnostic and prognostic value of medical imaging in non-specific
back pain [8, 10]
) no positive effect but negative effect of bed rest [25, 98, 103]
) no negative but positive effects of early return to work [17]
) LBP in children and adolescents more common than previously thought [88]
) no seasonal impact [43]

The contribution of medical imaging in predicting the development of future LBP
in non-symptomatic individuals is limited [10]. Prolonged bed rest for sciatica is
not beneficial [25, 98]. Bed rest may be instead a risk factor for poor recovery in
acute LBP [103]. Early return to work after an episode of pain, and even return to
work with a moderate level of prevailing pain, is not a risk factor for recurrent pain
episodes but may in contrast be beneficial in preventing recurrent episodes [17].
For many years, LBP in children and adolescents was considered to be rare and an
indication of serious disease [1]. More recent epidemiological studies have shown
that the prevalence of non-specific LBP in children is high, reaching that of adults
by the end of the growth period, and psychological factors such as beliefs about
general health also seem to predict the first reports of pain episodes [88]. Contrary
to widespread belief in practitioners and patients, the empirical evidence for sea-
sonal variation in the prevalence of neck and back pain is minimal [43].

Geographical Variation

The reporting of back and

neck pain exhibits substan-

tial geographical variations

Epidemiological knowledge about prevalence of neck and back pain in developing
countries is relatively small. Recently Fejer, Kyvik, and Hartvigsen included 56
studies on prevalence rates in their study on neck pain in the world population
[35]. Almost half the studies (46%) were from Scandinavia, 23% from the rest of
Europe, 16% from Asia, and 11% from North America. Two papers were from
Australia and one was from Israel. The mean one-year prevalence rates were
higher in Scandinavian countries (36%) compared with the rest of Europe (26%)
and Asia (13%), but the differences were not statistically significant. Two studies
from the Tokelau Islands (small islands in the South Pacific Ocean) reported life-
time prevalence rates for neck pain that were very low [109] or close to zero [110].
Violinn [95] also reported lower prevalence rates for low back pain in farmers liv-
ing in Nigeria, southern China, Indonesia, and the Philippines. Of note was the
finding that low back pain was more common among inhabitants of these coun-
tries who lived in cities. A recent comparison of chronic pain among 15 countries
of the EU and Israel showed that self-reports of herniated or degenerated interver-
tebral discs were more common in Belgium, Austria, and Switzerland compared
with Norway, Sweden, Finland and Denmark [13]. Prevalence rates also differ
within countries, e.g. in the UK [106] and Germany [81]. Not surprisingly, the use
of surgery for low back pain varies widely across regions and between counties
[64]. In the United States there are reports of large regional differences in the like-
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lihood of being offered spine surgery for a given disorder [7]. The interpretation
of geographical data regarding prevalence rates always remains tentative because
so many other differences between countries are left unconsidered. Therefore,
Deyo characterized geographical comparison as a more “hypothesis generating”
approach than “hypothesis testing” [24].

Unfortunately, important epidemiological data are not available for large areas
of the world, and as such the natural course of non-specific spinal disorders and
factors influencing their development and cost cannot be fully determined for
these regions.

Some important future research considerations include the collection of:

) epidemiological data from different countries in a more uniform manner to
facilitate comparative research and to render results comparable [96]
) more data sets in eastern Europe and the developing countries [95]

Flag System for the Risk Factors

The Flag System is very

useful for the assessment

of risk factors

Consultation with a surgeon is recommended for conditions with “red flags”.
Red flags are symptoms and findings that may indicate tumor, fracture, infection,
or cauda equinal compression. Obstacles to recovery and return to work (the so-
called yellow and blue flags) are likely to involve more complex clinical and psy-
chosocial issues, requiring more detailed, individual assessment [14, 15, 63].
Finally, black flags indicate factors that are the same for many individuals and
relate to the social security and health care system of a country.

A distinction should be made, however, between individual perceived obsta-
cles to return-to-work (blue flags) and organizational policies regarding sick-
ness, over which the individual has no control [14, 61]. Dealing with obstacles
should include work-focused interventions and individually adapted interven-
tions to meet the needs of individual clients. Altogether, yellow, blue and black
flags should contribute to:

) better screening of individuals at risk of developing a chronic problem
) better interventions to increase return to work
) prevention of recurrent episodes of disability

Flags are therefore included in occupational policy guidelines for the manage-
ment of non-specific spinal disorders, particularly occupational LBP.

Red Flags

Red flags are indicators of serious spinal pathology (e.g. cauda equina syn-
drome, which requires urgent surgical decompression). They represent poten-
tially significant physiological risk factors for developing chronic LBP if not
appropriately assessed. Red flags indicating neoplasm, infection, and cauda
equina syndromes are extremely rare [16].

Red flags comprise:

thoracic pain
fever and unexplained weight loss
bladder and bowel dysfunction
history of carcinoma
ill health or presence of other medical illness
progressive neurological deficit
disturbed gait, saddle anesthesia
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Yellow Flags

Yellow, blue, and black

“flags” address factors

that should be taken into

account to prevent

long-term disability

Yellow flags are individual cognitive, emotional, and behavioral risk factors for
developing chronic LBP, including individual attitudes and beliefs towards one’s
own LBP and its management [53, 58]. Yellow flags indicate psychosocial obsta-
cles to recovery, and have been integrated into a systems approach for the man-
agement of acute and subacute LBP [53] that recognizes the importance of both
clinical and occupational perspectives in the management of LBP at work. Yellow
flags comprise:

distress/depression (depression, anxiety, distress, and related emotions are
related to pain and disability) [101]
preexisting chronic pain, either in the back or elsewhere [84]
fear-avoidance (attitudes, cognitive style, and fear-avoidance beliefs are
related to the development of pain and disability) [63, 86]
coping (passive coping is related to neck and back pain and disability) [65]
pain cognitions (e.g. catastrophizing, which is related to pain and disability)
[72]
poor self-rated health (self-perceived poor health is related to chronic pain
and disability and development of new chronic back pain [84])
kinesiophobia [72]
expectation of passive treatments(s) rather than a belief that active partici-
pation will help [100]

Blue Flags

Research into occupational health has identified certain work characteristics,
such as time pressure and low job satisfaction, that represent risk factors for the
development of complaints [83] including LBP [31]. Blue flags are individually
perceived occupational factors that impede recovery from prevailing non-spe-
cific musculoskeletal pain and disability and increase the risk of prolonged
symptoms or recurrence of episodes [23, 29, 73, 101]. Work-related psychosocial
risk factors include:

high job demands (time pressure, uncertainty, frequent interruptions, etc.) [83]
low job control (influence on methods and time, e.g. the ability to indepen-
dently plan and organize one’s own work, and influence on work pace and
schedule, autonomy, decision latitude, participation in planning) [31]
low or inadequate social support from supervisors and colleagues [33]
low appreciation of efforts (income, social recognition, non-monetary
rewards, career progression) [29]
unfavorable team climate [29]
low job satisfaction [29]
attributing the cause of pain to work [86]
being sceptical about the further management of work tasks and about
return to work at all [29]

Black Flags

Black flags relate to occupational and societal factors that are the same for many
workers. These may initially lead to the onset of LBP (“occupational injury risk”),
and may promote disability once the acute episode has occurred (“vocational edu-
cation system”, “sickness policy”, “social benefit system”, “compensation claims”,
“micro- and macroeconomic situation”, “security obligations”). For instance, the
influence of societal factors on work disability due to spinal disorders is shown in
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comparing the prevalence of work disability in the former East and West Ger-
many [81]. After unification, the western health and social benefit system was
adopted in East Germany. In the first few years after unification, work disability
was lower in East than in West Germany. However, the difference in prevalence
rates between the two regions decreased continuously in subsequent years, and
the figures for East Germany now approach those of West Germany [81].

Black flags are:

adverse sickness policy [66]
ongoing disability claim (results in little involvement in rehabilitation
efforts) [5]
disability compensation at the time of vocational rehabilitation (corre-
sponds to less participation and poorer outcome) [28]
unemployment (causes physical, psychological, and social effects that inter-
act to aggravate pain and disability) [20, 90, 106]
legal aspects and the insurance system (e.g. whiplash syndrome is not com-
mon in Lithuania, where insurance does not cover compensation for neck
pain after traffic accidents) [82]

Direction for Future Epidemiological Research

Improved classifications of

spinal disorders are required

that are standardized,

reliable and valid

Studies should use more standardized classification procedures, which necessi-
tates greater agreement on definitions, classification and staging [112]. In addi-
tion to a population based registry approach [79, 80], a greater standardization of
the assessment of risk, treatment and outcomes [62, 94] and a more standardized
costing methodology are also urgently needed, to help estimate the long-term
economic consequences of treatment [59]. There is also a need to distinguish
prognostic risk factor analyses with reference to “new”, “persistent”, and “recov-
ered” courses of symptoms over time, as preliminary evidence shows differences
between persistent and “new” chronic back pain in their predictors and associa-
tions [84]. Analysis of time-bound cumulative exposure to risk factors might
allow new insights into the reversibility of developments [32]. Transition phases
into and out of a “chronic pain status” should also be the focus of future research
endeavors. Specific types of psychosocial risk variables may relate to distinct
developmental time frames, implying that assessment and intervention need to
reflect these variables [58]. In addressing such issues, epidemiology may help to
screen those workers who are at risk of developing chronic, non-specific spinal
disorders [102].

Recapitulation

General scope. Epidemiology helps clinical deci-
sion-making by providing evidence-based informa-
tion with respect to the classification of disorders,
the natural course of disease, the frequency and
development of the disease in a population, and
the burden of costs.

Classification. Most spinal disorders are non-spe-

cific and within non-specific spinal disorders neck
pain and low back pain are the most common
symptoms. Non-specific neck pain and non-specific

low back pain show high 1-year prevalence rates,
and their lifetime incidences indicate that nearly
everyone will experience neck and back pain at
some time in their life. There are also high recur-

rence rates. It is the persistence of symptoms in
some individuals that causes the enormous costs

to society.

Risk factors. The etiology of non-specific spinal dis-
orders is unclear. Genetic factors associated with
the vulnerability of the intervertebral disc to de-
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generative change seem to be involved. By far the
best predictor of future back/neck pain episodes
is previous back/neck pain. According to the Glas-

gow Illness Model, biological, psychological and
sociological factors contribute to the persistence
and recurrence of disability. Epidemiological evi-
dence shows that psychological, sociological, and
health policy factors are more strongly related to
chronic pain and disability than are morphologi-
cal factors and biomechanical load.

Flag system for risk factors. Epidemiological
knowledge of risk factors provides the foundation
for the flag categorization approach, and this
should contribute to better screening of those at
risk of long-term disability. Among other yellow
flags, inappropriate beliefs – such as the belief that
back pain is due to (progressive) pathology, that
back pain is harmful or disabling, that activity
avoidance will aid recovery, and that passive treat-
ments rather than active self-management will help
– play a major role in the persistence of disability.

Key Articles

Breivik H, Collett B, Ventafridda V, Cohen R, Gallacher D (2006) Survey of chronic pain
in Europe: Prevalence, impact of daily life, and treatment. Eur J Pain 10:287–333
This article provides recent (2003) estimates of the prevalence of pain in 15 European
countries and Israel.

Brauer C, Thomsen JF, Loft IP, Mikkelsen S (2003) Can we rely on retrospective pain
assessments? Am J Epidemiol 2003 157:552–557
Recall bias in the assessment of pain can have a critical influence on estimates of the prev-
alence and incidence of spinal disorders. This paper describes an empirical approach to
the problem in which 12 consecutive weekly pain recordings were compared with the
final retrospective judgment of the 3-month period. The results showed that workers
were able to accurately recall and rate the severity of pain or discomfort for a period of
3 months.

Carragee EJ (2005) Clinical practice. Persistent low back pain. N Engl J Med 352(18):
1891–1898
This excellent overview article begins with a case vignette highlighting a common clinical
problem and presents current knowledge on persistent low back pain from a clinical
point of view.

Nachemson AL, Waddell G, Norlund AI (2000) Epidemiology of neck and low back pain.
In: Nachemson AL, Jonsson E (2000) Neck and back pain. Philadelphia: Williams & Wil-
kins, pp 165–188
This chapter summarizes current evidence from the view of some of the most revered
researchers in the field.

Raspe H (2002) How epidemiology contributes to the management of spinal disorders.
Best Practice Res Clin Rheumatol 18:9–21
A carefully written overview with special reference to a research agenda of topics that are
most important to address in further research.

WHO Scientific Group (2003) The Burden of Musculoskeletal Conditions at the Start of
the New Millennium. WHO Technical Report Series, 919. http://www.emro.who.int/ncd/
publications/musculoskeletalconditions.pdf
Over the last couple of years, a WHO scientific group of experts has been working in col-
laboration with the Bone and Joint Decade 2000–2010 to map out the burden of the most
prominent musculoskeletal conditions. The long-term aim of the work is to help prepare
nations for the impending increase in disability brought about by such conditions. The
group has gathered data on the incidence and prevalence of spinal disorders and consid-
ered the severity and course of spinal disorders, along with their economic impact. The
group has also made suggestions for a more standardized approach in the measurement
of pain, disability, etc.
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Waddell G, Burton AK (2001) Occupational health guidelines for the management of low
back pain at work: evidence review. Occup Med 51:124–35
The article is probably the best evidence-based review of occupational LBP and continu-
ous updates are planned.
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7
Predictors of Surgical Outcome

Anne F. Mannion, Achim Elfering

Core Messages

✔ A substantial proportion (20 –40 %) of patients
will have a poor outcome regardless of the
technical success of the surgical procedure

✔ The proportion of “successful” patients, as well
as the factors that determine a good outcome,
depends on how success is defined

✔ Outcomes tend to be less good for contentious
indications (e.g. chronic low back pain, instabil-
ity)

✔ The most robust information on predictors of
outcome is delivered by prospective studies in
which a large number of patients and many
putative risk factors are examined

✔ Consistent risk factors for a poor outcome
include: a long duration of symptoms; severity

of morphological alteration (for disc herniation)
comorbidity; psychological distress (especially
in chronic pain); social support encouraging
passive behavior (especially in chronic pain);
smoking (especially for fusion); job dissatisfac-
tion; worker’s compensation; long-term sick-
leave

✔ Risk factors should be assessed before surgery
and modified to improve the likely outcome
and/or discussed with the patient to set realis-
tic expectations

✔ The accurate identification of a surgically treat-
able lesion is instrumental in determining out-
come

Epidemiology

A not inconsiderable proportion of patients operated on for spinal disorders will
have a poor result (Table 1), regardless of the apparent technical success of the
operative procedure itself. In a large randomized controlled trial of fusion meth-
ods for chronic low back pain (posterolateral vs posterolateral with screws and
internal fixation vs posterolateral with screws and interbody fusion), the propor-
tions of patients achieving solid fusion were 72%, 87% and 91% in each group
respectively; however, these were unrelated to the patients’ ratings of global out-
come and changes in pain and function, which were highly comparable between

Clinical outcome poorly

correlates with the

radiological result

the groups [25]. Patient-orientated and radiological outcomes were similarly
uncorrelated in a large study of the long-term results of patients undergoing pos-
terior spondylodesis for spondylolysis and spondylolisthesis [52]. In a study of
78 patients with adolescent idiopathic scoliosis who had undergone surgery with
Harrington instrumentation 20 years previously, the overall long-term clinical
outcome (assessed with the Scoliosis Research Society questionnaire) showed no
correlation with the radiological outcome [39]. Finally, in a large follow-up study
of patients with lumbar spinal stenosis, successful or unsuccessful surgical
decompression (judged by the postoperative observation of stenosis on CT) did
not correlate with patients’ subjective disability, walking capacity or severity of
pain [40].
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Some patients will have

a poor outcome even after

a technically successful

operation

The discrepancy between a good surgical outcome and a poor subjective result
has prompted the search for “risk factors” in an attempt to better identify indi-
viduals who are less likely to benefit from surgery. It has also encouraged the
development of “pre-screening” tools, to assist with the patient selection pro-
cedure and the promotion of realistic expectations on behalf of the patient
[55, 64].

Over the last 10–15 years, numerous studies have sought to identify predictors
of surgical outcome (see Table 1). The various factors that may influence the (at
times discrepant) findings from these studies include:

) the design of the study and the statistical methods used to identify predic-
tors
) the outcome measures employed and the means by which a “successful out-

come” is defined
) the proportion of patients in the investigated group that typically achieve a

successful outcome
) the number and type of predictor factors subjected to examination, and

their prevalence within the group under investigation
) the specific pathology or surgical procedure under investigation and the

defining characteristics of the patients with that pathology

These issues must be considered carefully, in order that the reader may appreci-
ate the somewhat complicated nature of the topic and may develop the critical
thinking required to interpret the results of the existing and future studies of pre-
dictors. A more comprehensive review of this topic can be found in two recent
reviews [41, 58].

Outcome Measures

The patient is the best judge

of the outcome

The proportion of positive outcomes after spinal surgery [43] and the factors
that predict outcome [36, 73] depend to a large extent on the manner in which
outcome is assessed. There is no single, universally accepted method for assess-
ing the outcome of spinal surgery. In the past, many clinicians developed their
own simple rating scales, using categories such as “excellent, good, moderate and
poor”, which they themselves used to judge the outcome, predominantly from a
surgical or clinical perspective. The technical success of the operation also lent
itself to evaluation in terms of, for example, the accuracy of screw placement or
the degree of fusion/extent of decompression achieved, as monitored by appro-
priate imaging modalities at follow-up. In an effort to achieve further objectivity,
these measures were in the past supplemented with physiological measures such
as range of motion or muscle strength [18]. However, in many cases, these mea-
sures proved to be only weakly associated with outcomes of relevance to the
patients and to society. There is now increasing awareness that the outcome
should be (at least also) assessed by the patient himself/herself.

Core outcome measures

are pain, function, generic

well-being, disability,

and satisfaction

The previously popular surgical outcome measures have been superseded by
a diverse range of patient-orientated questionnaires that assess factors of impor-
tance to the patient, such as symptoms, disability, quality of life, and ability to
work. However, the emergence of many new instruments in each of these
domains, some of which have not been fully validated [92], and the lack of their
standardized use, has compromised meaningful comparison among different
diagnostic groups, treatment procedures and clinical studies. In recognition of
this problem, a standardized set of outcome measures for use with back pain
patients was proposed in 1998 by a multinational group of experts [18]. There
was general consensus that the most appropriate core outcome measures should
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include the following domains: pain, back specific function, generic health status
(well-being), work disability, and patient satisfaction [7, 18]. Recent studies have
shown that these measures, while related, are not interchangeable as outcome
measures [19]. Deyo et al. [18] developed a core set of just six questions that

Short, valid and reliable

outcome questionnaires

were recently developed

would cover all of these domains yet be brief enough to be practical for routine
clinical use, quality management and possibly also more formal research studies.
The psychometric characteristics of this questionnaire were recently examined
in both surgical and conservative back pain patients and the reliability, validity
and sensitivity to change of the individual core questions and of a “multidimen-
sional sum-score” was established [59]. The authors added another single ques-
tion to the core-set to assess “overall quality of life” (taken from the WHO-QoL
BREV questionnaire), as this domain appeared to be delivering different infor-
mation to the (symptom-specific) “overall well-being” question in the original
core-set. It has been shown that it is feasible to implement this questionnaire on
a prospective basis for all patients being operated on within a busy orthopedic
Spine Unit performing approximately 1000 spine operations per year [62]. For
more extensive or in-depth clinical trials, it has been suggested that researchers
may wish to administer an expanded set of instruments, depending on the par-
ticular focus of the study, e.g. Roland Morris or Oswestry Disability Index for
back specific function, and SF36 for generic health status [7, 18], and perhaps
other validated questionnaires to assess, for example, beliefs, fears, or psychoso-
cial factors.

In addition to the information delivered by these above questionnaires, a sin-
gle question enquiring about the patient’s rating of the overall effects of treat-
ment (“global outcome”) is often used as an outcome measure. This can be useful
for retrospective studies in which no patient-orientated baseline data is other-
wise available or for studies of predictors in which outcome categories are to be

Global outcome

assessment is desirable

compared. Recent work has shown that global assessment represents a valid,
unbiased and responsive descriptor of overall effect in randomized controlled
trials [35, 57]. Criticisms of global assessment usually include the difficulties in
comparing different disease entities, and the dependence of the measures on the
baseline characteristics of the groups to be compared [35]; however, both of these
can be overcome in observational predictor studies if cases and control groups
are well matched.

What Constitutes a “Successful Outcome”

How “success” is defined

governs not only the

proportion of patients with

a good outcome but also

the factors that predict it

The proportion of patients that can be considered a success after surgery, as well
as the factors that might predict a good outcome, depend on how success is
defined [3, 73]. The success of outcome is likely best considered in relation to the
predominant aim of the surgery. Hence, for decompression surgery for a herni-
ated disc or spinal stenosis, the most important outcome may be the reduction of
leg pain or sensory disturbances and/or walking capacity, whereas for “chronic
degenerative low back pain”, the relief of low back pain will primarily govern the
degree of success. For all of these conditions, the ability to regain normal func-
tion in activities of daily living will also be of importance, although this typically
follows with time, once the main symptoms have resolved. In the case of defor-
mity surgery, pain or disability may not be an issue, and factors other than symp-
toms (such as cosmetic appearance, prevention of progressive worsening and
associated systemic complications) may determine the “success” of surgery. The
success may also depend on the age group and working status of the group under
investigation, as well as the answer to the question “who’s asking?” – when
viewed from the economic point of view, outcomes concerned with work capac-
ity may be of greatest importance for younger patients of working age.
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As mentioned above, global assessment scores often give the most direct
answer to the question “did the operation help?” and allow for the patient to
interpret the question in relation to his or her own particular pre-surgical prob-
lems and expectations of surgery. For the purposes of predictor studies, multi-

Multiple response

categories are favored

for outcome assessment

ple response categories for this question (commonly between three and seven
responses, ranging from “the surgery helped a lot” through to “the surgery
made things worse”, or “excellent result” through to “bad result”) are often col-
lapsed to dichotomize the data into “good” and “poor” outcome groups. Some
authors consider that all responses greater than a “neutral” outcome (i.e. no
change) should be considered as a positive result, while others argue that for
elective surgical procedures a notable improvement should be required (i.e.
more than “helped a little” or “fair result”) to consider the operation a success
[33].

In predictor studies in which continuous variables, such as the Roland Morris
score, Oswestry Disability Index, or pain visual analogue scales, are used as the
primary outcome measure, some indication of the cut-off value corresponding to
a “good outcome” is required, i.e. the value of the minimal clinically relevant
change-score. To determine the value of such cut-off scores, the method of
Receiver Operating Characteristics (ROC) is commonly used. The ROC curve

Figure 1. Receiver operating characteristics (ROC) curve

This curve is used for determining the minimal clinically relevant change-score of a 0 – 10 outcome scale. The curve
shows the “true-positive rate” (sensitivity) versus “false-positive rate” (1 – specificity) for detecting a “good global out-
come” for each of several cut-off points for the change score. The cut-off score with the optimal balance between true-
positive (71 %) and false-positive (19 %) rates (red line) yields the clinically relevant change score (in this case, a 3-point
reduction). A cut-off of 1-point reduction (green line) would be very sensitive (89 %) (since most patients with a good out-
come have at least a 1-point change in score) but would also have a high false-positive rate (55 %) (since many poor out-
come patients may show a 1-point change due to measurement error or for non-specific reasons). A cut-off of 5-points
change (orange line) would be less sensitive (46 %) (since many patients with a good outcome would not change by as
much as 5 points) but more specific (only 7 % false-positive rate) (since few patients with a poor outcome would have
such a large score change).
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synthesizes information on sensitivity and specificity for detecting improvement
Receiver operating

characteristics allow the

predictive power

of diagnostic tests

to be evaluated

(according to some dichotomized, external criterion) for each of several possible
cut-off points in change score [17] (Fig. 1). Thus, sensitivity and specificity can be
calculated for a change score of one point, two points, and so on. This method
is analogous to evaluating the predictive power of a diagnostic test, in which the
instrument (questionnaire) change-score is the diagnostic test and the global
outcome (dichotomized as described above) is used to represent the gold stan-
dard [17]. Using such methods, it has been shown that the cut-off for a “good out-
come” for the 0–100 Oswestry Disability Index is a change score of approxi-
mately 10 points [38] or an 18% reduction of the pre-surgery score [61]; for the
pain visual analogue scale, it is approximately 20 points (on a 100-point scale)
[38]; for the 0–24 point Roland Morris disability score, approximately 4 points
[8, 61]; and for the Multidimensional Short Core Measures, approximately 3
points (on a 0–10 scale) [59]. The minimal clinically relevant changes for generic
health scales, such as the SF36, and other secondary outcome measures, such as
psychological distress, have been less well investigated. However, these tend to be
less responsive to surgery [7, 38] and often the minimal clinically relevant change
borders on the value for the minimal detectable difference (i.e. 95% confidence
intervals for the measurement error) for these instruments [38], rendering diffi-
cult the identification of “real change” as opposed to “random error” in a given
individual.

The Outcome of Common Spine Surgical Procedures

The proportion of patients reporting a “good outcome” after surgery depends to
a large extent on how outcome is assessed (see also Table 1). Hence, one must be
wary when attempting to make comparisons of different surgical procedures
between studies, as some of the variation may simply be attributable to the spe-
cific outcome measure used. Few studies (e.g. [5]) have examined the relative
success of different procedures or different indications within the same study and
using a given outcome measure, and even fewer (e.g. [79–81]) have done this on
a prospective basis.

Probably the most comprehensive data reported to date comes from the publi-
cations of the authors responsible for the Swedish Spine Registry, based on their
material collected in 1999 [79–81]. They report the outcome in relation to 2553
patients treated surgically for the most common degenerative lumbar spine dis-
orders. The greatest proportion of patients were diagnosed with disc herniation

The best outcome

is achieved for disc

herniations and stenosis

(50%), followed by central spinal stenosis (28%), lateral spinal stenosis (8%),
segmental pain (8%) and spondylolisthesis (6%). Pain intensity was examined
prospectively, using visual analogue scales, and pain relief compared with the sit-
uation before the operation was enquired about using Likert-like responses.
Patients rated their global satisfaction with the procedure as either “satisfied”
“uncertain” or “dissatisfied”. For disc herniation patients, 75% reported com-
plete or almost complete pain relief 4 months postoperatively. This compared
with 59% for central spinal stenosis, 52% for lateral spinal stenosis, 66% for seg-
mental pain and 65% for spondylolisthesis. These values remained relatively sta-
ble up to 12 months postoperatively, except in the case of segmental pain (which
reduced to 45% patients with complete/almost complete pain relief at 12 months)
and spondylolisthesis (reduced to 50% at 12 months). Twelve months postopera-
tively, the ratings of patient satisfaction among the diagnostic categories gener-
ally followed the same pattern as those for pain relief, with the disc herniation
group having the greatest proportion of satisfied patients (75%), and segmental
pain the lowest (55%).
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The more contentious

the indication, the worse

the postsurgical outcome

The results demonstrate that, for certain indications, there is certainly room for
improvement. Interestingly, there appears to be a negative relationship between
the “soundness” (or generally accepted validity) of the diagnosis and the postsur-
gical outcome: e.g. for herniated disc, the cause of the symptoms can be diag-
nosed with relative certainty based on the history, clinical examination and
imaging; in contrast, the reliability and accuracy of the procedures used to estab-
lish instability/segmental pain have long been the subject of controversy. In most
cases, instability is neither clearly defined nor measurable and its strongest link
to the pain is determined from subjective interpretations of “mechanical” back
pain, provocative discography or response to rigid bracing [24]. This indicates
that the problem may lie, at least in part, in the patient selection procedure (see
later).

Predictors of Outcome of Spinal Surgery

The literature reveals a plethora of studies in which predictor factors have been
assessed. Recent imaging modalities and operative techniques have advanced so
much since the 1980s that negative explorations are now quite rare and the clini-
cal presentation is more straightforward [12]; hence, studies using diagnostic
techniques and/or operative methods that are no longer state-of-the-art may
identify predictors that are of little relevance today. The primary aim of many
studies is simply to report the outcomes for a given procedure, and the factors
associated with a good or bad outcome are considered as incidental or supple-
mentary information. The latter (often retrospective studies) tend to be less
robust in terms of their scientific quality [58]. Other studies specifically set out to
examine prospectively the predictors of outcome for a given spinal disorder or
surgical technique, and it is the results of these studies that are most helpful in

The interplay of the various

outcome predictors is

complex and requires

multivariate analyses

identifying the variables that consistently emerge as predictors. Some of the
recent key studies (Table 1) prospectively examined multiple predictor variables,
used valid outcome instruments and employed multivariate analyses.

The most commonly examined predictors of surgical outcome can be loosely
categorized into the following groups:

) medical factors
) biological and demographic factors
) health behavioral and lifestyle factors
) psychological factors
) sociological factors
) work-related factors

In addition to these, and increasing in popularity as a relatively unexplored ave-
nue for explaining some of the variance in outcomes, is the notion of “patient
expectations of surgery” [55, 60, 64]. One must bear in mind a number of factors
when examining the agreement between studies for the variables identified as
“predictors”. Firstly, predictors can only be found among the variables that are
examined in the first place; and, secondly, the failure to evaluate potentially
important predictor variables in some studies can lead to overestimation of the
importance of the variables that are examined, or to emphasis being placed on
different, but closely related variables carrying similar information. Further, in

Sample size often limits the

comprehensive assessment

of outcome predictors

studies of very small groups of patients, the sample sizes for different outcome
groups may be too small (especially in relation to the size of the “poor outcome”
group, which tends to contain just a minority of patients) to sufficiently power
the study and allow it to identify potentially relevant, real differences.
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Medical Factors

Diagnosis-Specific Clinical Factors

Clinical tests are poor

predictors of outcome

Few studies have been able to identify clinical variables that are predictive of out-
come after spinal surgery. Hagg et al. [36] reported no significant predictive effect
on outcome after fusion of various baseline pain-provocation (flexion/extension),
trunk flexibility, and neurological tests, with the exception of abnormal motor
function, which was associated with a poorer outcome. One study has shown that
preoperative sensory deficit is associated with a good outcome (in terms of back-
specific function), but the relationship was only evident at 28 months after sur-
gery and not at the 3- or 12-month follow-ups [90], suggesting it may have been a
spurious finding. In the same study, the presence of a positive SLR test at
<30 degrees was associated with an unfavorable outcome at each time point, and

The Lasègue sign is a good

clinical outcome predictor

significantly so at 12 months. In contrast, Kohlboeck et al. [50] showed that, pre-
operatively, the Lasègue sign was a good indicator of a successful outcome. Junge
et al. considered the deficiency of reflexes to be predictive of a better outcome in
their pre-screening instrument developed for disc surgery patients [45].

Imaging

The recent widespread use of the MRI scan in the assessment of spinal disorders
has considerably improved the ability of surgeons to understand spinal pathol-
ogy, especially in relation to disc herniation [11]. In two studies, Carragee and
colleagues showed that, in patients with sciatica, the anteroposterior length of
the herniated disc material and the ratio of disc area to canal area seen on MRI
[13], as well as the degree of annular competence and type of herniation seen
intraoperatively [12], had a stronger association with surgical outcome (pain,
function, medication use, satisfaction) than did any clinical or demographic var-
iables. Other studies have shown that patients with an uncontained herniated
disc had a better functional outcome one year after surgery than did those with
a contained herniation [66]. Using multiple regression analysis of a range of
medical variables (including MRI findings) and psychosocial variables, Schade et
al. [73] reported that MRI-identified nerve root compromise and the extent of

Nerve root compromise

is the single best outcome

predictor for discectomy

herniation were the strongest independent predictors of global surgical outcome
2 years after surgery in patients undergoing lumbar discectomy. In contrast,
return-to-work could not be predicted by any clinical or imaging variables and
was instead determined by various psychosocial factors.

Sun et al. [82] retrospectively compared the outcome after adjacent two-level
lumbar discectomy in patients with radicular pain attributable to nerve-root
impingement either with or without concomitant osseous degenerative changes
at the same level. The proportion of patients with an excellent/good global out-
come (MacNab classification) was significantly higher in the group with only a
herniated disc (86%) compared with the group in which osseous changes were
also present (57%).

One large study showed that low disc height (less than 50%) was one of the
Degenerative alterations

of the motion segment

are poor outcome predictors

most significant positive predictors of outcome (back-specific function) in
patients with degenerative chronic low back pain undergoing spinal fusion [36].
In contrast, Peolsson et al. [70, 71] found that disc space narrowing was without
any prognostic significance for functional outcome. In patients undergoing lum-
bar fusion, a surgical diagnostic severity score, based on presurgical imaging,
had no predictive power for either disability status, global outcome, or physical
or social functioning subscales of the SF20 [16].

In the study of Peolsson et al. [70, 71], preoperative segmental kyphosis at the
level to be operated on was the strongest predictor of pain and disability 2 years
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after cervical decompression with fusion, although the proportion of explained
variance was low.

Pain History

Symptom duration is a

strong predictor of outcome

A consistent predictor of poor outcome for various different diagnoses and types
of outcome is the duration of symptoms prior to the operation (Table 1). In stud-
ies that failed to identify this association, closely related variables (e.g. long-term
sick leave, work-disability claim) were often chosen for inclusion in the multivar-
iate model, especially in predicting return to work [36, 84].

Prior operations on the spine have been identified as a risk factor for poor out-
come in a couple of studies [47, 63] although, interestingly, satisfaction with
repeat operations is purportedly higher when there is a history of good results
from previous operations and no epidural scarring requiring surgical lysis [67].

The number of affected

levels is inversely related

to outcome

The number of affected (or operated) levels is often assumed to be negatively
associated with outcome, although only few (mostly retrospective) studies have
actually demonstrated such a relationship with regard to disability status after
fusion [16, 24, 47], the long-term clinical outcome after laminectomy [44] or the
risk of requiring subsequent fusion after discectomy [82]. This relationship is
believed by some to be related to resulting postoperative spinal instability [44]. A
number of other studies, on various diagnostic groups, have been unable to con-
firm this association at all [1, 34, 70, 76]. Again, identifying the correct surgically
treatable lesion(s) may be of greater importance; if this is not done, then increas-
ingly poor results can obviously be expected as increasingly more levels are
wrongly operated on.

General Medical

Significant comorbidity

leads to worse outcomes

Many studies have shown that, especially in older populations of patients, poor
general health in terms of other joint problems or systemic diseases (comorbi-
dity) appears to have a significant negative influence on the outcome of spinal
surgery [11, 45, 48]. However, some studies have failed to find any clear associa-
tion [36, 76]. Perhaps the poor patient-rated outcomes in comorbid patients
reflect, in part, cross-contamination of the outcome instruments (especially
those assessing function [65]), leading to overestimation of the true back-spe-
cific disability. Either way, it is important to make patients with comorbidity
aware that the operation is being carried out for the specific spinal lesion identi-
fied and that it will not serve as a panacea for all their ongoing medical problems.

Surgery-Related Factors

Indications for surgery must

always be critically assessed

All the factors assessed so far for their role in determining the outcome of surgery
are somewhat “extrinsic” to the surgical procedure itself. The assumption tends
to be that the surgeon him- or herself is infallible and that the only reason for fail-
ure relates to inherent characteristics of the patient him- or herself. Certainly
surgical skill is an aspect that is difficult to examine within the context of clinical
trials, but we must concede that a certain proportion of failures are attributable

Surgical skill is an important

but less studied outcome

predictor

not to the patient but to failure of the technique used, or the hardware, and surgi-
cal complications. Furthermore, it is incumbent upon the surgeon to perform an
accurate diagnostic work-up and to critically assess the indications for surgery;
any shortcomings in this respect will naturally increase the potential for an
unsatisfactory result. A recent study, in which the rates of surgery for herniated
disc and spinal stenosis were compared across different spine service areas in the
State of Maine (USA), found that the rates varied up to fourfold among the
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areas examined [49]. Interestingly, the outcomes for patients in the area with the
lowest surgery-rate were significantly superior to those in the high surgery-rate
areas (79% vs 60% with marked/complete pain relief respectively) [49]. The
patients in the higher-rate areas generally had less severe symptoms at baseline
than did those in the lowest-rate area. The authors concluded that the variability
may have been related to differences in physicians’ preferences or thresholds for
severity with regard to recommending an operation and their criteria for the
selection of patients. Waddell and colleagues have argued that distress may
increase the pressure for surgery and that inappropriate symptoms and signs
may obscure the physical assessment, leading to a mistaken diagnosis of a surgi-
cally treatable lesion [88]. In this instance, psychological factors may affect the
outcome of surgery indirectly if inappropriate illness behavior leads to inappro-
priate surgery [88].

Achieving solid arthrodesis

does not assure a good

patient-orientated outcome

As far as technical success is concerned, one of the most commonly assessed
surgical outcomes is the achievement of arthrodesis after fusion surgery,
although it has long been a matter of debate whether the presence of pseudar-
throsis has any influence on the subsequent patient-orientated outcome. Some
studies have shown that pain relief in particular is greater when solid fusion is
achieved [10, 70, 89], although it explains only a small proportion of the variance
in pain outcome (4% [70]). In one recent study of interbody cage lumbar fusion,
although 84% patients achieved solid fusion, only approximately 40–50%
patients demonstrated a successful outcome in terms of pain, quality of life,
global outcome and work-disability status [51]. Other retrospective studies have
indicated that the presence of radiological arthrodesis has no influence on either
back function [30, 69] or work disability status [24] after fusion.

Biological and Demographic Variables

Gender and age are often

“marker” variables for other

more important predictors

Numerous retrospective studies have shown a negative association between the
patient’s age at surgery and outcome, although most of the prospective studies
have shown no influence of age (Table 1) or have even found improved outcomes
in older patients (cervical spine) [71]. In part, the role of age may be explained by
the outcome measure being investigated: where work issues are concerned, then
it is more likely that older age at operation will result in less positive results with
regard to return to work. It is also unclear in many studies (especially when bivar-
iate analyses were used) whether the duration of symptoms was controlled for.
The latter is one of the strongest predictors of a poor outcome (see earlier), and
especially in chronic disorders tends to show a correlation with age. Hence, age
may be acting in part as a marker for symptom duration, where the latter has not
been simultaneously accounted for.

Gender is also highlighted by many retrospective studies as a potential predic-
tor of outcome, although most prospective studies have failed to find such an
association. Those that do, tend to show that men have a better outcome than
women (see Table 1). An association with “maleness” is difficult to explain: pos-
tulated mechanisms include the notion of gender acting as an indirect marker for
various (negative) psychological factors [87], biological differences in the heal-
ing potential of men and women, or (with respect to fusion) gender-related dif-
ferences in the mechanical loading/muscle compressive forces promoting new
bone growth [70].

Body weight has rarely been found to be a predictor of outcome; many studies
show no influence (Table 1) although one recent study showed obesity to have a
negative effect on outcome [6].
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Health Behavioral and Lifestyle Factors

Health behavioral and

lifestyle factors are

important but less studied

Few studies have examined “health behavioral” or “lifestyle” factors as predic-
tors of outcome, although it is conceivable that these could be important in deter-
mining an individual’s response to major surgery. Intuitively, one might imagine
that a higher level of pre-surgical physical fitness would allow a more rapid
return to normal functioning after surgery. To the authors’ knowledge, fitness or
the participation in regular exercise has been examined in only one retrospective
study [4] and was not found to be associated with outcome after percutaneous
lumbar discectomy. Results from the authors’ own studies suggest that the regu-
lar participation in exercise/physical activity for many years prior to the opera-
tion (but not necessarily exercise habits at the time of the intervention) – i.e. exer-
cise as a “lifetime habit” – is associated with a more positive outcome after
decompression surgery (unpublished observations).

Smoking may be a marker

for negative health

behavior in predicting

outcome

Smoking is a relatively frequently examined predictor factor, especially in
relation to the outcome after spinal fusion. In some studies it has been shown to
have a negative impact on outcome whereas in many others it has had no effect
(Table 1). It has been suggested that tobacco use must be examined as a dose-
response relationship in order to reveal associations that can be obscured by
expressing it as a dichotomous variable (yes/no to a smoking habit) [51].

Fusion is inhibited

by nicotine

While the inhibitory effects of nicotine on fusion itself have been established
[2, 26], it is also possible that smoking may simply reflect other factors – such as
negative health behavior (low physical activity levels, alcohol use), lower educa-
tion/social level, manual job – and thereby act as a marker for these in determin-
ing outcome. Interestingly, even in a subgroup of patients with no signs of pseud-
arthrosis, smoking still predicted clinical outcome and return to work in patients
undergoing fusion [26].

Psychological Factors

Psychological factors are one of the mostly commonly investigated predictors of
surgical outcome, although their overall importance still remains equivocal and
may be dependent on the spinal disorder in question [11].

Some of the early studies carried out in the 1980s showed slight to moderate
associations between certain scales on the Minnesota Multiphasic Personality The MMPI was developed

for psychiatric disorders

and is less suited for spinal

disorders

Inventory (MMPI) (most commonly hypochondriasis, hysteria, depression, and
admission of symptoms scales) and outcome after disc surgery/fusion. These stud-
ies encouraged the development of scoring systems, that included MMPI mea-
sures, to assist in predicting surgical outcome from various baseline indicators [6,
75, 85]. In view of the various psychometric and practical problems associated
with use of the MMPI in pain patients [56], new or modified methods of assessing
psychological characteristics have been introduced, which focus primarily on the
measurement of depression, anxiety and/or heightened somatic awareness. More
recently, other psychological characteristics have become of interest as potential

Fear-avoidance beliefs

and workplace factors are

strong outcome predictors

predictor factors, such as coping strategies [6, 28], fear-avoidance beliefs (about
work and physical activity) [77] and various workplace psychological factors
(stress, satisfaction, “resigned” attitude, etc.) [73]. Overall, these have led to
mixed results, in terms of their ability to reliably predict outcome.

Using pain drawings and inappropriate signs, Greenough and coworkers [31,
32] reported in two retrospective studies that psychological distress was predic-
tive of a poor outcome after anterior fusion. Van Susante and coworkers [87] used
a “psychogenic back pain score” to examine prospectively the outcome after lum-
bosacral fusion of three types of patient group: organic, uncertain, and psycho-
genic. It was shown that the “organic” group had a much better outcome in
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terms of pain, disability and medication use than did the “psychogenic” group. In
patients undergoing discectomy, depression was found to be a significant predic-
tor of global outcome [50, 73] and return to work [73]. A recent prospective study
by Trief et al. [84] investigated the influence of baseline depression, state anxiety,
somatic anxiety and hostility on outcome after lumbar spine surgery [mostly

Distress is a significant

predictor of outcome

fusion (68%) and decompressive laminectomy (30%)]. In multivariate analyses,
the Distress and Risk Assessment Method (DRAM), which classifies patients as
either “normal”, “at-risk” of developing psychological problems, or “distressed”,
was found to be a significant predictor of outcome in terms of work status,
change in back pain and leg pain, and the “daily activities” and “work-leisure
activities” scales of the Dallas Pain index. Nonetheless, in each of these cases, the
psychological factors appeared to explain only a very small proportion of the
overall variance in outcome.

Junge et al. [45] found that certain aspects of pain behavior (search for social
support) were significantly associated with a poor global outcome in patients
undergoing disc surgery; although depression did not show a significant associa-
tion, there was a tendency for higher baseline values in patients with a poor out-
come and depression was therefore included in the pre-screening tool developed
by the group. In prospectively studying patients undergoing discectomy [42] or
fusion [83], two studies failed to reproduce the findings of Trief et al. [84], in that
DRAM scores were found to have no predictive power in relation to back func-
tion (Oswestry Disability Index). Similarly, neither depression [36] nor pain
drawings [37] were able to predict outcome (any domain) after fusion for chronic
LBP (Table 1). Greenough et al. [30] were also unable to reproduce their earlier
findings [31] in a later retrospective study on patients undergoing posterolateral
surgery. Notably, in all these studies, psychological disturbance was improved
after surgery in patients with a good outcome. No association between depres-
sion and outcome could be found in studies on spinal stenosis patients undergo-
ing decompression [48, 63].

In a large group of patients followed up 6 months after spinal surgery (for
mixed diagnoses), Staerkle et al. [77] showed that Fear Avoidance Beliefs were a
significant predictor of work loss in the preceding month, although the amount
of variance explained was extremely low.

Psychological factors often

predict outcome in patients

with chronic pain

It has been suggested that the poor results of surgery reported in psychologi-
cally disturbed patients may reflect intervention in patients who did not have
surgically remediable pathology [88], and this appears to have been verified by
the many recent studies of Carragee et al. (see [11]). This group has shown that
patients with acute and subacute sciatica in association with a clearly identifi-
able, severe disc herniation have a very high chance of dramatic and lasting
improvement with surgery and that standard psychometric tests in these patients
fail to predict outcome. Even severe emotional distress in patients coming to
early, appropriate surgical intervention did not correlate with adverse outcomes,
although the same psychometric profile in patients with chronic sciatic pain and
disability did predict worse outcomes compared with less emotionally distressed
patients with the same level of chronicity. It was concluded that, with prolonged
pain and emotional distress, adverse and possibly self-perpetuating psychologi-
cal and social changes may significantly decrease the impact of disc surgery [11].

Psychological treatment

before and after surgery

may improve outcomes

in distressed patients

All in all, and in view of the conflicting evidence, it would not appear prudent
to recommend that patients be denied surgery simply on the basis of their preop-
erative psychological status. Nonetheless, it may be a useful strategy to identify
patients with long-lasting symptoms and a high level of distress who might ben-
efit from an additional psychological treatment, before and/or accompanying
surgical treatment; decreased levels of distress may then increase the impact of
surgical treatment.
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Sociological Factors

Low social functioning (as measured with quality of life instruments) was identi-
fied as a significant negative predictor of reoperation rate in a retrospective study
on fusion patients [27], and of global outcome, pain, and quality of life in a mixed

Low education and income

level are negative outcome

predictors

group of spine-surgery patients [78]. In some studies, a low education level and/
or low income have been shown to predict a negative surgical outcome in terms
of either the total costs associated with workers’ compensation [15], return to
work [91] or global outcome/function [45, 54, 90]. It has been suggested that
because individuals with a better education, a higher income, and at a higher
level on the job ladder tend to have greater responsibilities, personal investment
may override the discomfort caused by any residual postoperative symptoms and
encourage a return to work [47].

Family reinforcement of

pain behavior negatively

influences outcome

Social support from the spouse [73], search for social support (as a pain
behavior) [45] and family reinforcement of pain [6] have all been associated with
a more negative outcome after surgery. It is suggested that this kind of “support”
– in which relatives take over the patient’s jobs or responsibilities, encourage rest
and provide more attention when the pain appears greatest [22] – serves to rein-
force the illness status and thereby encourages the adoption of “passive” behav-
ior [22, 73].

Work-Related Factors

Work-related predictors include such variables as worker’s compensation, dis-
ability pension, work status before surgery, duration of sick leave, and heaviness
of job.

The majority of studies that have examined the effect on outcome of the
involvement in disability pension claims or worker’s compensation issues have
confirmed that these have a negative impact on the result of surgery, especially in
relation to return to work or “global outcomes” (Table 1) [16, 20, 31, 32, 51, 53,
86]. In one large high quality study, however, workers’ compensation showed no
effect on outcome in multivariate models [36]. The authors suggested that the
strength of such an association may in part depend on the social insurance sys-
tem in the given country [36]. One large retrospective study showed that while
compensation status was predictive of the 2-year outcome after fusion, it no lon-
ger had any influence (in terms of back-specific function scores) after 10 years
[69].

Lawyer involvement

in compensation claims

is predictive of a negative

outcome

Although rarely examined in prospective studies, retrospective studies have
shown that the involvement of a lawyer in compensation claims has a consistent
negative predictive value for various outcomes after spinal fusion [15, 16, 51].
Cynics may interpret this finding as evidence for the premeditated instruction to
magnify symptoms for the purposes of secondary gain; some studies have even
shown that lawyers may advise their clients how to respond to psychological
assessments in order to better their chances of success with their disability claims
(see discussion in [51]). Others have suggested that litigious patients experience
an increased somatic sensitivity to pain as a consequence of financial incentives
and social-contextual variables [22].

Long preoperative sick leave is a consistent negative predictor of return to
work [36, 68, 84] and of global outcome, overall satisfaction or back-specific
function [45, 74]. This highlights the importance of providing timely interven-
tion, once a clear-cut diagnosis that can be remedied by surgery has been made
(see later).

Job heaviness (physically strenuous work) has been examined as an indepen-
dent predictor in only a few studies, and the results appear to be somewhat con-
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Heavy manual work is a

negative outcome predictor

flicting: in one retrospective study on herniated disc patients, heavy manual
work was a negative predictor of overall outcome and postoperative work status
10 years after lumbar discectomy [54]. A prospective study of patients with
chronic degenerative low back pain revealed a similarly negative relationship in
relation to outcome measured with a combined global score [6], whereas a fur-
ther study on fusion patients [36] and two others on discectomy patients
showed no influence of heavy work on outcome [12, 90]. Intuitively, it may be
expected that, while work status may not necessarily govern the degree of pain
and disability reported after surgery, it may well influence an individual’s
chances of returning to a job requiring the performance of heavy manual
duties.

In patients undergoing lumbar disc surgery, job level was found to be a sig-
nificant predictor of combined global outcome [45]. An interesting study on
military personnel undergoing cervical disc surgery showed that both position
(rank) and duration of the individual’s military career (but not economic forms
of secondary gain, per se) were significant predictors of return to active duty
[47].

Occupational mental stress

and job-related resignation

are strongly correlated

with a poor outcome

Occupational mental stress and job-related resignation have been shown to
be negatively associated with return to work and postoperative pain relief/dis-
ability respectively [73]. Job-related resignation reflects a “resigned” attitude to
work-related troubles, job continuation despite dissatisfaction, the notion that
the current situation must be accepted because things might otherwise be worse,
and that expectations are limited as an employee [73]. The significance of the
impact of job satisfaction on return to work is well documented in the back-pain
literature [14, 18].

Risk Factor Assessment in Clinical Practice

It is extremely difficult to identify unequivocal predictor factors that can be used
in clinical practice to accurately predict the outcome of surgery. Many risk factors
are contentious, or are at least very specific to the patient profile, the diagnosis,
the surgical technique and the length and type of follow-up. These factors appear

Preoperative assessment

of outcome predictors

in a clinical practice setting

is a challenge

to play such a decisive role that it becomes almost impossible to provide a simple
recipe for predicting the outcome of surgery with any certainty on an individual
basis. Furthermore, a lack of adequate resources and support often makes it diffi-
cult for the clinician to perform a systematic and comprehensive assessment of
all the factors that might influence outcome [29]. Many of the questionnaires nec-
essary for assessing psychological and work-related factors are long, have com-
plicated scoring schemes with poorly defined cut-offs for indicating risk, and are
not all available in languages other than English (see Elfering and Mannion,
Chapter 6 [21]). Some simple predictor models or screening tools have been
developed [6, 36, 45, 75], but few [46] have been investigated in a different patient
group or under conditions that differ from those in which they were originally
developed, limiting their applicability for general use. Moreover, the proportion
of variance in outcome explained by even a combination of the strongest predic-
tors is usually relatively low, suggesting that we have a long way to go before being
able to rest easily having withheld surgical treatment on the basis of unfavorable
baseline characteristics.

The knowledge of the role

of the various predictors

is important when advising

patients for surgery

In reality, the best that science can offer is a series of factors that can be consid-
ered to “influence” (rather than predict) the outcome of surgery, which should be
considered together with the patient’s diagnosis, the proposed operative tech-
nique and the characteristics of the patient, in order to discuss with the patient
reasons that might cause his or her outcome to deviate from “optimal” (Table 2).
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Table 2. Generally consistent predictors of poor outcome (see also Table 1 for more details)

Medical factors
) severity of pathology on MRI (for disc herniation only)
) long duration of symptoms
) comorbidity/other joint problems/poor general health
) unclear indication

Biological and demographic factors
) none

Health behavioral and lifestyle factors
) smoking (especially for fusion)

Psychological factors
) psychological distress (e.g. depression, anxiety), especially in patients with chronic pain

Sociological factors
) family reinforcement of pain, especially in patients with chronic pain

Work-related factors
) job dissatisfaction/resignation
) worker’s compensation
) long-term sick-leave/work disability

This is of utmost importance in elective surgery. The opportunity (time),
encouragement (education and positive messages), support and resources (refer-
ral to appropriate supporting services) to modify risk factors that are indeed
modifiable can be offered, and realistic expectations can be discussed with the
patient before the decision to operate is made. Such approaches have already
proven worthwhile, with respect to such factors as smoking cessation prior to
fusion surgery [26]. Since clear risk factors for a poor work-related outcome are

It is important to keep

the individual in the

workforce despite symptoms

long-term sick-leave/receipt of disability benefit, every effort should be made to
keep the individual in the workforce despite ongoing symptoms and plans for
surgery. In patients with a particularly heavy job, consultation with occupational
physicians to implement ergonomic change, or provide job re-training to allow
lighter duties, might later ease the way back into the workplace. Especially
patients with a degenerative condition, and/or concomitant systemic or joint dis-
ease, should be counselled that their condition is unlikely to return to normal
and that only a small percentage of them will have complete pain relief or a com-
plete return to premorbid function. Patients with long-lasting symptoms and a
high level of distress may benefit from an additional psychological treatment,
before and/or accompanying the surgical treatment.

These modifications, per se, might ultimately result in a greater satisfaction
with surgery. Most spinal surgery is carried out for disorders that are not life-
threatening, and while time may be of the essence for disorders with a very clear-
cut diagnosis [66, 68, 72], there are also many that do not require immediate sur-
gical treatment. This is not to suggest that a simple wait and see policy be adopted
without further intervention: instead, active measures to minimize risk factors
should be taken in order to best prepare the patient for a potential future surgical
procedure, and evidence-based conservative treatments should be persevered
with in the meantime. Recent studies suggest that many of the latter are as good
as surgery for some of the more contentious indications (e.g. chronic LBP due to
degenerative changes) commonly dealt with by spinal fusion [9, 23], and these
treatments may be worth considering as an alternative in patients for whom the
outcome of surgery is uncertain.
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Recapitulation

Epidemiology. Twenty to 40% of patients operat-
ed on for spinal disorders will have a poor result af-
ter spinal surgery, regardless of the apparent tech-
nical success of the operative procedure itself.

Outcome measures. The proportion of positive
outcomes after spinal surgery and the factors that
predict success depend to a large extent on the
manner in which outcome is determined. Outcome
is best assessed in terms of the core measures of
importance to the patient, such as symptoms, func-
tion, disability, quality of life, ability to work and sat-
isfaction. Clinically relevant changes have been de-
termined for many of the common outcome instru-
ments: for the Oswestry Disability Index, this is an
approximately 20 % reduction on the baseline
score; for 0 – 10 pain intensity VAS, it is around 2
points; for the Roland Disability Score, it is about 4
points; and for the multidimensional Core Mea-
sures (0 – 10 scale) it is around 3 points. Spine surgi-
cal registries deliver the best information on the rel-
ative success of different types of surgery: herniat-
ed disc generally proves most successful followed
by central stenosis, lateral stenosis, segmental pain,
and spondylolisthesis.

Predictors of outcome of spinal surgery. The stron-
gest evidence for predictors of outcome is obtained
from large-scale prospective studies in which multi-
variate analyses were used. Many methodological

factors influence the precise predictors identified
in any given study. The most commonly examined
predictors of surgical outcome can be loosely cate-
gorized into the following groups: medical factors,
biological and demographic factors, health behav-
ioral and lifestyle factors, psychological factors, so-
ciological factors, work-related factors

Medical factors. Of the medical factors, clinical

tests are poor predictors of outcome. The severity
of morphological alterations seen on MRI predicts
the outcome of surgery for herniated disc. The du-
ration of symptoms prior to the operation is a sig-
nificant predictor of poor outcome for various dif-
ferent diagnoses and types of outcome measure. A
number of studies show that poor general health,
in terms of other joint problems or systemic dis-
eases (comorbidity), has a significant negative in-
fluence on the outcome of spinal surgery. The
strength of the indication for surgery has an impor-
tant role to play in governing the likely outcome. In

contrast, the technical success of the operation it-
self (e.g. the achievement of solid fusion after ar-
throdesis, the extent of decompression of a stenot-
ic segment) appears to be less critical.

Biological or demographic variables. None of
these variables has been shown to have a consis-
tent influence on outcome; where such an effect
has been observed, it is not clear whether these var-
iables are simply acting as markers for other closely
related but more powerful predictors.

Health behavioral and lifestyle factors have not
been well studied. Smoking is the most commonly
investigated variable. Studies have confirmed that
nicotine lowers the rate of fusion, but the finding
that smoking also predicts clinical outcome in pa-
tients with no pseudarthrosis suggests that it may
mediate its effects by reflecting various aspects of
“negative health behavior”.

Psychological factors are one of the most com-
monly investigated predictors of surgical outcome,
although their overall importance still remains
equivocal and may be dependent on the spinal dis-
order in question. The general consensus is that,
with prolonged pain and emotional distress, ad-
verse and possibly self-perpetuating psychological
and social changes may significantly decrease the
impact of surgery. It may be a useful strategy to
identify patients with long-lasting symptoms and a
high level of distress who would benefit from an ad-
ditional psychological treatment, before and/or ac-
companying surgical treatment.

Sociological factors. The sociological factors that
are most strongly related to outcome involve “inap-
propriate” social support from the family, i.e. the
kind of “support” that involves relatives taking over
the patient’s jobs or responsibilities, encouraging
rest and providing more attention when the pain
appears greatest.

Work-related predictors. Significant work-related
predictors include the receipt of worker’s compensa-

tion or a disability pension, work status before sur-
gery, durationof sick leave and lowworksatisfaction.

Risk factor assessment in clinical practice. In clini-
cal practice, it is extremely difficult to identify and
assess unequivocal risk factors that can be used to
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accurately predict the outcome of surgery. The
practical work involved is time-consuming and
resource-intensive, and the science is inexact.
There is insufficient evidence to exclude patients

from surgery on the grounds of specific risk fac-

tors. Nonetheless, in the presence of the factors

listed above, the case for elective surgery should be
considered very carefully, together with the
patient. Possibly, surgery should be delayed until
attempts have been made to modify risk factors
that are amenable to change and all possible con-
servative means of treatment have been exhausted.

Key Articles

Block AR, Gatchel RJ, Deardorff WW, Guyer RD (2003) The psychology of spine surgery.
American Psychological Association, Washington DC, pp 29–261
Gives a thorough overview of the means of assessment and the role of putative psycholog-
ical risk factors.

Boos N (Guest Editor) (2006) Outcome assessment and documentation. Eur Spine J 15:
Suppl 1, pp S1–S123
Contains a wealth of up-to-date information covering all aspects of outcome (methodol-
ogy, assessment in practice, prediction, evidence-based outcome, etc.) compiled by lead-
ing experts in the field.

Carragee EJ (2001) Psychological screening in the surgical treatment of lumbar disc her-
niation. Clin J Pain 17 3:215–219
This is an extremely well written review paper which clearly puts the role of psychological
risk factors and modern imaging (MRI) into perspective in relation to outcome after lum-
bar discectomy. Its key messages are also appropriate to other indications.

Deyo RA, Battie M, Beurskens AJHM, Bombardier C, Croft P, Koes B, Malmivaara A,
Roland M, Von Korff M, Waddell G (1998) Outcome measures for low back pain research.
A proposal for standardized use. Spine 23 18:2003–2013
This consensus paper comes from an international group of back pain experts and
reports their recommendations for the use of standardized measures in clinical outcomes
research. Since the identification of predictors of surgical success depends heavily on the
outcome measure used, it is important to be aware of the most relevant outcomes and
their means of assessment.

Hagg O, Fritzell P, Ekselius L, Nordwall A (2003) Predictors of outcome in fusion surgery
for chronic low back pain. A report from the Swedish Lumbar Spine Study. Eur Spine J
12 1:22–33
This is a large study from the Swedish Lumbar Spine Study Group reporting the predic-
tors identified in their randomized clinical trial of spinal fusion vs conservative treatment
in chronic LBP. It may be of additional interest to readers keen to learn about predictors
of outcome after non-surgical treatment. It also represents a good example of the appro-
priate statistical methods to use in predictor studies (with simple explanations of their
interpretation).

Schade V, Semmer N, Main CJ, Hora J, Boos N (1999) The impact of clinical, morphologi-
cal, psychosocial and work-related factors on the outcome of lumbar discectomy. Pain
80 1–2:239–249
A small study from the point of view of identifying predictors, but an excellent paper for
demonstrating the statistical methodology that should be applied in carrying out predic-
tor analysis.

Waddell G, Morris EW, Di Paola MP, Bircher M, Finlayson D (1986) A concept of illness
tested as an improved basis for surgical decisions in low-back disorders. Spine 11
7:712–719
This paper is a little older than those otherwise considered in this review, but it confronts
an extremely important aspect of decision-making in surgery and its message is still true
today. In describing the results of a large study to analyze how physical and psychological
factors interact to affect outcome, it emphasizes the importance of accurate diagnosis of
a surgically treatable lesion, and warns against the perils of letting inappropriate illness
behavior lead to inappropriate surgery.
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8
History and Physical Examination

Clément M.L. Werner, Norbert Boos

Core Messages

✔ Back pain is one of the most common causes
for a medical consultation

✔ Up to 85 % of individuals will experience back
pain at least once in their lifetime

✔ The high rate of benign back/neck pain
increases the risk of overlooking serious spinal
disorders

✔ Findings (red flags) suggesting serious pathol-
ogy are: features of cauda equina syndrome,
severe night pain, significant trauma, fever,
unexplained weight loss, history of cancer,
patient over 50 years of age, and use of intrave-
nous drugs or steroids

✔ Back pain getting worse during the night may
indicate a tumor or infection

✔ Tumors, discitis/spondylodiscitis, acute frac-
tures, relevant pareses, or conus/cauda equina
syndromes need immediate further diagnostic
work-up in a specialized spine unit

✔ Spinal disorders can be classified as specific
(with morphological correlates) vs. non-specific
(without structural findings)

✔ Central (axial) pain should be differentiated
from peripheral (radicular) pain

✔ The physical examination is facilitated when a
certain sequence of different examining posi-
tions are used, i.e. walking, standing, sitting,
lying supine, lying on the left/right side, lying
prone

✔ The most important aspects of the clinical
examination are the spinal balance and the
neurological assessment

✔ The sagittal profile (lordosis/kyphosis) varies to
a large extent

✔ In the flexed neck position, rotation of the
upper cervical spine and in the extended posi-
tion rotation of the lower cervical spine is
assessed

✔ The Lasègue test is positive if radicular leg pain
is provoked during lifting of the ipsilateral leg

✔ Abnormal illness behavior should caution one
to consider a spinal intervention

✔ The reproducibility of the patient’s history and
examination is limited

Epidemiology

Generally, spinal pain

is common, benign,

and self-limiting

Back and neck pain are a very common medical problem and a predominant
cause for visits and medical consultations [15]. The reported lifetime prevalence
of back pain ranges up to 84% [5] and that of neck pain to 67% [6]. Dorsal (tho-
racic) pain is much less frequent. The 1-year prevalence of dorsal pain was 17%
compared to 64% for neck and 67% for low-back pain in a Finnish study [25].
More than 90% of patients initially presenting with back pain can be managed
non-operatively with physical therapy and analgetic medication and will return
to an acceptable pain level within 3 weeks, and even to normal within 3 months
[10]. These figures indicate that spinal pain is a benign and self-limiting disorder
(see Chapter 6 ).

About 85% of patients can be classified as having non-specific back pain (see
Chapter 21 ), i.e. no morphological correlate can be detected which would satis-
factorily explain the pain [10, 30]. The diagnostic challenge in patients with spi-
nal disorders is a result of the very high rate of benign spinal pain which poses a
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Case Introduction

A 46-year-old male was referred for an imaging study of the lumbar spine and possible surgical treatment of an acute
foot drop. The clinical history revealed a sudden onset (about 6 h), paresis of the left foot (long extensors of the greater
toe and foot) with relevant muscle weakness (M1 – 2). However, the patient did not report any significant back pain and
only mild pain in the lower limb. An MRI investigation was prompted because of the sudden onset of the paresis. a The
sagittal T2 W image showed a minor disc protrusion (arrowhead) with contact to the nerve root L5 (arrow). b In the axial
view, only a small foraminal disc protrusion is seen without clear neural compromise. The MRI could not satisfactorily
explain the severe foot drop and the patient was reassessed clinically. c The patient was unable to extend his left foot
while sitting on the examination table. d However, he was able to lift his left leg in a right sided position indicating nor-
mal muscle force for the hip abductors (L5). This discrepancy was indicative of a peripheral paresis of the peroneal mus-
cles which was later documented by neurophysiology. Completion of the patient’s history revealed that he was kneeling
for several hours repairing a floor in his house the day before the onset of the foot drop.

Rule out specific causes

of spinal pain

great risk of overlooking a serious pathology. Therefore, the most important
aspect of the diagnostic work-up is to rule out:

) relevant paresis (<MRC Grade 3)
) bowel and bladder dysfunction
) tumor/metastasis
) infection
) inflammatory diseases
) occult (osteoporotic) fractures

A thorough and standardized clinical assessment allows for an effective triage
and further diagnostic work-up of patients with suspected specific causes of back
pain.
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History

History contributes most

to a clinical diagnosis

Due to the broad range of clinical entities that may present with back, dorsal and
neck pain, a systematic and logical approach, a skillful interpretation, and a care-
ful analysis of history data should be performed prior to the physical examina-
tion [8, 9]. In many cases a highly probable diagnosis can be made from the
patient’s history alone. Back and neck pain has a strong tendency to become
chronic (see Chapter 6 ). Therefore, a rapid, pathomorphology-oriented diag-
nostic work-up and initiation of treatment is mandatory.

The major goal of the clinical assessment is to differentiate:

) specific spinal disorders, i.e. with a pathomorphological correlate
) non-specific spinal disorders, i.e. without an evident pathomorphological

correlate

The diagnosis of

non-specific neck/back pain

is made by exclusion

In specific spinal disorders a pathomorphological (structural) correlate can be
found which is consistent with the clinical presentation. Accordingly, in non-spe-
cific spinal disorders no such correlate can be detected. It is obvious that patients
are classified in the latter group by exclusion. Unfortunately, the sources of
patients’ complaints remain unclear in the vast majority of cases (85–90%)
despite a thorough clinical and diagnostic work-up [30]. However, in the individ-
ual case it can be difficult to differentiate specific and non-specific disorders and
a final conclusion is only reached after a thorough further diagnostic work-up.

The most devastating failure of the clinical assessment is to overlook the pres-
ence of a tumor, infection, or a spinal compression syndrome. This can be
avoided in most cases, if the examiner considers possible specific causes during
history taking and physical examination. If suspicion is raised, the proper diag-
nostic work-up is prompted. The importance of this triage has led to the sugges-
tion of a so-called flag system (see Chapter 6 ). The red flags are of particular
relevance because they help to detect serious spinal disorders [1]:

features of cauda equina syndrome
severe and worsening pain (especially at night or when lying down)
significant trauma
fever
unexplained weight loss
history of cancer
patient over 50 years of age
use of intravenous drugs or steroids

Features of cauda equina syndrome include urinary retention, fecal inconti-
nence, widespread neurological symptoms and signs in the lower limb, including
gait abnormality, saddle area numbness and a lax anal sphincter [1]. A relevant
paresis can be defined as the inability of the patient to move the extremity against
gravity. It is particularly important to recognize a progressive weakness because
emergency exploration and treatment is necessary. It is always astonishing that
patients do not spontaneously report a disturbance of their bowel and bladder
function because they do not suspect a correlation with a spinal problem. Other
color (i.e. yellow, blue, black) flags indicate obstacles to recovery from an acute
episode (Chapters 6 , 21 ).

After red flags are explored, the clinical assessment focuses on the three major
complaints which lead the patients to seek medical advice:
) pain
) functional impairment
) spinal deformity
Of these three complaints, pain is by far the most common aspect.
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Pain

Although pain is the most common complaint in patients with spinal disorders,
our understanding of the pathophysiology of pain is still scarce. However, molec-
ular biology has recently unraveled some basic mechanisms of pain generation
and persistence which help to better understand patients presenting with spinal
pain (Chapter 5 is strongly recommended for further reading).

Differentiation of Pain

The most obvious differentiation of spinal pain syndromes is based on the region
of the pain, i.e.:

) neck pain
) dorsal pain
) low-back pain

More important than the regional differentiation is the distinction with regard to
pain radiation, i.e.:

) radicular pain
) referred pain
) axial pain

Radicular pain is a nerve mediated pain which follows a dermatomal distribu-
tion (Fig. 1). It can even occur without back or neck pain, e.g. in case of a disc her-
niation. A differential diagnosis of the segmental and peripheral innervation [11]
is obvious and mandatory (Fig. 2). Referred pain usually originates from the
back or neck but radiates into the extremities. It is musculoskeletal in origin and
rarely radiates below the elbow or knee. However, knowledge of the so-called
sclerotomes [7] is helpful in understanding otherwise unexplained musculoskel-
etal pain (Fig. 3). In the case of a L5 radiculopathy, for example, patients most fre-
quently experience pain in the greater trochanter region (L5 sclerotome). Axial
pain is defined as a locally confined pain in the axis of the spine without radia-
tion. In this context, the most important questions are (Table 1):

Table 1. Important triage questions

) How much of your pain is in your arm(s)/hand(s) and how much in your neck?

) How much of your pain is in your legs(s)/(foot, feet) and how much in your lower back?

Pain which is exclusively or predominantly in the arms/hands is indicative of a
radicular syndrome (disc herniation, spondylotic radiculopathy or myelopathy).
Pain which is exclusively or predominantly in the legs/feet indicates a radicular
syndrome (disc herniation, foraminal stenosis) or spinal claudication. A differ-
entiation of axial pain is less straightforward and it remains difficult to relate a
specific pathomorphological alteration to this pain.

Table 2. Pain descriptors

Sensory dimension Affective dimension

) throbbing ) hot-burning ) tiring-exhausting
) shooting ) aching ) sickening
) stabbing ) heavy ) fearful
) sharp ) tender ) punishing-cruel
) cramping ) splitting
) gnawing

According to Melzack [21]
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Figure 1. Segmental innervation of the skin

Pain can be further differentiated according to its character. Melzack [21] has
developed a questionnaire which distinguishes sensory and affective pain
descriptors (Table 2) which can be helpful in the assessment of the pain charac-
ter.
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Figure 2. Peripheral innervation of the skin
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Figure 3. Segmental innervation of the bones
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A classic differentiation of pain is often based on the temporal course, i.e.:

) acute – duration less than 1 month
) subacute – duration up to 3 months
) chronic – duration more than 3–6 months

Chronic pain is not simply

prolonged acute pain

However, as outlined in Chapter 5 , this differentiation is arbitrary and does not
reflect the underlying pathomechanism. Chronic pain is not simply a prolonged
acute pain but undergoes distinct alterations in the pain pathways.

Pain Intensity

Pain intensity

is best assessed with

a visual analogue scale

Based on the definition of the International Association for the Study of Pain
(IASP), pain is always subjective [16]. An objective assessment of pain intensity is
therefore very difficult. Today, visual analogue scales (VAS) have become a stan-
dard tool in assessing pain intensity. Pain intensity should routinely be assessed
with regard to outcome assessment of a future treatment (see Chapter 40 ).

Excruciating pain may

indicate neural compression

or severe instability

Pain intensity is rarely a guide to the underlying pathology. However, acute
excruciating pain should raise the suspicion of a neural compression or a severe
instability. Myelopathic or radicular pain can sometimes be so severe that it is
difficult to control it by analgesics.

Pain Onset

Slowly progressive pain

worsening during

the night is indicative

of tumor/infection

The onset of pain can be helpful in inferring the underlying pathology. It is rea-
sonable to explore whether the pain onset followed a specific incident or not:

) incident with immediate pain onset
) incident with delayed pain onset
) no incident, slowly progressive pain

It is most obvious in patients who sustained an injury (e.g. fall, motor vehicle
accident) which immediately initiated the pain. In these cases, a fracture or frac-
ture dislocation must be ruled out. Some elderly patients report a loud crack in
their back as the onset of pain which is indicative of an acute osteoporotic frac-
ture. Rear-end collision accidents typically result in a delayed pain onset (whip-
lash-associated disorders). More frequent and difficult to interpret is a situation
in which the patient has sustained a minor incident (e.g. lifting accident, uncom-
fortable movement) with delayed pain onset. An acute onset of back pain which

Slowly progressive pain

indicates degenerative

disorders, but do not

overlook tumor or infection

subsequently radiates into an extremity is indicative of a radiculopathy caused by
a disc herniation. The vast majority of patients with spinal disorders do not
report an incident but a slowly progressive pain and discomfort which initially is
unrecognized. In the case of a slowly progressive pain which worsens during the
night or rest, the examiner should suspect a tumor or infection.

Pain Modulators

The assessment of modulators of pain is helpful for the diagnosis of specific pain
syndromes and can guide the examiner to the underlying pathology. It is impor-
tant to stress that the significance of these pain modulators is often not based on
scientific evidence. Therefore, caution is prompted when interpreting pain mod-
ulating factors. The most helpful positional and activity modulators of spinal
pain are listed in Table 3.

Besides these positional and activity modulators of pain, the diurnal variation
is helpful in discriminating spinal pain syndromes (Table 4).
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Table 3. Positional and activity modulators of pain

Modulator Possible interpretation

forward bending ) increases pressure within the intervertebral disc
) relieves the facet joints
) widens the spinal canal

backward bending ) stresses the facet joints
) narrows the spinal canal

sideward bending ) increases pressure within the intervertebral disc

side rotation ) stresses the facet joints

sitting ) increases pressure within the intervertebral disc
) relieves claudication symptoms

standing ) stresses of the facet joints

rest ) improves pain related to segmental instability
) worsens tumor/infection related pain
) worsens arthritic facet joint pain

activity ) worsens pain related to segmental instability
) improves arthritic facet joint pain

walking uphill ) increases pressure within the intervertebral disc
) decreases claudication symptoms

walking downhill ) stresses the facet joints
) increases claudication symptoms

climbing stairs ) increases pressure in the disc

descending stairs ) stresses the facet joints

vibration (e.g. riding a train, driving
on uneven road)

) worsens pain related to segmental instability

walking ) initiates claudication symptoms
) worsens pain related to segmental instability

lying prone ) relieves claudication symptoms
) improves pain related to segmental instability

coughing, sneezing ) aggravates radicular pain
rotating the head (e.g. backwards

while driving)
) stresses the cervical facet joint

working above arm level ) stresses the cervical facet joint (extension)

Table 4. Diurnal pain variation

Pain modulator Possible interpretation

night pain ) tumor/infection related pain
) arthritic facet joint pain

early morning pain ) arthritic facet joint pain
) spondylarthropathy (ankylosing spondylitis)

pain relief after getting up ) arthritic facet joint pain

pain increase during the day ) pain related to segmental instability

Pain Medication

The assessment of the effect of medication on the pain is seldom indicative of the
underlying pathology. However, myelopathic and radicular pain can be very

Non-specific back pain does

not respond well to pain

medications

severe and require strong narcotics. In the rare cases of an osteoid osteoma, non-
steroidal anti-inflammatory drugs (NSAIDs) and particularly acetylsalicylate
relieves symptoms and therefore may be diagnostic. On the other hand, non-spe-
cific chronic back pain does not respond well to pain medication. The type and
frequency of pain medication should be noted as a future outcome parameter.
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Function

Assessment of the back/neck related function of the patient is important because
many patients with spinal disorders are severely limited [35, 37]. However, Moo-
ney outlined that the definition of the terms impairment, disability and handicap
is not so straightforward and is often overlapping [23]. Physical impairment is
an anatomical, physiological, or psychological abnormality leading to loss of
normal bodily ability while disability is the resulting diminished capacity for
everyday activities and gainful employment or the limitation of a patient’s per-
formance compared to a fit person of the same age and sex [23, 34]. Handicap can
be seen as a product of an interaction of a person with impairment and disability
and the environment [2] and thus resembles a loss or limitation of opportunities
to take part in community life on an equal level compared to healthy persons.

Functional limitations including activities of daily living should be assessed
with regard to:

) sitting (time)
) standing (time)
) self-care
) walking (distance, time)
) sleeping (time)
) weight lifting (maximum weight, position)
) driving
) reading
) working above head/shoulder level
) writing
) working with computer
) fine motor skills
) sex life
) social contacts (family, friends)
) work status

Functional impairment

is best assessed with

a standardized questionnaire

The functional impairment should best be assessed using a standardized ques-
tionnaire [12, 27], which allows for an evaluation of the treatment outcome (see
Chapter 40 ).

Spinal Deformity

The assessment of spinal deformities requires some specific additional informa-
tion from the patient (or parents). The patients should be explored with respect to:

) family history regarding spinal deformities
) course of pregnancy
) course of delivery
) developmental milestones (onset of walking, speaking, etc.)
) fine motor skills
) tendency to fall (clumsiness)
) onset of menses
) growth of beard
) growth spurt
) breaking of the voice
) evidence for metabolic or neuromuscular disorders
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Physical Examination

In contrast to major joints of the extremities, which allow a passive examination
even in the presence of severe painful pathology, the physical assessment of the
spine is often hampered by strong muscle spasm. The patient with a spinal disor-
der is usually in pain and the examination often aggravates this pain. The physi-

The examination should

be done using a distinct

succession of body positions

cal examination should therefore be as short and effective as possible. In concor-
dance with Fairbank and Hall [13], we suggest an algorithm which does not focus
on the classic examination approach (i.e. inspection, palpation, functional test-
ing) but on a succession of body positions which allow for a time-effective exami-
nation. The different examination positions consist of:

) walking
) standing
) sitting
) lying supine
) lying on the left/right side
) lying prone

The examination of the spine should include the whole spine and not only the
affected part(s) because the spine is an organ which extends from the occiput
down to the coccyx. Although as simple as it is obvious, it is important to stress
that patients should be examined undressed (down to their underwear). The
examination room should have enough space to allow free movement of the
patient and contain an examination table (Table 5).

Walking

The physical assessment begins as soon as the patient enters the examination
room with an inspection of the gait. It is noted whether the patient is able to
walk unsupported or with support (e.g. by an accompanying person, crutches,
or wheelchair). After the completion of history taking, the patient is asked to
walk back and forth in the room. Any causes of limping must be differentiated,
i.e.:

) pain
) muscle insufficiency

Differentiate the

cause of limping

) paralysis
) ankylosis
) leg length discrepancy

The patient should walk on their tiptoes (S1) and heels (L4, L5) to assess muscle
weakness in the lower limbs. Any evidence of atactic gait should be noted and
further explored (Rhomberg’s test, walking along a line; see Chapter 11 ).

Standing

Body height and weight should be assessed at least at the first clinical visit. For
follow-up examination of patients with spinal deformities the assessment of
body height (sitting and standing) is compulsory. The undressed patient should
be inspected for any presence of spinal stigmata such as café-au-lait spots (neu-
rofibromatosis), hairy patches (spina bifida occulta), and foot size differences
(tethered cord). Any scarring must be noted and particular attention should be
paid to previous spinal or thoracic surgery (putative secondary spinal defor-
mity).
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Table 5. Physical examination algorithm

Walking
Inspection for:
) limping (pain, muscle insufficiency, paresis, leg length discrepancy, ankylosis)
) weakness while walking on tiptoes (S1) and heels (L4, L5)
) difficulty walking along a line (atactic gait)

Standing
Assessment of:
) body height and weight

Inspection for:
) spinal stigmata
) sagittal and coronal spinal balance
) sagittal profile (hypo-/hyperkyphosis/lordosis)
) muscle atrophies
) level of shoulders
) waist asymmetries and pelvic rotation
) level of pelvis (in standing and flexed position)
) rib/lumbar hump (in standing and flexion)
) spinous process step-off

Functional testing of:
) finger floor distance/Schober and Ott test
) Trendelenburg test
) left/right side bending and rotation
) repetitive forward bending
) repetitive backward bending and rotation
) repetitive tiptoe standing (McNab’s test)
) repetitive stool climbing
) jumping on one leg

Sitting
Palpation of the cervical spine:
) spinous processes, facet joints, transverse process of C2, mastoid
) tender points in paraspinal muscle

Functional testing of cervical spine:
) chin-sternum distance
) active forward/backward bending, left/right side rotation (neutral position)
) active left/right side rotation in flexion
) active flexion/extension/side rotation against resistance
) passive motion testing
) Spurling’s test
) Roos and Adson’s tests

Neurological assessment of:
) sensory qualities (light touch, pin prick, proprioception)
) muscle force (M0 – 5)
) muscle tendon reflexes

Lying supine
Assessment of:
) muscle strength for foot extension, eversion, inversion and leg lifting
) pathological reflexes (Babinski group, Trömner, Hofmann, and abdominal reflexes)
) spasticity (arms/legs)
) Lhermitte’s sign
) straight leg raising test (Lasègue sign)
) hip mobility
) Patrick test, sacroiliac joint compression/distraction test
) peripheral pulses

Lying on left/right side
Assessment of:
) hip abduction force
) Mennell’s test (sacroiliac joint)
) perianal sensitivity and sphincter tonus

Lying prone
Palpation of:
) spinous processes, paravertebral muscles, posterior superior iliac spine
) femoral stretch test (reversed Lasègue sign)
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In the standing position, the most important aspects to observe are:

) coronal balance
) sagittal balance
) sagittal profile
) muscle atrophies

Search for sagittal

and coronal imbalance

While the diagnosis of a coronal imbalance is easy to make with the plumbline
deviated off the intergluteal groove, the assessment of the sagittal profile is not as
obvious. A normal sagittal balance is present if the plumbline runs from the
external acoustic meatus down to the acromion, greater trochanter, lateral con-
dyle of the knee and the lateral malleolus. More difficult is the definition of the
sagittal profile because of the high individual variability [3]. A thoracic kyphosis
of 20–60 degrees is usually regarded as normal [3]. The definition of normal
lumbar or cervical lordosis is even more controversial. The normal range in the
literature for cervical lordosis (C2–7) ranges from 20 to 35 degrees [14]. How-
ever, Grob et al. [14] did not find a significant difference between patients with
neck pain compared to healthy individuals with regard to the global curvature,
the segmental angles, or the incidence of straight-spine or kyphotic deformity. In
a recent study, the lumbar lordosis of young adult volunteers ranged from 26 to
76 degrees with an average of 46 degrees [31]. The sagittal profile should be noted

Sagittal disbalance is a

frequent cause of back pain

but the sagittal balance is more important (Fig. 4). In particular, an anterior
imbalance can only be compensated poorly. The spinal muscles must counteract
this imbalance and thereby fatigue, which often results in severe pain. It is impor-
tant to explore the sagittal imbalance in more detail and separate a global trunk
imbalance from a head protraction (anterior shifting of the cervical spine). The
anterior imbalance has a great impact because it increases the risk of progressive

A coronal dysbalance

can cause pain in idiopathic

scoliosis

thoracic kyphosis (e.g. in patients with multiple osteoporotic fractures). Simi-
larly, a severe double major scoliosis which is in balance is much less a clinical
problem than a decompensated moderate size thoracic curve.

The importance of a systematic inspection for muscle atrophies is self-evi-
dent. Furthermore, the presence of the following deformity relevant aspects
should be noted during inspection:

) shoulder and pelvis level
) pelvic rotation
) thoracic asymmetry
) waist asymmetry
) rib and lumbar hump (during standing and forward flexion)
) trunk shift (disc herniation)
) spinous process step-off (spondylolisthesis)

In the forward flexed position, any asymmetries of the back contour and leg
length discrepancy become more obvious. Rib hump and lumbar hump should
be assessed either in millimeters or degrees. Leg length discrepancy with consec-
utive imbalance of the pelvis can be leveled with a wooden board of known
height under the foot of the shorter leg to determine the amount.

The finger-floor distance

is independent

of lumbar mobility

The finger floor distance is not a measure of the mobility of the lumbar spine
but of the hips and limited by the hamstring muscles. Tight hamstrings in an ado-
lescent with a recent onset of back pain may indicate a spondylolysis/spondylo-
listhesis.

Sagittal spinal range of

motion can be assessed

with the Schober and Ott

tests

The range of lumbar motion can be assessed during forward flexion with the
so-called Schober test. A skin mark is made over the spinous process of S1 and
10 cm above. A normal lumbar range is present when the distance between the
upper and lower skin mark increases from 10 to over 15 cm (documented as 10/
15 cm) during forward flexion. The Ott test or thoracic Schober test is an equiva-
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Figure 4. Coronal and sagittal balance

a In the coronal plane the gravity line should fall in the rima ani and between both feet. b In the sagittal plane the gravity
originating from the external auditory canal should run along the acromion, greater trochanter, lateral knee condyle and
lateral malleolus.

lent test for thoracic spine mobility. A skin mark is made at the spinous process
of C7 and a second mark 30 cm below. The distance should range up to 38 cm
(documented as 30/38 cm). However, both reproducibility and diagnostic value
remain debatable. An important observation is to document an abnormal spinal
motion pattern when the patient becomes erect from the forward flexed position.
Some patients need the support of their hands on the thigh to straighten up
again. This may indicate an underlying segmental instability.

The motion of the lumbar spine is best tested with hands crossed behind the
neck (Fig. 5). The following movements should be tested:

) side bending
) side rotation
) backward bending
) backward bending with rotation

Repetitive motions

can provoke

typical symptoms

A precise and reproducible assessment is not possible. Therefore, we prefer to
semiquantitatively estimate how much these movements are limited (reduced by
a quarter, half, etc.). More important than the range of motion is the provocation
of symptoms. Side rotation and backward bending stresses more the facet joints,
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Figure 5. Physical assessments

a Lumbar spine: a left/right side rotation; b left/right side bending; c backward bending. Cervical spine: d left/right side
rotation; e left/right side bending; f backward bending. g Patrick test; h Mennel test; i Lasègue test
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while side and forward bending stresses more the intervertebral discs. Pain prov-
ocation during these movements may therefore be indicative of an underlying
pathology of these structures. Repetitive tests may be useful in this context. In
patients with disc herniation, side rotation and backward bending is likely to
increase the pain because this test narrows the lumbar foramen.

Repetitive testing

may disclose a subtle

muscle weakness

A global functional test of the motor force of the lower extremities is applied
when the patient is asked to jump on one leg. This ability excludes a relevant
paresis of the lower extremities because all muscle groups are activated. Patients
frequently present with only subtle motor weakness, which is often not detected

Repetitive tiptoe standing

can reveal a subtle

weakness

during routine examination. A subtle weakness of the gastrocnemius muscle (S1)
can be detected by standing on one leg with repetitive (e.g. 10 times on each side)
tiptoe standing (McNab’s test). A similar test for the quadriceps muscle (L3–4) is
repetitive stool climbing. A subtle weakness will present with an earlier fatigue.

Sitting

The cervical spine is best examined when the patient is sitting on an examination
table with their lower limbs and feet freely moving. In contrast to the lumbar
spine, palpation of bony landmarks is easier in the cervical spine. The examiner
should palpate:

) spinous processes C2–7
) transverse process of C1
) mastoid process
) facet joints

Always palpate where it is

most painful mainly for psy-

chological reasons

The palpation of the paravertebral muscles or osseous processus is seldom of
diagnostic value but reasonable from a psychological point of view. If the exam-
iner does not palpate the often painful muscles and provoke pain, the patient may
get the impression that they are not being thoroughly examined. Palpation must
include the supraclavicular fossae (enlarged lymph nodes, tumor, cervical rib)
and the anterior structures (including the thyroid gland).

Functional testing of the cervical spine begins with the measurement of the
chin sternum distance. This measure is useful to document the clinical course but
not so much as an objective parameter. The assessment of the mobility of the cer-
vical spine consists of:

) flexion/extension (chin-sternum distance: documentation, e.g. 2/18 cm)
) left/right rotation (normal: 60°–0–60°) in neutral position
) left/right rotation (normal: 30°–0–30°) in flexed position
) left/right rotation (normal: 40°–0–40°) in extended position
) left/side bedding (normal: 40°–0–40°)

Cervical spine motion is

examined with active and

passive motion and against

resistance

In flexion, rotation only occurs at the upper cervical spine because the facet joints
of the lower cervical spine are flexed and there the facet joint capsules are
stretched resisting rotation. In extension the upper cervical spine joints are
blocked only permitting rotation in the lower cervical spine. Differences in pain
provocation in the flexed and extended position may indicate the level of pathol-
ogy. In the case of limitation of active movements, the examination is repeated
with passive motion to differentiate between a soft (muscle, pain) and a hard
(bony) stop. Beside the assessment of the motion, the provocation of pain is rec-
ommended. This can be enhanced by examining the cervical spine against resis-
tance and stresses the intervertebral discs (flexion, side bending) or facet joints
(rotation, extension), respectively.

If a cervical radiculopathy is suspected, the following tests can be carried out
to provoke the patients’ radicular symptoms (Fig. 6):
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Figure 6. Provocation tests for cervical radicular pain

a Spurling’s test: continuous (30– 60 s) pressure is applied in different head positions (left/right side bending or rotation in
neutral position, flexion and extension). b Depending on the target level the different rotation positions further narrow the
spinal foramen and may elicit typical radicular pain. c Valsalva maneuver: this test may elicit pain by increasing the intradu-
ral pressure. d Shoulder depression test: this test stretches an affected nerve root and may cause radicular arm pain.

) Spurling’s test
) Valsalva maneuver
) shoulder depression test

Consider thoracic outlet

syndrome in the case

of arm pain

In the case of a potential differential diagnosis of thoracic outlet syndrome,
Adson’s and the Roos tests can be carried out. Adson’s test consists of hyperex-
tending the neck and turning the head to the affected side while holding breath.
The maneuver leads to a decrease of the radial pulse and tingling in the hand. The
Roos test is carried out with both arms 90 degrees abducted and externally
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rotated. The individual rapidly opens and closes the hand for 3 min. The test is
positive if the hand becomes pale or blue and the maneuver provokes the typical
symptoms.

A thorough neurological

examination is compulsory

The neurological assessment can be best performed with the patient either in
the supine or the seated position. We prefer the latter position because it allows
for a better testing of muscle force (e.g. shoulder abduction, hip flexion, knee
extension). A prerequisite for a thorough neurological assessment is a profound
knowledge of the dermatomal (Fig. 1) and peripheral (Fig. 2) skin innervation.
Multiple sensory qualities (heat–cold, pain, touch, pressure, static and dynamic
two-point discrimination, vibration sensation) can be distinguished. The most
important examinations are:

) light touch
) pin prick
) proprioception

Light touch can still be preserved in the presence of nerve root compression
when pin prick is already decreased (see Chapter 11 ). The cross-over innerva-
tion for pain is much less pronounced than for the sensory quality of light touch.
The assessment of proprioception (vibration) is important in the differential
diagnosis of radiculopathy and peripheral neuropathy. Each dermatome must be
systematically assessed in order to allow for a differential diagnosis of a radicular
vs. a peripheral neuropathy.

The assessment of each key muscle and tendon reflex (Table 6) can easily be
done in the seated position. A differential diagnosis of peripheral nerve palsies
is necessary and diagnosis can be done clinically in many cases (Fig. 7). How-
ever, the differential diagnosis can sometimes be very difficult and require

Table 6. Motor innervation and muscle tendon reflexes

Nerve
root

Muscle Reflex Differential diagnosis for peripheral neuropathy

C3/4 diaphragm deltoid reflex (inconsistent) phrenic nerve (tumor)
deltoid muscle

C5 deltoid muscle, biceps muscle biceps reflex axillary nerve
musculocutaneous nerve (normal innervation of
the brachioradialis muscle, normal sensation of
the thumb)

C6 biceps muscle extensor carpi
muscle

biceps reflex, brachioradial
reflex

musculocutaneous nerve

radial nerve

C7 triceps, wrist flexors, finger
extensors

triceps reflex median nerve (carpal tunnel syndrome, disturbed
sweat secretion)

C8 abductor digiti minimi muscle – ulnar nerve (sharp sensory deficit of the ulnar half
of the ring finger)

interossei muscles

L2 iliopsoas muscle (hip flexion) adductor reflex (inconsistent) obturator nerve

L3 quadriceps muscle patellar tendon reflex lateral cutaneous nerve (meralgia paresthetica –
normal motor function)

L4 tibialis anterior patellar tendon reflex femoral nerve (intact innervation of the saphe-
nous nerve)

L5 extensor hallucis longus mus-
cle, gluteus medial muscle

tibialis posterior reflex
(inconsistent)

peroneal nerve (intact hip abduction)

S1 peroneus brevis, triceps muscle Achilles tibial nerve (extensor hallucis longus weakness)
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Figure 7. Peripheral nerve palsies

a, b Radial nerve palsy: The patient is unable to extend a his wrist and b fingers in the metacarpophalangeal joints.
c Median nerve palsy: inability to close the hand to a fist to firmly grip a bottle and d to oppose the thumb and fingertips.
e Ulnar nerve palsy: hyperextension of the metacarpophalangeal joints of the ring and little finger indicates a paralysis
of the intrinsic muscles and f inability to adduct the thumb without flexion of the interphalangeal joints (Froment’s sign).
Note the autonomic regions of innervation for the respective nerves (darker color).

Table 7. Clinical motor strength grading

Motor grade Findings

5 full movement against full resistance
4 full movement against reduced resistance
3 full movement against gravity alone
2 full movement only if gravity eliminated
1 evidence of muscular contractions or fasciculations
0 no contractions or fasciculations

detailed neurological assessments and neurophysiological studies for further
differentiation (see Chapters 11 , 12 ). The muscle force should be assessed
according to a standardized protocol either following the guidelines of the Brit-
ish Medical Research Council (Table 7) or as modified by the ASIA Standards
(see Chapter 11 ).
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Lying Supine

In the supine position, the neurological examination can be completed with
regard to the assessment of:

) muscle strength [dorsiflexion of the foot (L4) and greater toe (L5)]
) muscle strength for inversion (L5) and eversion (S1) of the foot
) long tract signs (Babinski, Gordon, Oppenheimer, Rossolimo,

see Chapter 11 )
) abdominal reflexes (see Chapter 11 )
) presence of any spasticity of the lower extremities (see Chapter 11 )
) Lhermitte sign
) Straight leg raising test

Radicular pain provocation

is the key aspect

of the Lasègue sign

The Lhermitte sign is provoked by forceful flexion of the head. The test is positive
if the patient has a sensation of electrical shocks in the body and lower extremi-
ties. This sign is indicative of a severe spinal cord compression. There is a pleth-
ora of descriptions of the Lasègue sign (test). We regard the test as positive in the
presence of radicular leg pain. It is important to precisely ask the patient what
they are experiencing while the straight leg is raised. We always note the elevation
degree when radicular pain is experienced. Any other sensation than radicular
pain is not regarded as a true Lasègue sign and can be described as a pseudolasè-
gue sign. The latter sign does not exclude the presence of a radiculopathy but is
often caused by a severe muscle spasm. Most frequently, the patient is just experi-
encing tension in the popliteal fossa as a result of tight hamstrings. A cross-over
sign is present when the patient experiences radicular pain in the affected leg
while raising the contralateral leg and is highly predictive of a large median disc
herniation [18].

Do not overlook

a hip joint disorder

While the patient is in the supine position, the hips should be examined so as
not to overlook a hip pathology, which is frequent in elderly patients. The diag-
nosis of an affection of the sacroiliac joint is very difficult clinically because this
joint is not easily accessible. It is possible to compress or distract the sacroiliac
joint and provoke pain in the case of an affection. However, we can also use the
femur as a lever to move the sacroiliac joint. The so-called Patrick test is per-
formed by flexing the ipsilateral hip and knee and placing the external malleolus
of the ankle over the patella of the opposite leg. The examiner gently pushes the
ipsilateral knee down until a hard resistance is felt. At this point, the examiner
gives a short impulse on the ipsilateral knee, i.e. pushing it towards the examina-
tion table. The test is positive if the patient feels the usual buttock pain (Fig. 5).

The examination in the supine position is completed by assessing the arterial
pulses with regard to an important differential diagnosis of neurogenic claudica-
tion.

Lying on Left/Right Side

Hip abduction differentiates

L5 radiculopathy

and peroneal nerve palsy

The patient is asked to lie on their left and right side, respectively. In this posi-
tion, the hip abduction is tested with the lower knee flexed and the upper knee
extended. Normal hip abduction force (L5) in the presence of a foot drop is indic-
ative of a paresis of the peroneal nerve (Case Introduction).

In this position, a further test for sacroiliac joint affection can be done (Men-
nell test). The upper hip is extended and the knee flexed. The examiner places
one hand on the ipsilateral hip and with the other hand extends the hips gently
until a hard stop is felt. At this point the examiner gives a short impulse by pulling
the leg in more extension. The test is positive if the patient feels the usual buttock
pain.
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In the lateral position, the perianal sensitivity and sphincter tone can be tested to
rule out a cauda equina syndrome.

Lying Prone

The reversed Lasègue sign

is tested with the leg

extended

In this position, the reversed Lasègue sign or femoral stretch test can assess lum-
bar disc herniations at higher levels (L2–4). The test is positive if extension of the
straight leg is causing anterior thigh pain. It is important to perform the test with
the leg straight, because flexion of the knee stretches the quadriceps muscle,
which makes it difficult to separate neural and muscular pain.

Palpation is rarely diagnosticFinally, the spinous processes, paraspinal muscles and the posterior superior
iliac spine can be palpated. Although this examination seldom provides a clue for
the underlying pathology, it is psychologically important as outlined above.

Abnormal Illness Behavior

Positive Waddell signs

suggest non-organic causes

of symptoms

If there is some doubt regarding the severity or genuineness of the patient’s com-
plaints, not only the patient’s pain drawing [26] will show frank exaggeration or
non-anatomic pain patterns [38], but several tests might also be useful in this set-
ting. Waddell [36, 39] described five signs to help reveal functional overlay in
back pain patients.

) presence of widespread superficial tenderness
) pain on axial loading or simulated rotation
) postural differences in straight leg raising test
) regional non-anatomic sensory/motor disturbances
) overreaction (crying out, facial expression, sweating, collapsing)

Vertical compression on the head in the standing position is not translated to the
lumbar spine. When the patient is standing and presses their arms firmly against
the greater trochanters, the first 30 degrees of rotation occur in the hip joints.
Both tests therefore should not cause low-back pain unless psychological overlay
is present. Large differences (<20 degrees) of the straight leg raising test between
sitting and lying cannot be explained pathoanatomically and are indicative of
abnormal illness behavior.

Reproducibility

The reproducibility of

history and physical findings

is limited

It is important to note that findings during history taking and physical assess-
ment are hampered by a poor or only modest reproducibility. This has to be
borne in mind when using this data for outcome evaluation and scientific pro-
jects [4, 20, 24, 28, 32, 33, 40]. The reproducibility of history of having ever expe-
rienced back pain has been reported to be around 80% [4, 40]. The same has
been found for pain drawings made by patients [19]. Retrospective data obtained
by means of subjective patient statements should be handled with great caution.
With regard to physical signs, only a few studies have addressed the issue of
reproducibility [4, 20, 22, 24, 29]. McCombe found that reliable signs consisted of
measurements of lordosis and flexion range, determination of pain on flexion
and lateral bend, nearly all measurements associated with the straight leg raising
test, determination of pain location in the thigh and legs, and determination of
sensory changes in the leg [20].
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Differential Diagnosis of Spinal Pain Syndromes

The differential diagnosis of spinal disorders in general and low-back pain par-
ticularly is far reaching. The differential diagnosis of spinal pain syndromes
includes neoplasia, infection, inflammatory disease, as well as pelvic organ disor-
ders, and renal and gastrointestinal disorders. Jarvik and Deyo differentiate non-
mechanical spinal conditions and visceral disease (Table 8) from mechanical
low-back pain in the differential diagnosis of low-back pain [8, 17].

Table 8. Differential diagnosis of low-back pain

Non-mechanical spinal conditions (1%) Visceral disease (2%)

Neoplasia (0.7%)
) multiple myeloma
) metastatic carcinoma
) lymphoma and leukemia
) spinal cord tumors
) retroperitoneal tumors
) primary vertebral tumors

Infection (0.01%)
) osteomyelitis
) septic discitis
) paraspinous abscess
) epidural abscess

Inflammatory arthritis (0.3%)
) ankylosing spondylitis
) psoriatic spondylitis
) Reiter syndrome
) inflammatory bowel disease

Paget disease

Pelvic organ involvement
) prostatitis
) endometriosis
) chronic inflammatory disease
) chronic pelvic inflammatory disease

Renal involvement
) nephrolithiasis
) pyelonephritis
) perinephric abscess

Gastrointestinal involvement
) pancreatitis
) cholecystitis
) penetrating ulcer

Aortic aneurysm

Figures in parenthesis indicate estimated percentage of patients with these conditions among
all adult patients with signs and symptoms of low-back pain according to Jarvik and Deyo [17]

Recapitulation

History. The high rate of benign self-limiting low-
back and neck pain can disguise serious underlying
causes of spinal pain. The most important task of
the clinical assessment is to rule out serious illness

indicated by the so-called red flags, i.e., features of
cauda equina syndrome, severe worsening pain
(especially at night or when lying down), significant
trauma, fever, unexplained weight loss, history of
cancer, patient over 50 years of age, and use of in-
travenous drugs or steroids. Tumors and infections
must be ruled out. Furthermore, a relevant paresis

(motion of the extremity against gravity impossi-
ble) must be detected early and treated. After red
flags are ruled out, the clinical assessment focuses
on the three major complaints which lead patients
to seek medical help, i.e. pain, functional impair-
ment, and spinal deformity. The most important

differentiation of pain is the distribution between
central (back/neck) and peripheral pain (leg/arm).
Radicular pain must be distinguished from axial

(central) pain. Radicular pain is usually attributable
to a pathomorphological correlate. Pain intensity
should be assessed with a visual analogue scale.
The assessment of positional and activity modula-

tors of spinal pain is very helpful for further differ-
ential diagnosis of the pain syndrome. Physical im-
pairment should be differentiated from disability
and handicap. The history of patients with spinal

deformity should include the assessment of spinal
deformities requiring some specific additional in-
formation from the patient (or parents). The pa-
tients should be explored with respect to: family
history, course of pregnancy and delivery, develop-
mental milestones (onset of walking, speaking,
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etc.), fine motor skills, tendency to fall (clumsiness),
onset of menses, and evidence of metabolic or neu-
romuscular disorders.

Examination. The physical examination is per-
formed with the patient in different positions, i.e.
walking, standing, sitting, lying supine, lying on the
left/right side, lying prone. During walking the
presence of a limp, ataxia, and muscle force (walk-
ing on hips/tiptoes) is assessed. The most impor-
tant aspect for the examination in the standing

position is the assessment of the sagittal and coro-
nal balance. The sagittal profile (lordosis/kyphosis)
is largely variable. Finger floor distance is an assess-
ment of the hip flexion and muscle stretch. Repeti-
tive testing of a motion (tiptoe standing, stepping
up on a stool) may disclose a subtle muscle weak-
ness. In the seated position, the examination for
sensory deficits, muscle weaknesses and tendon
reflexes is facilitated. Similarly, the examination of
the cervical spine is best performed with the
patient in this position. Rotation in flexion exam-
ines the upper cervical spine and rotation in exten-
sion of the lower cervical spine. In the seated posi-
tion radicular provocation tests (Spurling’s test,
Valsalva maneuver, and shoulder depression test)

can be performed to provoke typical radicular pain.
In the supine position, the straight leg raising test
(Lasègue sign) is performed. The most important
read-out of this test is the provocation of radicular
pain, which is pathologically independent of the
degree of hip flexion. Elicited non-radicular pain
can be classified as a pseudolasègue sign. The
assessment of hip and sacroiliac joint function as
well as vascular status should not be forgotten. In
the left/right side position, assessment of the hip
abduction force is important for a differential diag-
nosis of L5 radiculopathy and peroneal nerve palsy.
In this position, the perianal sensitivity and sphinc-
ter tonus are best assessed. In the prone position,
the reversed Lasègue sign (for nerve root compro-
mise, L2 – 4) can be tested. The palpation of the dor-
sal and lumbar spine is hardly ever diagnostic but
should not be discarded for psychological reasons.
The assessment of abnormal illness behavior is
mandatory. In general, the reproducibility of history
taking and physical examination is limited. The dif-
ferential diagnosis of spinal pain syndromes
includes cancer, infection, inflammatory disease, as
well as pelvic organ disorders, and renal and gastro-
intestinal disorders.

Key Articles

Biering-Sorensen F, Hilden J (1984) Reproducibility of the history of low-back trouble.
Spine 9:280–6
This paper reports on the reproducibility of auto-anamnestic information concerning low
back trouble. The authors found that within a year, only 84% of people recall ever having
had back pain, which the authors explained by forgetfulness. They made the statement that
data obtained by means of subjective statements should be handled with caution.

Deyo RA, Rainville J, Kent DL (1992) What can the history and physical examination tell
us about low back pain? JAMA 268:760–5
Excellent overview article on important findings during history taking and physical
assessment.

Vroomen PC, de Krom MC, Wilmink JT, Kester AD, Knottnerus JA (2002) Diagnostic
value of history and physical examination in patients suspected of lumbosacral nerve
root compression. J Neurol Neurosurg Psychiatry 72:630–4
This paper deals with patient characteristics, symptoms, and examination findings in the
clinical diagnosis of lumbosacral nerve root compression. Various clinical findings were
found to be associated with nerve root compression on MR imaging, i.e. the tests tended
to have a lower sensitivity and specificity than previously reported. The straight leg raise
test was not predictive. Most of the diagnostic information revealed by physical examina-
tion findings had already been revealed by the history items.

Spratt KF, Lehmann TR, Weinstein JN, Sayre HA (1990) A new approach to the low-back
physical examination. Behavioral assessment of mechanical signs. Spine 15:96–102
This study systematically explores the test-retest reliability, a low-back physical examina-
tion tool. Patients’ reports of pain location were quite stable across time but reports of
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pain aggravation were generally less consistent across time than were later observed pain
behaviors.

Waddell G, McCulloch JA, Kummel E, Venner RM (1980) Nonorganic physical signs in
low-back pain. Spine 5:117–25
Landmark article on the clinical significance of non-organic signs in low-back pain.
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9
Imaging Studies

Marius R. Schmid, Jürg Hodler

Core Messages

✔ Standard radiographs obtained with the
patient in the upright position represent the
basis of imaging

✔ In standard radiography, the role of special
views is decreasing because CT and MR imag-
ing more easily provide relevant additional
information

✔ MR imaging is the most commonly used
advanced imaging method and is the method
of choice in suspected disc abnormalities,
tumors, infection, abnormalities of the spinal
cord and other abnormalities

✔ MR imaging may occasionally be misleading
because it demonstrates findings that are also
found in asymptomatic individuals and – there-
fore – may not be clinically relevant

✔ Intravenous contrast administration is useful in
MR imaging of infection, systemic inflamma-
tion, neoplasm, and vascular malformation and
in postoperative imaging

✔ Advances can still be expected in MR imaging
including fast whole-spine imaging, improved
spatial resolution, spectroscopy, and functional
imaging of the spinal cord

✔ CT retains an important role in assessment of
trauma but may not reliably demonstrate disco-
ligamentous injuries

✔ Ultrasonography has a limited role in imaging
of the spine but may occasionally be indicated,
such as for demonstration of paravertebral soft
tissue abnormalities, vessels adjacent to the
spine and for image guided interventions

✔ Bone scans are still useful for the assessment of
bone abnormalities (activity of disease, staging
for widespread disease, follow-up studies). The
role of PET, PET-CT and SPECT-CT remains to be
determined

Imaging Methods

Standard Radiographs

Digital systems can reduce

radiation dose and retakes

Standard radiographs still represent the basis of spinal imaging. They can be
obtained with a number of techniques: Conventional film/screen combination is
an analogue technique which is still widely used in small hospitals and practi-
tioners’ offices. Most radiology institutions, however, use digital systems, i.e.,

) computed radiology (CR) systems or
) digital radiography (DR) systems

CR systems are based on phosphor plates which are sensitive to X-ray beams.
They are placed in cassettes which are similar in design and size to the cassettes
used for the old film-screen systems. After exposure, the cassette is transferred to
a digitizer which reads the latent information contained within the phosphor
plate and provides a digital image in the widely used DICOM 3 format (DICOM
stands for Digital Imaging and Communications in Medicine). DICOM standard-
izes the handling, storing and transmitting the information of medical images.

Patient Assessment Section 227



DICOM images can be printed on hard copies or paper, or they can be distributed
by a digital PACS (Picture Archiving and Communication System).

Digital systems are

becoming the new standard

DR systems use flat panel detectors, which replace the cassettes used in film-
screen and CR systems. They can be placed on existing classical radiographic
tables, may be mounted on dedicated equipment or are available as portable
devices. They directly acquire a digital image of high resolution after exposure.
The image appears on a screen installed in the examination room and is visible
within a few seconds while the patient is still available in the room for any repeat
exposures. The images can then directly be sent to a PACS system, or alternatively
they can be printed on film or paper. Because no cassettes have to be transferred,
this system is much faster than film-screen or CR equipment. Similarly to CR, DR
is less sensitive with regard to exposure errors than film-screen systems.
Although the originally expected reduction in X-ray exposure has not been
completely achieved, the digital systems allow some reduction of dose and reduce
the number of repeat examinations.

Patient positioning, beam angulation, film-focus and object-film distances are
identical for all three methods.

Lumbar Spine

Standard radiographs

(anteroposterior, lateral)

remain the basic

imaging studies

Upright anteroposterior and lateral radiographs represent the basis of imaging of
the lumbar spine. Film-focus distance typically is 115 cm for over-couch tubes
with grid tables and 150 cm for vertical stands. The beam is centered 2 cm above
the iliac crest. Additional radiographs are not routinely acquired because they
have been replaced by magnetic resonance (MR) imaging or computed tomogra-
phy (CT). The so-called Barsony projection has not been consistently described
but typically consists of a radiograph centered at the sacrum (with a 15° to 20°
caudocranial angulation of the beam (in order to be approximately perpendicu-
lar to the sacrum and sacroiliac joints). Anteroposterior oblique radiographs
with the entire patient rotated by 45° to both sides used to be employed for the
demonstration of spondylolysis but are at least in part replaced by CT (“reversed
angle” technique or sagittal reformatted images from thin sectioned axial source
images). MR imaging may also be used for this purpose.

Positional radiographs

do not reliably demonstrate

spinal instability

Positional radiographs are typically obtained in the lateral projection with
the spine in flexion and extension. For flexion radiographs, the patient is asked to
bend forward with the pelvis in the center or slightly posterior to the center of the
cassette. For extension radiographs, a back support is useful in order to allow the
patient to lean backwards. The pelvis is located slightly anterior to the center of
the film in extension radiographs. Lateral bending anteroposterior views are less
commonly employed but may be useful for certain indications such as surgical
planning in scoliosis. The role of positional radiographs in assessing instability
has been debated due to a lack of consistent criteria for this diagnosis.

Thoracic Spine

In the thoracic spine, anteroposterior and lateral radiographs are most com-
monly employed. They are centered at the middle of the thoracic spine with the
superior border of the image at C7 level. Such radiographs are obtained with the
patient in the upright position if possible. Deep inspiration during exposure of
the lateral projection is recommended in order to render the density of the chest
more even. Anteroposterior radiographs are exposed in expiration. If additional

Imaging the thoracolumbar

junction often requires

a centered image

imaging is required, radiographs centered at the thoracolumbar transition may
be helpful. For the lateral view of the thoracolumbar transition, expiration is rec-
ommended.
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Cervical Spine

Specialized views can be

diagnostic for cervical spine

As for the other radiographs of the spine, anteroposterior and lateral images are
typically employed. For lateral radiographs, weights (up to 10 kg on each side)
may be placed in each hand of the patient in order to move the shoulders down-
wards. Shoulder soft tissue overlap is most pronounced in heavy patients. The
lateral swimmer’s view with the shoulders rotated out of the X-ray beam may

The swimmer’s view

demonstrates the

cervicothoracic junction

assist in the assessment of the cervicothoracic spine. This view is of importance
in the evaluation of a traumatized patient in whom the cervicothoracic junction
cannot be visualized by conventional views and in cases for which CT is not read-
ily available. Anteroposterior oblique images better demonstrate the interverte-
bral foramina and sometimes the facet joints. Anteroposterior transbuccal
radiographs centered at the odontoid process are included in many standard
imaging protocols at least after trauma and in patients with rheumatoid arthritis.
Lateral positional radiographs are commonly obtained in flexion and extension
in order to assess atlantodental instability.

Whole Spine Radiographs

Whole spine and lateral

bending radiographs are

associated with a relatively

high radiation dose

Whole spine radiographs are mainly employed for the diagnosis, follow-up and
surgical planning of spinal deformity, particularly scoliosis. They are typically
obtained with a film-focus distance of at least 2 m. This distance may be
increased to up to 3 m. Radiation doses for this type of radiograph are relatively
high with a mean effective dose of between 0.23 and 1.09 mSv per radiograph
[16]. A lower effective dose for the anteroposterior view compared to the lateral
view and a lower effective dose in male patients has been demonstrated [16]. The
posteroanterior exposure supposedly results in a smaller dose to the sensitive
breast tissue than an anteroposterior exposure.

Lateral bending films are

helpful in the assessment

of scoliotic curve rigidity

Lateral bending radiographs may be required for assessment of stiffness of
the scoliotic spine. For comparison, mean effective doses for cervical spine radio-
graphs are 0.18 mSv (anteroposterior) and 0.27 mSv (lateral); for thoracic spine
radiographs they are 0.51 mSv (anteroposterior) and 0.80 mSv (lateral); and for
lumbar spine radiographs they are 0.77 mSv (anteroposterior) and 1.7 mSv (lat-
eral), respectively [43].

Magnetic Resonance Imaging

MR Systems

3T scanners have several

advantages including

potentially superior image

quality

MR imaging is the second most commonly employed imaging method in assess-
ing spinal disorders. In Europe and the United States, 1.5-Tesla scanners with
tunnel-shaped, superconducting magnets are typically employed. Mid-field
scanners with field strengths of 0.5 and 1.0 T are less commonly offered by the
major manufacturers. On the other hand, high field scanners with 3.0 T or higher
field strengths are increasingly being installed. A higher field strength has the
advantage of a higher spatial resolution, a better signal-to-noise ratio and a
shorter acquisition time. It is also advantageous in specialized imaging, includ-

3T scanners have the

disadvantage of increased

susceptibility and flow

artifacts

ing MR angiography, and functional imaging of the spinal cord. Disadvantages
include increased susceptibility and flow artifacts. Susceptibility artifacts relate
to local disturbances of the magnetic field and are more pronounced in high field
scanners. They are most commonly encountered after surgery with metallic
implants. Flow artifacts may be prominent in the vicinity of large vessels. Addi-
tionally, patients in high field units are exposed to higher energy deposition
(SAR: specific absorption rate). In order not to exceed acceptable SAR values,

Imaging Studies Chapter 9 229



sequence parameters may have to be adapted, which may offset the physically
possible shorter acquisition time [35].

Open MR systems allow

claustrophobic patients

to be imaged

So-called open MR systems, usually based on permanent magnets, have rela-
tively low field strength with typical values of 0.2–0.6 T, although lower and
higher values are available. These magnets are open in the sense that the patients
are not lying in a closed tunnel but rather between two horizontal plates which
leave space on both sides of the patient as well as in the cranial and caudal direc-
tion. The plate on top may be closer to the patient, however, than the top of the
tunnel-like magnets. Permanent magnet systems are generally less expensive to
purchase and operate than superconducting magnets but have disadvantages.
Image quality and selection of specialized sequences tend to be inferior to those
with mid to high field scanners. In addition, the magnet weight in such systems
is higher than for superconducting systems, and open MR units are more suscep-
tible to external sources influencing the magnetic field such as tramways and
suburban trains.

For adequate imaging,

dedicated coils have to

be employed for detection

of MR signals

For adequate imaging of the spine, dedicated coils have to be employed for
detection of MR signals. A number of different designs are available which are
placed underneath the body. With increasing distance from these surface coils,
signal and image quality decrease. Therefore, these standard coils may not be
sufficient for homogeneous images. Advanced designs which include both a dor-
sal and a ventral element adapted to the body form are sometimes necessary and
are routinely used for examinations of the cervical spine.

MR Protocol for Spinal Imaging

Various imaging protocols are used depending on the institution and the scanner
type. No general recommendation can be given. However, the imaging parame-
ters used at our center are given in Table 1.

Table 1. MR imaging parameters

Sequence Slice
(mm)

TR (ms) TE
(ms)

Flip
angle

Matrix FOV (mm) ETL NEX Time
(min:s)

Cervical spine
T1 sagittal TSE 4 300 – 600 <20 – 384 × 384 220 – 360 3 2 2:53
T2 sagittal TSE 2.5 3 500 – 6 000 >100 – 512 × 512 220 – 360 23 2 3:41
T2* axial GE 2 9.3 4.7 70° 512 × 512 180 – 1 2:50

Ci3d

Thoracic and lumbar spine
T1 sagittal TSE 4 300 – 600 <20 – 384 × 384 220 – 360 3 3 4:02
T2 sagittal TSE 4 3 500 – 6 000 >100 – 512 × 512 220 – 360 21 2 3:12
T2 axial TSE 4 3 500 – 6 000 >100 – 512 × 512 220 15 2 3:32
STIR sagittal TSE 4 3 800 TE 79 – 256 × 256 220 – 360 9 1 3:42

TI 170

Sacroiliac joint
T1 coronal TSE 4 450 12 – 512 × 512 280 3 2 2:37
STIR coronal TSE 4 4 950 69 – 256 × 256 280 9 1 4:23
T1 axial fs. Gd. TSE 5 570 10 – 384 × 384 250 3 2 3:44
STIR sagittal TSE 4 3 500 TR 70 - 384 × 384 360 9 1 3:14

TI 150

The above sequences are the routine spine MR protocols of Balgrist University Hospital, Zürich, Switzerland, acquired with a
1.5T MR unit (Avanto, Siemens, Medical Solutions, Erlangen, Germany)
TSE = turbo spin-echo, GE = gradient-echo, Ci3d = 3D CISS sequence, Me2d = 2D MEDIC sequence, STIR = short tau inversion-
recovery, TR = repetition time, TE = echo time, TI = inversion time, FOV = field of view, ETL = echo train length, NEX = number
of excitations, fs. = fat saturated, Gd. = after i.v. injection of MR contrast agent (gadolinium)
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Routinely Used MR Sequences for the Assessment of the Spine

Standard MR sequences

are sufficient for most

indications

Standard T1 (weighted = W) and T2 W spin-echo sequences are the basis of
imaging in the spine (Fig. 1). T1 W and T2 W sagittal sequences, as well as axial
T2 W sequences, provide a basis for the MR imaging of all spine regions. Some
surgeons and radiologists prefer axial T1 W images, which render the dural sac
relatively hypointense and the epidural fat hyperintense. In most cases, this pro-
tocol (two sagittal sequences and one axial sequence) is sufficient to make all the
relevant diagnoses.

a b c

d e

Figure 1. Normal lumbar MR anatomy

a, b Midsagittal T2 W (W = weighted) and T1 W, c parasagittal T1 W, and d axial T2 W MR images of a normal lumbar spine.
a, b In non-degenerated discs, the structure of the disc is homogeneous in T2 W images, with a bright hyperintense white
signal intensity and a normal disc height. c Parasagittal T1 W image through the intervertebral foramen shows lumbar
nerve isointense (curved arrows point to L3, L4 and S1 nerve roots) and hyperintense perineural fat tissue. d Axial T2 W
images at the level of the intervertebral disc L5/S1 and e of the pedicles of S1 (white arrowheads) show nerve roots L5
(curved arrows) and S1 (straight black arrows). Caused by chemical shift artifact, the dura can be seen more clearly on the
left side while the border between the dural sac and epidural fat on the right is less distinct anteriorly. In a normal facet
joint (straight white arrows) cartilage should be seen as a bright thin line with adjacent dark thin and regular subchondral
cortical bone.
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T2 W images best demonstrate:

) disc degeneration [30] (Fig. 2)
) annular tears [39] (Fig. 3)
) disc herniation [22] (Fig. 4)
) intraspinal tumors (Fig. 5)

a

Grade I: Normal adolescent disc. The struc-
ture of the disc is homogeneous with a
bright hyperintense signal intensity of the
nucleus and normal disc height.

b

Grade II: Normal adult disc. The structure of
the disc is inhomogeneous, with a hyperin-
tense white signal. The distinction between
nucleus and anulus is clear, and the disc
height is normal, with or without horizontal
gray bands.

c

Grade III: The structure of the disc is inhomo-
geneous, with an intermediate gray signal
intensity. The distinction between nucleus
and anulus is unclear, and the disc height is
normal or slightly decreased.

d

Grade IV: The structure of the disc is inhomo-
geneous, with a hypointense dark gray sig-
nal intensity. The distinction between
nucleus and anulus is lost, and the disc
height is normal or moderately decreased.

e

Grade V: The structure of the disc is inhomo-
geneous, with a hypointense black signal
intensity. The distinction between nucleus
and anulus is lost, and the disc space is col-
lapsed.

Figure 2. Grading of
disc degeneration

The grading is performed
on T2 W midsagittal fast
spin-echo images accord-
ing to Pfirrmann et al. [29].
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a b

Figure 3. Annular
tear

a Sagittal and b axial
T2-weighted MR images
show the high intensity
zone (annular tear) of the
L5/S1 disc (straight arrow).
Disc protrusion is shown
in the L4/5 segment
(curved arrow).

a b

c d

Figure 4. Disc
protrusion and
extrusion

a, b Disc protrusion. Sagit-
tal T2 W MR image shows
disc protrusions in the
L3/4, L4/5, and L5/S1 seg-
ments (arrows) with con-
tact to the L4, L5, and S1
nerve roots (arrowheads).
The axial T2 W MR image
shows diffuse protrusion
of the L4/5 disc (arrows)
with contact to the L5
nerve roots (arrowheads).
c, d Disc extrusion. Sagit-
tal T2 W and axial T2 W
images in a different pa-
tient show disc extrusion
(arrows) with compression
of the L5 nerve root (arrow-
heads) between the L4/5
disc and the ligamentum
flavum.
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a b

c d e

Figure 5. Intraspinal tumor

a Sagittal T1 W, b T2 W and c axial T1 W, d T2 W, and e contrast enhanced T1 W fat suppressed images. There is a contrast
enhancing epidural mass (arrowheads) arising from the subperiosteal bone of the lamina of L2 with impression of the
dural sac. T1 W image shows fatty degeneration (straight black arrows) of the adjacent multifidus and longissimus mus-
cles. There is a bone marrow signal change in the joint facet with hyperintensity in T2 and contrast enhancement in T1
(curved arrow). The imaging findings are suggestive of an osteoblastoma.

T1 W sequences are important to show:

) fat, e.g., within vertebral body hemangiomas or for detection of epidural fat
(Fig. 6)
) acute bleeding (Fig. 7)
) endplate changes [23] (Fig. 8)
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a b

c

Figure 6. Epidural lipomatosis

a Sagittal T1-weighted, b sagittal T2 W, and c axial T2 W images (at the L4/5 level) demonstrate an increased amount of
epidural fat (curved arrows) as hyperintense tissue in all three sequences. The dural sac (asterisk) is narrowed with defor-
mation and flattening in the axial image.

a b

Figure 7. Acute postoperative epidural bleeding

a Sagittal T1 W and b T2 W, as well as c axial T2 W images at the L2 and d L4 levels, show postoperative epidural bleeding
after decompression surgery. In the T1 W image, the bleeding (white arrowheads) is slightly hyperintense compared to
the cerebrospinal fluid. T2 W images show different stages of bleeding with in part T2-hyperintense hyperacute bleeding
(curved arrows) and T2-hypointense acute bleeding (black arrowheads).
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c d

Figure 7. (Cont.)

The dural sac (arrows) is dislocated anteriorly and compressed. c At the L2 level, the dural sac (arrows) is displaced anteri-
orly and flattened caused by hyperacute bleeding (white arrowheads). d At the L4 level, the dural sac (arrows) is com-
pressed and dislocated to the right because of the T2-hypointense acute bleeding (black arrowheads)

a b

c d

Figure 8. Endplate changes

Endplate changes have been classified by Modic [23] as Type I–III. a T1 W and b T2-weighted images demonstrate
Type I endplate changes (arrowheads) with high signal in T2 W and low signal in T1 W images. c T1 W and d T2 W images
demonstrate Type II endplate changes (arrowheads) with high signal in T1 W and T2 W images which corresponds to a
higher amount of fat within these regions.
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e f

Figure 8. (Cont.)

e T1 W and f T2 W images demonstrate Type III endplate changes (arrowheads) in two segments with low signal in T1 W
and T2 W images, which corresponds to bony sclerosis within these regions.

Contrast Enhanced MR Imaging of the Spine

Contrast agents shorten

T1 relaxation times

Occasionally, intravenous (i.v.) injection of MR contrast agents is necessary.
Such agents are virtually always gadolinium chelates, which predominantly
shorten T1 relaxation times. This means that there is increased signal on T1 W
sequences wherever the contrast agent is accumulated (typically within vessels,
hyperemic tissue, and joint spaces). Brand and generic names of these contrast
agents include Magnevist (gadopentetate dimeglumine, Gd-DTPA), Dotarem
(gadoterate meglumine, Gd-DOTA), Omniscan (gadodiamide, Gd-DTPA-BMA),
and Prohance (gadoteridol, Gd-HP-DO3A). Most MR contrast agents have a gad-
olinium (Gd) concentration of 0.5 mmol/ml. A higher Gd concentration
(1 mmol/ml) is occasionally used for MR angiography and brain imaging.

The use of MR contrast agents [14, 17, 24, 25, 31] is recommended in:

) suspected tumors [paravertebral, vertebral, epidural, intradural-extramed-
ullary, and intramedullary tumors (Fig. 5)]
) suspected demyelination within the spinal cord
) suspected infection [spondylitis, spondylodiscitis (Fig. 9), or soft tissue

infection]
) spontaneous intraspinal hemorrhage for demonstration of vascular malfor-

mations
) inflammatory rheumatological disorders [ankylosing spondylitis, rheuma-

toid arthritis, seronegative spondyloarthritis, and SAPHO (i.e., synovitis,
acne, pustulosis, hyperostosis, osteitis) syndrome with spondylitis]
) postoperative spine

In order to increase lesion conspicuity, the contrast enhanced T1 W sequences
may be combined with fat suppression. Fat (fatty bone marrow, subcutaneous

Fat-suppressed images

are helpful because fat

may disguise the underlying

pathology

and retroperitoneal fat) and MR contrast agents are both hyperintense
(increased signal) on standard T1 W images, which may obscure abnormalities.
On fat-suppressed images, only the signal originating from the injected contrast
medium remains. Enhanced, fat-suppressed T1 W images are most useful [17,
25, 31] in suspected cases of:

) spondylodiscitis
) epidural abscess or soft tissue infection
) neoplasm
) ankylosing spondylitis or other inflammatory rheumatologic disorders
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a b c

d e

Figure 9. Spinal infection

a Sagittal T1 W, b T2 W and c contrast enhanced T1 W fat suppressed images as well as d axial T1 W fat suppressed and
e T2 W images in spondylodiscitis of the thoracic spine. There is collapse of one vertebral body and of the intervertebral
disc (white curved arrow) and contrast enhancement within both vertebral bodies and within an epidural mass (arrows)
with slight deformation of the dural sac. Inflammatory changes with abscess formation (arrowheads) can be seen in the
paravertebral space.

Additional Sequences

Gradient-echo and fat-suppressed T2 W sequences are the two most commonly
employed additional sequences. Both types of sequences are available on all
types of scanners.

T2*W gradient-echo

sequences reduce CSF

pulsation artifacts

Axial T2*W gradient-echo sequences are commonly used in the cervical spine
instead of T2 W fast spin-echo sequences. The “*” in T2*W is employed because
the signal on these sequences is not only determined by T2 relaxation times but
also by additional factors. The main reason to use such sequences is the reduc-
tion of pulsation artifacts within cerebrospinal fluid commonly present on T2 W
images. These artifacts consist of hypointense regions which may obscure or imi-
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tate abnormalities. They may for instance interfere with the diagnosis of vascular
malformations and other filling defects within the subarachnoidal space. Gradi-

Gradient-echo sequences

allow for an excellent

contrast between CSF

and spinal cord

ent-echo images tend to provide excellent contrast between the cerebrospinal
fluid on one hand and the spinal cord or discs on the other hand. With regard to
intramedullary abnormalities their contrast behavior tends to be inferior to
T2 W spin-echo images. Gradient-echo sequences additionally have disadvan-
tages such as marked susceptibility artifacts in the presence of metallic implants
and fragments [33]. There are many different types of gradient echo sequences,
depending on the manufacturer. Commonly the manufacturers try to abbreviate
the complicated names of the gradient echo techniques with acronyms such as
MEDIC, DESS, CISS, FFE, SPGR and many others.

The STIR sequence

differentiates acute

from chronic fractures

So-called fluid sensitive sequences such as T2 W fat-suppressed or short tau
inversion-recovery (STIR) sequences may be used in addition to the routine
sequences. In these sequences, fluid (in a wide sense of the word) is hyperintense.
Such fluid may be present in:

) soft tissue (circumscribed: e.g., hematomas or abscesses; diffuse: e.g.,
edema)
) bone marrow (edema, granulation tissue, abscess formation, tumor)
) cerebrospinal fluid

All other structures including normal bone marrow, soft tissue and fat are hypo-
intense. These sequences are commonly used for screening in suspected abnor-
malities not seen on the standard sequences. Typical indications include:

) primary bone tumors and metastases
) acute or subacute fractures [4]
) bone and soft tissue infection
) soft tissue tumors
) soft tissue trauma (ligament disruption, soft tissue bleeding) [51]

Diffusion imaging

and spectroscopy

are still evolving

Diffusion imaging is based on the ability of the protons to move during applica-
tion of an MR gradient. Such motion is most pronounced in fluid (cerebrospinal
fluid, seroma). In normal cellular tissue such as the spinal cord or bone marrow
motion is restricted. Under pathologic conditions, different types of diffusion
pattern can be observed. Diffusion imaging is most commonly applied to the
brain for the assessment of ischemia. In the early phase, motion may be more
restricted than in the surrounding tissue but increases with development of
necrosis. In the spine, diffusion imaging has mainly been applied to bone, such as
the differentiation of traumatic and pathologic (mainly tumor-related) fractures
[52].

Proton (1H)-spectroscopy provides spectra of the many different compounds
of the examined volume including the protons contained in water and body fat.

MR spectroscopy is not yet

in routine use for the assess-

ment of spinal disorders

These two large peaks are commonly suppressed because they interfere with
measurement of the much smaller peaks associated with compounds relating to
metabolic changes found in tumors and other abnormalities. In 1H-spectroscopy,
proton-containing compounds such as N-acetyl aspartate, creatine, and choline
can be identified [8]. 1H-spectroscopy cannot be considered to be a routine imag-
ing method. Spectroscopy is not limited to 1H but may also be performed with
other types of nuclei including phosphorus, sodium and others. Special equip-
ment is required for such types of spectroscopy.

Contraindications, Artifacts, Side Effects

The contraindications for imaging of the spine are the same as for MR imaging in
general. They mainly include electronic devices which may malfunction, may be
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MR imaging is contraindi-

cated in the presence of car-

diac pacemakers and neuro-

stimulators

displaced or may increase in temperature. The list of such devices typically
includes:

) cardiac pacemakers
) neurostimulators
) insulin pumps
) inner ear implants
) metallic fragments

Metallic spinal implants

are not a contraindication

for MRI

The metallic implants used in spine surgery including pedicular screws are not
contraindications for imaging from the point of view of patient safety. However,
they tend to produce so-called susceptibility artifacts (Fig. 10). These artifacts
are caused by local distortion of the magnetic field by the metallic objects and
appear as hypointense regions surrounding the implant. Pure titanium implants
are less prone to susceptibility artifacts than steel alloy implants. Other parame-
ters influencing the extent of susceptibility artifacts are the size of the implant

Pure titanium implants

exhibit fewer artifacts

than stainless steel

and a number of MR parameters which may sometimes be successfully manipu-
lated (including readout direction, type of sequence, sequence design). Gener-
ally, spin-echo sequences cause fewer artifacts than gradient-echo sequences
[26].

A considerable number of patients feel uncomfortable within the MR system.
Claustrophobia is the most commonly encountered problem. One possibility is
the use of prism glasses, which allow the patient to observe the magnet opening.
In severely claustrophobic patients, sedation by intravenous (2–5 mg), oral
(7.5 mg) or intranasal administration of midazolam is necessary. Pain is another
commonly encountered problem in MR imaging. Patients with severe back pain

a b c d

Figure 10. Susceptibility artifact and artifact reduction

a Conventional anteroposterior and b lateral radiographs of a 43-year-old female patient several years after scoliosis sur-
gery in Th9 to L3 with implant rupture (bold arrow) in the level Th9/10. c Sagittal T2 W MR image of the lumbar spine
shows considerable susceptibility artifacts caused by the metallic implants, which obscure the spinal cord partially (thin
arrows). d After optimization of the imaging parameters (different phase direction and special sequence design), visibil-
ity of the spinal canal (curved arrows) and spinal cord is far better than before.
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are often unable to stay motionless for the 20 min required for a standard exami-
nation. Hip flexion, which might relieve the patient’s pain, is only possible to a
limited degree in most magnet designs. Proper analgesic medication prior to the
MR examination may be required in order to reduce patient discomfort and
pain-related motion artifacts.

Computed Tomography

CT is the modality of choice

for imaging of bone

CT has developed with amazing speed during the last few years. Spiral CT with
continuous data acquisition appeared in routine work in the mid-1990s, and
multi-detector row CT at the end of the 1990s. Initially, four detector rows were
employed which were quickly followed by 16, 40 and 64 detector rows. At the time
of writing, this development has not yet come to an end. Compared to MR imag-
ing, CT has several advantages. CT shows bony details with a high spatial resolu-
tion.

In plane spatial resolution of CT (pixel size) is approximately 0.25–0.5 mm
(depending on the system geometry and on the reconstruction kernel selected by
the user) and is therefore better than in typical MR protocols. CT does not inter-
fere with the function of pacemakers and other electronic devices. The metal-
related artifacts present in CT are related to so-called beam-hardening, which
depends on the amount/size of implants and the atomic number of the implant.
Such artifacts may be less pronounced or in a different place when compared to

CT is the imaging modality

of choice in an emergency

situation

MR imaging. Examinations in emergency room and intensive care patients are
preferably performed using CT because imaging times are shorter, patient access
is easier and no specialized (non-ferromagnetic, shielded) intensive care equip-
ment is necessary as for MR imaging.

Contrast resolution

is inferior to MRI

On the other hand, the contrast resolution of CT is much inferior to MR imag-
ing in important structures such as the intervertebral discs, cerebrospinal fluid
and soft tissue. The radiation dose is considerable in CT, e.g., 28% of the medical
radiation dose in Switzerland is generated by CT examinations [46]. CT examina-
tions of the lumbar spine (8.2 mSv) and of the sacroiliac joints (7.0 mSv) result in
a higher effective radiation dose compared to CT examinations of the cervical
(3.4 mSv) spine.

CT fluoroscopy allows for

interventional procedures

CT fluoroscopy allows real-time imaging of interventional procedures. Dur-
ing these procedures, the radiologist activates intermittent or continuous image
acquisition with a foot pedal. If necessary, the patient can be moved in the crani-
ocaudal axis using a joystick, placed within the reach of the radiologist’s elbow or
hand. In order to protect the patient and the radiologist from high radiation
doses, low-dose imaging (lower mAs) is usually performed. In addition, a
reduced number of pixels (reduced spatial resolution) and near-real-time image
reconstruction algorithms are commonly used in order to reduce acquisition
time [42]. CT fluoroscopy allows imaging of a needle or other radiopaque devices
in real-time fashion during insertion. This method is typically employed for CT
guided nerve root blocks, facet joint blocks, CT discography, injections into the
sacroiliac joints, sympathetic trunk blocks, vertebral body biopsy, and soft tissue
biopsy.

DEXA is used for the

determination of bone

mineral density

CT is one of the many available tools for bone density measurement. Bone
density within the vertebral body can be directly measured by simultaneously
scanning the vertebral body and phantoms with defined densities [15]. This
method is not commonly employed, however, for a number of reasons. The
most commonly employed method is dual energy X-ray absorptiometry
(DEXA), which reduces radiation dose and cost when compared to CT. On the
other hand, this method is a projectional method and may overestimate bone
density in the presence of spondylophytes. Dedicated small CT scanners have
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pQCT allows fast losers

to be detected

been used for peripheral quantitative computed tomography (pQCT) mea-
surements [9]. Such scanners are less expensive than standard CT scanners
and provide highly reproducible results which may be used for early detection
of fast losers and for monitoring the effects of medication therapy. Other
methods mainly used for peripheral measurements (with variable predictive
value for spinal fractures) are broadband ultrasonic attenuation (BUA) [44]
and high-resolution MR imaging measurement of the trabecular bone volume
fraction [47].

Imaging Protocol

When a single slice CT unit is used, the examination needs to be restricted to a
few spinal segments. Typically, the cervical spine is imaged with thinner slices

Multi-detector CT has

improved resolution and

shortened imaging time

compared to the thoracic and lumbar spine. Multi-detector CT (MDCT) units
allow the acquisition of a large number of segments with thin slice thickness,
within the same period of time. Sagittal and coronal multiplanar reformations
(MPRs) are more easily obtained and are of better quality based on such data
sets. Typical imaging protocols in the cervical, thoracic, and lumbar, spine, as
well as for the sacroiliac joints, are shown in Table 2.

Table 2. Imaging parameters for computed tomographya

Single-slice CT 16-row MDCT 64-row MDCT

Cervical spine
Plane Axial axial axial
Slice thickness C0 – C3 1 mm 16 × 16.75 mm 64 × 64.6 mm

C4 – C7 2 mm
Pitch C0 – C3 1.3 – –

C4 – C7 1.25
Recon. interval C0 – C3 2 mm 0.6 mm 0.7 mm

C4 – C7 2 mm
Kernel soft AH 50 B 30 B 30
Kernel bone AH 91 B 50 B 50
Window soft (C/W) 250/50 280/60 360/70
Window bone (C/W) 1 800/450 1 500/400 1 500/400

Thoracic and lumbar spine
Plane axial axial axial
Slice thickness 2 – 3 mm 16 × 16.75 mm 64 × 64.6 mm
Pitch 1.25 – 1.5 – –
Recon. interval 3 – 4 mm 0.6 mm 0.7 mm
Kernel soft AB 50 B 30 B 30
Kernel bone AH 82 B 50 B 50
Window soft (C/W) 250/50 360/70 360/70
Window bone (C/W) 1 800/450 1 500/400 1 500/400

Sacroiliac joints
Plane coronal axial axial
Slice thickness 2 mm 16 × 16.75 mm 64 × 64.6 mm
Pitch 1.25 – –
Recon. interval 3 mm 0.6 mm 0.7 mm
Kernel soft AB 50 B 30 B 30
Kernel bone AH 82 B 50 B 50
Window soft (C/W) 250/50 360/70 360/70
Window bone (C/W) 1 800/450 1 500/400 1 500/400

a As used in our institution
Kernel soft = image reconstruction algorithm for soft tissue; Kernel bone = image reconstruc-
tion algorithm for bone; C = center, W = width. The above algorithms are only for Siemens
CT units; differences with other manufacturers are likely
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Indications

CT is superior to MR

imaging in the evaluation

of bone abnormalities

Generally, MR imaging is the advanced modality of choice in imaging of the
spine. As a screening, CT can be applied to diagnose or rule out disc herniation
particularly when an ossified herniation is suspected (Fig. 11). However, there
are clinical situations where CT is superior to MRI. CT should be preferred to
MRI when the bony structures have to be analyzed such as fracture of the spine
(Fig. 12) or in cases of MRI contraindications.

a b

Figure 11. CT diagnosis of disc herniation

a CT scan at the L4/5 level (soft tissue window) demonstrating a right-sided mediolateral disc herniation. b CT scan at the
L5/S1 level (soft tissue window) is superior to MRI, showing a calcified, broad-based median disc herniation.

a b

Figure 12. CT diagnosis of spinal fractures

a, b Standard radiographs demonstrate loss of height, widening of interpedicular distance and probable dorsally
extruded fragment.
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c d

Figure 12. (Cont.)

c, d This is confirmed by a
CT scan with image refor-
mation.

Such indications include:

) acute spinal trauma
) evaluation of spinal fusion
) planning of complex surgical procedures (e.g., osteotomies)
) spondylolysis
) complex vertebral deformities
) claustrophobia and contraindications to MRI

Contraindications, Artifacts, Side Effects

CT is relatively contraindicated during pregnancy. Especially in pregnancy, but
also in all other instances, the indications for CT should be considered carefully.

Beam hardening artifacts are most commonly caused by metallic implants.
These artifacts depend on the volume, orientation and atomic number of the
implant. The artifacts are limited to the CT slices which include the metallic
implants. These artifacts are accentuated in the longitudinal direction of screws.
They appear as one or multiple thick lines which may be oriented in a sunbeam-

CT exhibits fewer artifacts

than MRI in the presence

of implants

like fashion and may cover large parts of the field of view. Typical causes of beam
hardening artifacts are extensive dental implants, screws, cages, intervertebral
disc prostheses, shoulder and hip prostheses, as well as pacemakers or drug
pumps. In the vicinity of implants, beam hardening artifacts tend to be less pro-
nounced compared to susceptibility artifacts seen on MR imaging. On the other
hand, implants located far away from the spine (for example dental implants)
may be more disturbing on CT images while MR images are not degraded in a
clinically relevant fashion.

Additional Imaging Methods

Bone Scintigraphy

Bone scans are surpassed by

MR imaging and PET

99mTechnetium polyphosphonate scintigraphy, such as 99mTc-methyl diphospho-
nate (MDP) scintigraphy, has been used in an almost unchanged fashion for
many years [41]. For this examination, 500–800 MBq of 99mTc is injected intrave-
nously and images are obtained 2–3 h after injection. The 99mTc distribution at
that time shows the activity of the osteoblasts and thus demonstrates bony turn-
over activity. Images acquired within a few minutes after the injection demon-
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Bone scan remains a skeletal

screening modality

for tumors or infections

strate the vascularity of the tissue. Bone scintigraphy is mainly used as a screen-
ing tool because it demonstrates the entire skeleton in a single examination.
Bone scintigraphy may also be useful in assessment of disease activity. For local
diagnosis, however, bone scintigraphy has mainly been replaced by MR imaging,
which provides similar information regarding disease activity but adds anatomi-
cal details. The role of specialized scintigraphic methods such as 111In, 67Ga, or
anti-granulocyte antibody scintigraphy has declined due to the increasing use of
MR imaging, the advent of positron emission tomography (PET) and also
because some of the methods do not perform in the spine as well as in peripheral
bones due to the relatively large proportion of cell-rich hematopoietic bone mar-
row. This interferes with the detection of abnormalities such as infection and
neoplasm which are also characterized by a large number of cells. Independently
of this discussion, bone scintigraphy has a limited role in detecting Langerhans’
cell histiocytosis and multiple myeloma [21], which both tend to be inconspicu-
ous on 99mTc bone scintigraphy.

Positron Emission Tomography

PET is increasingly used for

staging of tumors and for

the assessment of infection

Imaging with PET requires expensive equipment, especially if combined with a
CT scanner (PET-CT). The tracers required for PET have short half-life periods
of between a few minutes (15O: t1/2 =2.1 min) and approximately 2 h (18F: t1/2

=110 min). Therefore, the cyclotron generating the tracers has to be within an
adequate distance of the PET scanner. A large number of different tracers are
available. However, PET is typically performed with 18FDG (18fluorodeoxyglu-
cose). Doses of between 200 and 600 MBq of 18FDG are intravenously injected.
Scanning starts after a delay of 30–40 min [40]. This method demonstrates areas
of increased glucose metabolism which typically are present in tumors and infec-
tion. PET can provide images of large parts of the body within a single examina-
tion and is increasingly used for staging of tumors but also for the assessment of
infection. Its role is not limited to bone but may be even more important for
imaging of soft tissue, lymph nodes and abdominal organs.

Myelography

Myelography can be

associated with serious

side effects

For lumbar myelography the injection of contrast is typically performed at the
L2/3 level with a thin (22G) needle. Rounded needles have been advocated in
order to reduce traumatizing of the dura and nerve roots but are not universally
used. Application of 2.5–4.5 g iodine (8–15 ml of a contrast agent containing
300 mg/ml iodine) results in a sufficient intrathecal contrast [18]. Water-soluble,
non-ionic, iso-osmolar types of contrast agent produce the fewest side effects.
Side effects mainly include pain, which may be similar or different from the pain
usually experienced. Pain is most commonly found in patients with severe steno-
sis of the spinal canal. Severe side effects of myelography such as seizures are
infrequent [38]. However, the injection of ionic contrast media is strictly contra-
indicated because a severe form of seizure called “ascending tonic-clonic seizure”
has been reported after inadvertent intrathecal injection of such ionic contrast
agents [5, 38]. Prolonged side effects are most often related to the puncture itself.
Liquor leakage through the dural puncture site can cause severe headache, which
can last for several days or even weeks. Blood patches with approximately 8 ml of
the patient’s own blood have been suggested for treatment of prolonged symp-
toms.

Immediately after intrathecal contrast administration, radiographs are
obtained with the patient in the prone and lateral decubitus position as well as
prone oblique radiographs (approximately 15°/30°, commonly positioned under
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Figure 13. Myelography and CT
myelography

Positional radiographs in a flexion and b extension,
demonstrating segmental stenosis of the spinal
canal, most pronounced at the L3/4 level. c CT at
the L3/4 level, confirming stenosis of the spinal
canal. Gas within degenerated disc.

Functional examination

rarely has a diagnostic

or therapeutic impact

fluoroscopic control, in order to better demonstrate the entire course of nerve
roots). Functional examination in flexion and extension does not appear to have
an impact on the diagnostic and therapeutic decision-making in the presence of
an MRI examination and is not routinely done in our center [36, 48, 50]. Myelo-
graphy is commonly combined with CT of the spine (CT myelography) (Fig. 13).
The acquisition parameters are similar to those for standard CT (see CT chapter).
Compared to standard CT, intrathecal contrast medium outlines the intradural
space and any filling defects within this space or abnormalities impinging on the
dural sac. Stenosis of the spinal canal or the lateral recesses as well as the influ-
ence of disc herniation on intradural structures may even be more clearly dem-
onstrated than by MR imaging.

Direct cervical myelography with craniocervical injections has largely been
replaced by MR imaging or CT myelography obtained after lumbar injection.

Indications for myelography or CT myelography in the era of MRI are very
rare and are restricted to the following conditions:

) postoperative spine with marked susceptibility artifacts in MRI
) unclear conditions with suspected functional stenosis

In all other cases MRI should provide enough information about foraminal or
spinal canal stenosis. Only in a few cases is additional CT without intrathecal
contrast administration necessary to distinguish between osteophyte formation
and disc protrusion within the intervertebral foramen, mainly in the cervical
spine.

MR myelography (MR imaging performed after intrathecal injection of MR
contrast media) has rarely been employed but appears to be feasible. No adverse

The diagnostic value

of MR myelography

is questionable

reactions other than those known from conventional myelography were found in
these patients. However, the technique of intrathecal administration of gadopen-
tetate and related contrast media has so far not been approved by the responsible
state agencies and the additional diagnostic effect is questionable.
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Image Guided Injections

Image guided injections such as nerve root blocks or facet joint injections are
discussed in Chapter 10 . Fluoroscopy and CT (possibly CT fluoroscopy) are
most commonly employed as guiding methods for such procedures although MR
imaging has also been suggested for this purpose.

Ultrasonography

Sonography has a limited

role in imaging of the spine

Ultrasonography does not play an important role in imaging of the spine. Retro-
peritoneal abnormalities are commonly examined from ventrally with a trans-
ducer suitable for abdominal imaging (commonly a curved array transducer
with a frequency of 3.5–5 MHz). The evaluation of the contents of the spinal
canal cannot easily be performed sonographically. The bony surfaces surround-
ing the relevant structures prevent a consistent evaluation.

Sonography has been used to guide periradicular injections in the lumbar
spine [13] and it has also been used as guidance for lumbar sympathetic trunk
blocks [20]. There may be a role for intraoperative sonography in spinal cord
tumors or malformations but probably not typically for the evaluation of degen-
erative disc disorders and other common spine abnormalities [12].

Sonography is routinely

used for the assessment

of cervical arteries

Duplex sonography and color Doppler sonography are excellent tools for eval-
uation of the vertebral and carotid arteries [3]. The vertebral arteries can be
injured in different types of spinal trauma (such as vertebral artery dissection in
cervical fractures extending into the transverse foramen). Alternatively, MR
imaging (loss of the flow void within the artery), MR angiography with intrave-
nous injection of MR contrast media or CT angiography after injection of iodine
containing contrast media can be obtained to demonstrate abnormalities of the
vertebral arteries [45].

Indications for Spinal Imaging

There are no universally accepted and standardized indications for the applica-
tion of imaging modalities in spinal disorders. However, the following imaging
algorithms are enhanced by evidence from the literature and resemble a “best
practice” approach as used in our spine center.

Acute Low Back Pain Without Radicular Symptoms, Without Trauma

In acute non-specific

low back pain, imaging

is usually not necessary

In acute low back pain, imaging is not recommended during the first 6 weeks of
a pain episode if:

) spinal infection or
) tumor

can be excluded.
Upright anteroposterior and lateral radiographs of the lumbar spine are the

basis of imaging. Radiographs give an overview and demonstrate bony details and
indirect signs of disc degeneration including reduced disc height, sclerosis of the
vertebral endplates, spondylophytes as well as osteoarthritis of the facet joints. In

Standard radiographs

demonstrate transitional

anomalies which may be

overlooked on MRI

cases of anomalies of the transition between the lumbar spine and the sacrum,
conventional radiographs are important for definition of the lumbar segments.
Calcifications are easily recognizable on standard radiographs. Standard radio-
graphs are obtained with the patient in the upright position, which is only possi-
ble with very few MR scanners. In addition, degenerative or inflammatory find-
ings of the sacroiliac joints are often recognized on these standard examinations.
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Specific MR imaging questions are related to the presence of:

) disc degeneration
) disc herniation
) nerve root compromise
) facet joint osteoarthritis
) spinal canal stenosis
) spondylodiscitis
) rare findings (e.g., intra- and extradural tumors)

Sacroiliac disorders may be

overlooked using standard

MRI protocols

Suspected abnormalities of the sacroiliac joint should be specifically mentioned
in the request for the MR examination because the imaging protocol has to be
adapted. (Angled) coronal or axial images covering the entire sacroiliac joint as
well as sequences able to recognize inflammatory disease such as STIR (short TI
inversion recovery) or contrast-enhanced T1 W fat-suppressed sequences are
added in this situation.

The use of MR imaging without standard radiographs may be considered
when abnormalities are suspected which are not typically associated with bone
abnormalities.

CT and myelography are not relevant in acute low back pain. Imaging guided
nerve root blocks or facet joint blocks may be useful for obtaining more precise
topographical diagnostic information, for determination of the relevance of MR
abnormalities and for therapeutic purposes (see Chapter 10 ).

Acute Low Back Pain With Radicular Symptoms

MR imaging is superior

to CT for the assessment

of radiculopathy

Imaging considerations are similar to those described above. The difference is in
timing. Imaging is performed at the beginning of the diagnostic work-up. In the
presence of motor weakness (M3 and worse) imaging is performed as an emergency
examination. MR imaging usually represents the method of choice because it dem-
onstrates the location and extent of nerve root compromise. Standard radiographs
are not necessary for the initial analysis but should be obtained prior to surgery.

There are several disc herniation classification systems (see Chapter 18 ) cur-
rently in use [6, 7, 22]. Today, the most frequently used system is the one suggested
by Modic and coworkers [22]:

) normal: no disc extension beyond interspace (DEBIT)
) bulging: circumferential, symmetric DEBIT around the endplate
) protrusion: focal or asymmetric DEBIT into the canal, the base against the

parent disc is broader than any other diameter of the protrusion
) extrusion: focal, obvious DEBIT, the base against the parent disc is narrower

than the diameter of the extruding material itself
) sequestration: the extruded material has lost its connection to the parent disc

Often more important than the description of the shape of the intervertebral disc
is its influence and relation to the adjacent nerve roots, which is crucially depen-
dent on the width of the spinal canal [10]. Pfirrmann et al. [29] showed good inter-
observer reliability in following the nerve root compromise classification system
(see Chapter 18 ):

) no compromise: normal epidural fat layer visible between nerve root and disc
) contact to nerve root: no epidural fat layer visible between nerve root and

disc; nerve root is in normal position and is not dorsally deviated
) deviation of nerve root: nerve root is displaced dorsally by disc
) compression of nerve root: nerve root is compressed between disc and the

wall of the spinal canal; it may appear flattened or be indistinguishable from
disc material
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CT is inferior to MRI in this situation and is only indicated in the case of contra-
indications for MRI. Imaging guided treatment such as nerve root blocks or facet
joint blocks may be employed for therapeutic rather than diagnostic purposes.

Spinal Cord and Cauda Compression Syndromes

Spinal cord and cauda

equina compression

represent an emergency

indication for MR imaging

A suspected spinal cord and cauda equina compression syndrome is an emergency
situation requiring immediate MR imaging. If no clear diagnosis such as a large
disc herniation or intraspinal hemorrhage can be made, a tumor within the spinal
cord has to be excluded. In such cases, contrast enhanced MRI should be obtained
and imaging should be extended to include the thoracic and cervical spine.

Acute Trauma

Trauma is typically imaged

with standard radiographs

and CT

Imaging starts with standard radiographs in two planes. If conventional radio-
graphs lead one to suspect vertebral fracture or if they are equivocal, CT with
multiplanar reformations is employed. Increasingly, CT is even used as a primary
examination, especially in polytraumatized patients. If a multidetector CT
(MDCT) is available, the acquired data sets can be used for reconstruction of the
spine with adequate image quality [32]. MR imaging can be necessary for identi-
fication of radiologically occult fractures (Figs. 14–16) and bone contusions.
MRI reveals additional information regarding:

) herniated disc material
) epidural or intramedullary hematoma (Fig. 15)
) post-traumatic myelopathy
) spinal cord transsection (Fig. 15)
) injury to the posterior support structures

a b

c

Figure 14. Acute trauma

a Sagittal T1 W and b sagittal STIR sequences as well as c axial T2 W sequence of a patient with an acute trauma of the
thoracic spine. Anterior collapse of the vertebral body is visible in all sagittal sequences and posterior dislocation of a
broad-based fragment into the spinal canal (arrowheads). Caused by edema and hemorrhage, there is low signal within
the bone marrow in the T1 W (curved arrow) image. In the fluid-sensitive STIR sequence, edema is much more conspi-
cuous (black arrow).
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Figure 15. Spinal cord lesion

a Sagittal T1 W and b T2 W sequences as well as c axial T2 W sequence of the thoracic spine after a car accident. Anterior
collapse of the vertebral body and bone marrow edema is visible in both sagittal sequences (asterisk). There is disruption
of the spinal cord and dislocation (curved white arrows). There is hemorrhage and myelopathy within the spinal cord
(straight black arrow). Hemorrhage can be seen in the anterior epidural space (arrowheads) and also in the posterior epi-
dural space (straight white arrow). The dural sac is compressed (curved black arrows).

a b c

Figure 16. MRI in acute and old osteoporotic vertebral fractures

a Sagittal T1 W and b T2 W sequences as well as c sagittal STIR sequence of the thoracic spine in an osteoporotic patient.
There is collapse of three different vertebral bodies. The acute fracture (asterisk) of one vertebral body can be identified
by the low signal in the T1 W (asterisk) sequence and high signal within the bone marrow in T2 W (black arrow) and STIR
(white arrow) sequences. Only a slight signal increase near the endplate of the adjacent vertebral body is visible in the
STIR sequence (curved arrow), which can be caused by degeneration or some minor infraction. There is also an old verte-
bral body fracture (arrowhead) visible without bone marrow signal alterations.
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The appearance of spinal cord lesions on MR imaging provides prognostic infor-
mation regarding the likely extent of recovery of neurologic function [11, 19].
Magnetic resonance angiography can reliably demonstrate vertebral artery inju-
ries not uncommonly associated with cervical spine subluxation or dislocation
and fractures crossing the transverse foramen [45].

Chronic Low Back Pain

In chronic low back pain,

standard radiographs and

MR imaging are the most

useful imaging methods

Standard radiographs in the anteroposterior and lateral planes are typically
obtained initially although they are usually not very helpful. However, they can
occasionally demonstrate unexpected lesions, such as:

) spinal deformities
) previous fractures
) previous infection or other inflammatory diseases
) tumors (later stage)

For additional imaging in most instances, MRI is preferable to CT. It is superior
to CT for evaluation of:

) disc degeneration
) endplate changes
) disc herniation
) annular tears
) spinal canal and foraminal stenosis

Endplate changes are classified according to Modic [23] into three grades (Fig. 8):

) Grade I: decreased signal on T1 W images and increased signal on T2 W images
) Grade II: increased signal on T1 W and T2 W images
) Grade III: decreased signal on T1 W and T2 W images

MRI is not inferior to CT

for the evaluation

of facet joint alterations

Even for evaluation of the facet joints, MR imaging does not provide less infor-
mation than CT [49].

In suspected osteoporotic fractures, MR imaging is preferable to CT because
signal alterations within the fractured vertebral body allow the determination of
whether a fracture is acute (up to a few weeks old) or old (Fig. 16). Such informa-
tion, for instance, is important in a medicolegal context and it represents a pre-
dictor for the success of percutaneous vertebroplasty [1].

Postoperative Imaging

In postoperative imaging,

CT best assesses implants

and bony fusion

Standard radiography demonstrates spinal deformity, the position and signs of
loosening of implants as well as degeneration in segments adjacent to spinal
fusion. CT better demonstrates problems associated with metallic implants than
competing standard radiographs and MR imaging, including the localization of
implants, bone resorption associated with loosening as well as fusion of bone
fragments, facet joints or implanted bone (Fig. 17). It is the imaging modality of
choice for the assessment of spinal fusion.

MR imaging is used for

soft tissue abnormalities

in the postoperative spine

If non-osseous structures are of primary interest, MR imaging is more useful
than CT in the evaluation of the postoperative spine. Typical diagnoses made by
MR imaging include:

) recurrent disc herniation
) differentiation between disc herniation and postoperative epidural scar
) intradural hematoma
) epidural or soft tissue abscess
) dural fistula
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Figure 17. Assessment of spinal fusion

Axial CT images at the a L4/5 and b L5/S1 levels and coro-
nal reformatted image of both segments 1 year after spinal
fusion surgery. At the L4/5 segment, there is clear fusion of
both facet joints (curved white arrows), while in the L5/S1
segment no such facet joint fusion can be seen (straight
white arrows). In the coronal MPR image, interbody fusion
can be recognized between the bone chips within the
cage and the adjacent endplates of the L4 and L5 vertebral
bodies (straight black arrows). No such interbody fusion
can be seen in the L5/S1 segment with vacuum phenome-
non within the cages (curved black arrows) and hypodense
loosening zones of both S1 screws (black arrowheads).

Intravenous contrast is commonly injected in the postoperative situation in
order to better differentiate fluid-filled structures from solid ones. It may also

Contrast enhancement

facilitates the differentiation

of scar and recurrent

herniation

assist in the differentiation between postoperative scar and granulation tissue
from recurrent disc herniation, although the value of contrast is not as well doc-
umented as it was for CT, which was employed for this purpose before the advent
of MR imaging (Fig. 18).

Imaging guided injections may be useful for the differentiation of the source
of pain or for non-invasive treatment. Ultrasonography is a quick and reliable
imaging method for detection of fluid collections in the periverterbral soft tis-
sues. Bone scintigraphy may be used for detection of infection.

Whiplash-Associated Disorders

In WADs a multidisciplinary

work-up is recommended

According to the Quebec Task Force on Whiplash-Associated Disorders, acute
whiplash-associated disorders (WADs) should be classified initially by conven-
tional radiographs. If fractures are visible on the initial radiograph, CT has to
evaluate the stability of the fracture. If no fracture is seen on the initial radio-
graph, multidisciplinary work-up should follow after 6 weeks of pain persistence
[37]. At that time, MR imaging is still able to identify bone marrow signal alter-
ations caused by occult fractures or residual changes of soft tissue hematoma. In

252 Section Patient Assessment



a b

Figure 18. Differential diagnosis scar versus recurrent herniation

a Axial T2 W and b T1 W contrast enhanced images at the level of the L4/5 disc a few months after surgery of a disc extru-
sion. a The T2 W image shows left sided laminotomy and some signal alteration within the epidural space (straight white
arrows) and in the disc (curved white arrows). b After contrast injection there is intense contrast enhancement within the
granulation/scar tissue in the epidural space (straight white arrows) as well as within the disc (curved white arrows). No
recurrent herniation is seen.

addition, MR imaging can then identify other reasons for pain persistence such
as disc protrusion and extrusion or other degenerative changes of the cervical
spine.

In WADs, the role of imaging

is to exclude a structural

pathology

In chronic whiplash-associated disorders, almost all radiological tools fail to
identify a distinct morphological abnormality. Tears of the alar ligaments have
been related to the complaints in these patients. Unfortunately, the morphologic
variability of the alar ligaments is considerable in asymptomatic volunteers with
asymmetry in length and thickness, as well as ill-defined borders in many
instances [28]. Some authors have proposed rotational CT measurements of the

In WADs, alar ligament

alterations and atlantoaxial

rotational abnormalities are

of questionable relevance

craniocervical junction as a radiological tool to identify alar ligament abnormal-
ities [2]. In asymptomatic volunteers, identical differences between left-sided
and right-sided rotation of the cervical spine were found [27]. Therefore, rota-
tional CT or MR imaging may have been overestimated in chronic whiplash-
associated disorders. MR imaging may be performed to exclude other reasons for
the patient’s complaints, such as degenerative changes of the facet joints or disc
protrusion. Pain relief has been described in some cases of chronic whiplash-
associated disorders and associated facet joint degeneration after radiofre-
quency medial branch neurotomy [34].

Pain Relating to the Sacroiliac Joint

MRI is superior to CT in the

demonstration of inflamma-

tory disease of the SIJ

Standard radiographs of the pelvis may not demonstrate subtle disease of the
sacroiliac joints (SIJs) for projectional reasons and because bowel gas may over-
lap with the sacroiliac joints. Barsony’s view assists in the evaluation of the sacro-
iliac joints but may still miss early or subtle diseases. CT is useful in the assess-
ment of bony abnormalities such as intra-articular bone bridging in ankylosing
spondylitis or after surgical fusion. CT is also the best method for the demonstra-
tion of too extensive bone harvesting at the posterior iliac crest, with bone
defects reaching the sacroiliac joint.
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Figure 19. Sacroiliac joint arthritis and Romanus
lesions in ankylosing spondylitis

Forty-three-year-old female patient with ankylosing spondylitis. a Coronal T1 W
images of the sacroiliac joints show hypointense bone marrow signal alterations
(thin white arrows) in the sacrum and iliac bone next to the right sacroiliac joint
caused by arthritis. b Fluid sensitive STIR sequence in the same location shows
additional inflammatory changes with hyperintense bone marrow signal (curved
arrows) adjacent to the left sacroiliac joint. c Axial T1 W, fat suppressed image
after i.v. gadolinium injection demonstrates hypervascularity in the inflamed
osseous area with signal increased area (arrowheads). d Typical spondylitis ante-
rior (Romanus lesions) [17] can be seen anteriorly at the endplates in the thora-
columbar junction (bold white arrows).

For detection of the acute phase of spondarthropathies with involvement of the
sacroiliac joints, MR imaging is increasingly used, with or without intravenous
contrast media (Fig. 19). Commonly, the examination is combined with a sagit-
tal screening series of the lumbar and lower thoracic spine or even in combina-
tion with whole body imaging for staging of systemic inflammatory disease.

Bone scintigraphy is less commonly used in sacroiliac joint inflammation.
Even normal sacroiliac joints demonstrate increased activity, which may obscure
additional activity caused by inflammatory disease.

In suspected septic arthritis, image guided biopsy can be obtained, which is
most commonly performed under CT control. In spondarthropathy, the same
technique may be used for local application of steroids. In degenerative disease,
local anesthetics with or without steroids can be applied for differentiation of
pain sources and for treatment.
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Disease of the Spinal Cord

In spinal cord disease, MR

imaging is by far the most

important diagnostic tool

Standard radiographs and CT do not provide detailed information about the spi-
nal cord although they may demonstrate bone abnormalities associated with spi-
nal cord disease, such as posterior defects. CT myelography only depicts the con-
tour of the spinal cord but provides little information about the spinal cord sub-
stance. MR imaging is clearly the method of choice for demonstration of spinal
cord abnormalities such as:

) syringomyelia or hydromyelia
) ischemic changes
) myelopathy associated with multiple sclerosis
) spinal cord tumors

The imaging protocol typically includes the intravenous injection of contrast
media. The imaging protocol is adapted to the spinal cord, which commonly
means the addition of more imaging planes. In order to cover larger regions, slice
thickness in the axial plane may be increased in comparison to the protocols
aimed at imaging of disc disease. On the other hand, slice thickness in the sagittal
plane may be reduced for reduction of partial volume artifacts at the borders of
the spinal cord.

Recapitulation

Standard radiographs. These represent the basis of
spinal imaging. Conventional film/screen combina-
tions are increasingly being replaced by digital sys-
tems. Computed radiology (CR) systems use casset-
tes with X-ray-sensitive phosphor plates and digital

radiography (DR) systems use flat panels, directly
transforming X-ray energy into digital signals. Up-
right anteroposterior and lateral radiographs are
the basis of imaging. Additional projections (includ-
ing oblique radiography, Barsony’s view) have lost
their importance due to the increasing role of cross-
sectional imaging. Lateral positional radiographs

in flexion and extension may be used for assessing
instability but are rarely diagnostic. Whole spine ra-

diographs should only be used after careful consid-
eration of the indication (mainly in scoliosis) due to
the involved radiation dose.

MR imaging. This is the second most commonly
employed imaging method in assessing spinal dis-
orders. 1.5-Tesla scanners with tunnel-shaped mag-
nets are typically employed. High-field scanners
with 3.0 T or higher field strengths are increasingly
available. They provide higher spatial resolution,
better signal-to-noise ratio and shorter acquisition
times. For adequate imaging of the spine, dedicat-
ed coils have to be employed. A number of different
designs are available which are placed underneath
the body. With increasing distance from these sur-

face coils, signal and image quality decreases.
Therefore, designs with both dorsal and ventral ele-
ments are available. Standard T1 W and T2 W sagit-

tal sequences, as well as axial T2 W sequences, pro-
vide a basis for MR imaging of the spine. In the cer-
vical spine, gradient-echo sequences may be pref-
erable in the axial plane because they produce few-
er flow-related artifacts. Occasionally, intravenous

injection of MR contrast agents is necessary. They
typically produce increased signal on T1 W se-
quences and are most commonly used in suspect-
ed tumors, demyelination, infection (spondylitis,
spondylodiscitis or soft tissue infection), spontane-
ous intraspinal hemorrhage for demonstration of
vascular malformations, and inflammatory rheuma-
tological disorders; and for assessing the postoper-
ative spine. MR imaging is contraindicated in the
presence of cardiac pacemakers, neurostimulators,
insulin pumps, inner ear implants and certain me-
tallic fragments. Implants used for spinal surgery do
not represent contraindications for MR imaging,
however, although image quality may be degraded
due to susceptibility artifacts.

Computed tomography. CT demonstrates bony

details with a high spatial resolution. In plane reso-
lution of CT (pixel size) is approximately
0.25 – 0.5 mm, which is superior to MR imaging. In
addition, CT does not interfere with pacemakers
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and other electronic devices. CT suffers from arti-
facts different from those in MR imaging, the so-
called beam-hardening artifacts. However, CT is no
longer competitive with regard to soft tissue abnor-
malities and is also associated with quite impressive
radiation to the patient.

Additional imaging studies. Myelography has few
remaining indications such as the presence of
metallic implants interfering with both MR imaging
and CT. Ultrasonography may occasionally be
employed for assessment of paravertebral soft tis-
sue and vessels. Nuclear medicine studies are use-
ful for the determination of activity and location of
bone abnormalities.

Choice of imaging methods for the most common

indications. In acute low back pain, imaging is not

recommended during the first 6 weeks unless
infection or tumor is suspected and unless radicular
symptoms are present. After 6 weeks, standard
radiographs are performed, which answer ques-
tions such as degeneration of disc space and facet
joints and congenital abnormalities. Typically, MR
imaging is required for further diagnosis (disc
degeneration, nerve root compromise, facet joint
osteoarthritis, spinal canal stenosis, spondylodisci-
tis and tumors). Suspected spinal cord and cauda

equina compression require immediate MR imag-
ing. In acute trauma, imaging starts with standard
radiographs. If they demonstrate a fracture or are

equivocal, CT with multiplanar reformations is
employed. CT has even been suggested as a primary
examination, especially in polytraumatized pa-
tients. MR imaging is useful in demonstrating herni-
ated disc material and other soft tissue abnormali-
ties. In chronic low back pain, standard radiographs
are typically obtained initially, followed by MR imag-
ing, which is mainly used for disc degeneration,
endplate changes and spinal canal and foraminal
stenosis and even for facet joints. In postoperative

imaging, standard radiographs demonstrate spinal
deformity, the position and signs of loosening of
implants as well as degeneration in segments adja-
cent to spinal fusion. CT more precisely demon-
strates metallic implants and bony fusion. MR imag-
ing is most useful in suspected recurrent disc herni-
ation, epidural scars, intradural hematoma, epidural
or soft tissue abscess and dural fistula. In the so-
called “whiplash injury” standard radiographs are
obtained initially. In the case of fractures, CT is per-
formed. Otherwise, a multidisciplinary work-up
starting within 6 weeks has been recommended. In
pain relating to the sacroiliac joint standard radio-
graphs are useful in advanced stages of disease. CT
best demonstrates intra-articular bone bridging in
ankylosing spondylitis. In systemic inflammatory
disease, MR imaging is increasingly being used. In
spinal cord abnormalities MR imaging is clearly the
method of choice, typically with intravenous injec-
tion of contrast media.
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using the grading system and algorithm presented in this investigation.

Brant-Zawadzki MN, Jensen MC, Obuchowski N, Ross JS, Modic MT (1995) Interob-
server and intraobserver variability in interpretation of lumbar disc abnormalities. A
comparison of two nomenclatures. Spine 20:1257–1263
The most common disagreement was for normal versus bulge. Herniation was read in
23% of the asymptomatic subjects. Experienced readers using standardized nomencla-
ture showed moderate to substantial agreement with interpreting disc extension beyond
the interspace on magnetic resonance imaging.

Mullin WJ, Heithoff KB, Gilbert TJ Jr, Renfrew DL (2000) Magnetic resonance evaluation
of recurrent disc herniation: is gadolinium necessary. Spine 25:1493–1499
In nine interpretations wherein the readers thought that a contrast-enhanced examina-
tion might provide useful additional information, they did not change their interpreta-
tions in three cases, improved their interpretations in two, and made their interpretations
worse in four on the basis of the addition of the enhanced images.
Routine use of contrast-enhanced examinations in patients who have had prior lumbar
surgery probably adds little diagnostic value and may be confusing.
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10
Spinal Injections

Massimo Leonardi, Christian W. Pfirrmann

Core Messages

✔ Morphological alterations in imaging studies of
the spine are very common and it is difficult to
differentiate symptomatic and asymptomatic
alterations

✔ Spinal injections are used for diagnostic man-
agement of spinal pain to determine which
morphological alteration could be a source of
pain

✔ Spinal injection techniques are used for treat-
ment of various spinal disorders as an adjunct
to non-operative care

✔ Discography may be helpful in distinguishing
asymptomatic from symptomatic disc degener-
ation (discogenic pain)

✔ Facet joint blocks are used as a diagnostic tool
to differentiate symptomatic from asymptom-

atic facet joint alterations and as a therapeutic
means to eliminate pain presumably arising
from the facet joints (facet syndrome)

✔ Cervical and lumbar nerve root blocks as a
diagnostic tool are helpful to verify the site and
cause of the radiculopathy

✔ Cervical and lumbar nerve root blocks as a ther-
apeutic tool are an effective treatment for the
management of painful radiculopathy

✔ In cases of multilevel involvement or non-spe-
cific leg pain, epidural blocks may be used for
pain alleviation

✔ Sacroiliac joint infiltration represents a diagnos-
tic means to identify this joint as a source of
buttock pain

Rationale for Spinal Injections

Local spinal pain and radiculopathy are very common conditions which affect
most of the population worldwide at some time in their lives. The lifetime preva-
lence ranges from 60% to 90% [26]. An initial treatment program consists of rest,
oral medication with analgetic-anti-inflammatory agents, and physical therapy.
But, in 10–20% of these patients pain persists or recurs and quality of life is
impaired, requiring further treatment. At this point evaluation for an anatomical
etiology of pain is considered; the imaging studies of choice are usually plain
radiographs and MRI.

Morphological alterations

are common findings in

asymptomatic individuals

The results of these tests must be correlated to the clinical investigation,
because there is a high prevalence of morphological alterations in the spine in
asymptomatic individuals, indicating that the correlation between pain and
structural abnormality is weak [12].

There are only a few structural abnormalities which do not often occur in
asymptomatic individuals [128], i.e.:

) nerve root compression
) large disc extrusion and sequestration
) moderate to severe facet joint alterations
) moderate to severe endplate changes
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The diagnostic accuracy

of imaging studies is limited

in neck and back pain

However, the vast majority of patients with back and neck pain present with no
or only minor structural alterations (e.g. disc protrusion, minor nerve root com-
pression and mild facet joint osteoarthritis). The same alterations can be found
with high prevalence in an asymptomatic population [5, 6, 12, 56]. The predictive
value of MRI in diagnosing symptomatic disc alterations is therefore limited [12].
Spinal injection studies have been advocated to differentiate a symptomatic from
an asymptomatic lesion because of the low positive predictive value of imaging
studies [56, 74, 110].

The rationale for spinal injections is therefore either to:

) provoke spinal pain or
) eliminate spinal pain

The rationale of injection

studies is to eliminate or

provoke the patient’s pain

which is presumably related to the target spinal structure. A large number of
studies have accumulated in the literature which describe application, techniques
and potential benefits. However, the lack of a clear understanding of the pain
pathogenesis and therefore a missing gold standard makes it difficult to decide
on the diagnostic impact of these injections [11, 96].

Injection studies can have

a therapeutic effect

The frequent use of spinal injections as a diagnostic tool has indicated that
these injections may also have a therapeutic value. The second rationale is to use
spinal injections to support non-operative treatment in patients suffering from
nerve root compromise, spinal stenosis, or facet joint osteoarthritis. However,
debate continues whether the rationale for the use of spinal injections is evidence
based [80, 119, 124]. Despite the widespread use of these spinal injections, their
application is widely based on anecdotal experience and at best is evidence
enhanced but definitely is not evidence based.

Lumbar and Cervical Nerve Root Blocks

Selective nerve root blocks (SNRBs) were first described by Macnab [67] and co-
workers in 1971 as a diagnostic test for the evaluation of patients with negative
imaging studies and clinical findings of nerve root irritation.

Radiculopathy is caused

by a combination of

mechanical compression

and inflammation

The high prevalence of asymptomatic disc herniations [6, 12, 13, 56] is often
a prompt for a verification of the morphological correlate for equivocal radicu-
lar pain. Pain pathogenesis in cases with nerve root compromise is caused not
only by a mechanical compression but also by a chemical irritation due to pro-
inflammatory cytokines [17, 18, 83–85]. The rationale for nerve root blocks is
therefore to tackle the inflammatory component of the nerve root compromise

Nerve root blocks tackle the

inflammatory component

of radiculopathy

[83–85]. The peri-radicular foraminal nerve root block is always performed
under image intensifier control, allowing for a direct application of the anti-
inflammatory agent to the target nerve root [87]. The objective of a therapeutic
selective nerve root block is not to cure the patient by interfering with pathoge-
netic factors that are responsible for sciatica but rather to provide temporary
relief from peak pain during the time required for spontaneous resolution of
radiculopathy.

Indications

Indications for selective nerve root blocks are applied for a diagnostic as well as
a therapeutic purpose (Table 1).
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Table 1. Indications for selective nerve root blocks

Diagnostic indications
) equivocal radicular leg or arm pain
) discrepancy between the morphological alterations and the patient’s symptoms
) multiple nerve root involvement
) abnormalities related to a failed back surgery syndrome

Therapeutic indications
) acute radicular leg or arm pain in the absence of major neurological deficits
) subacute radiculopathy not responsive to non-operative care
) mild to moderate foraminal stenosis

Technique

Perineural infiltrations are

performed at the foraminal

exit

It must be stressed that injections into the nerve root must be avoided because of
the potential risk of permanent nerve root damage. The injection which is rec-
ommended is a perineural infiltration. The treatment agent used for this proce-
dure varies between studies. Most authors use a mixture of 2 ml 0.25% bupiva-
caine and 40 mg methylprednisolone [57, 81, 91]. Others have used 1.5 ml 2%
lidocaine with 9 mg betamethasone acetate [65]. There is no study to suggest
which is best in terms of treatment outcome. We report here the techniques
which work best in our hands.

Lumbar Nerve Root Blocks

Lumbar nerve root blocks

are done under fluoroscopy

control

The standard technique is an outpatient procedure without premedication
which can be done either in a radiology suite or an operating theater. The
patients lie prone, with the injected side elevated approximately at a 30° angle.
The final degree of rotation is determined with fluoroscopy. The goal of position-
ing is to allow for a perpendicular needle tract towards the classic injection site
underneath the pedicle. The so-called safe triangle is defined by the pedicle
superiorly, the lateral border of the vertebral body laterally, and the outer margin
of the spinal nerve medially (Fig. 1). After skin disinfection, a local anesthetic is
administered using a 25-gauge needle. With fluoroscopic guidance, a 22-gauge
needle is then advanced through a shorter 18-gauge needle to the region of the
safe triangle. For accessing the L5 and S1 nerve root the standardized technique
is adapted slightly. For the L5 root, the needle usually has to be tilted in a cranio-
caudal direction in order to bypass the iliac wing. The S1 infiltration is per-
formed through the dorsal S1 foramen. The needle position is checked with
biplanar fluoroscopy, followed by an injection of 0.3 ml of contrast material.
Anteroposterior spot radiographs are obtained for the documentation of the
contrast material distribution. Two milliliters of 0.2% ropivacaine and 40 mg of
triamcinolone are slowly injected.

Pain and neurology must

be assessed prior to and

after the block

After the procedure, the subjective perception of numbness in the dermatome
is regarded as a quality control for a correct injection and should be noted. Some-
times muscle weakness occurs in accordance with the innervation pattern. Pain
relief should be assessed prior to and 15–30 min after the injection using a visual
analogue scale.

Cervical Nerve Root Blocks

Cervical nerve root blocks

should be done under

CT fluoroscopic guidance

We recommend performing cervical foraminal injections with CT fluoroscopic
guidance to improve safety (Fig. 2). Misplacement of the needle can have deleteri-
ous consequences. The patient lies supine, with the head turned to the contralat-
eral side. After skin disinfection and administration of local anesthetics, a
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Figure 1. Lumbar nerve root block

The needle is positioned in the so-called “safe triangle”
directly underneath the pedicle but superior and lateral to
the existing nerve root. The image shows correct needle
placement and an indirect radiculography.

Figure 2. Cervical nerve root block

CT guidance for cervical facet nerve root blocks is pre-
ferred because of the spatial relationships to the spinal
cord to avoid neurological damage. The image shows a
CT-guided nerve root block after application of contrast
medium at the foramen intervertebrale C5/6.
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22-gauge needle is introduced under fluoroscopic guidance by using a lateral or
slightly anterolateral approach dorsal to the large cervical vessels. The needle is
aimed at the posterior border of the neural foramen, dorsal to the vertebral
artery. Initially, 0.3 ml of iopamidol is injected to verify the correct position of the
needle tip. The intraforaminal distribution of the contrast material is docu-
mented with a single CT-fluoroscopic scan. A maximum of 40 mg of crystalloid
corticosteroid suspension-triamcinolone plus 1 ml of 0.2% ropivacaine is slowly
injected. Pain relief should be assessed prior to and 15–30 min after the injection
using a visual analogue scale.

Complications

Complications are rare after

lumbar nerve root blocks

Complications associated with nerve root blocks are rare. However, the following
complications have been reported [14, 52]:

) transient non-positional headache (3.1%)
) increased backache (2.4%)
) increased leg pain (0.6%)
) facial flushing (1.2%)
) vasovagal reaction (0.3%)
) hypertension (0.3%)
) increased blood sugar (0.3%)
) dural puncture

Houten et al. [51] presented three cases with persisting paraparesis and paraple-
gia which occurred immediately after administration of a lumbar nerve root
block. In each instance, penetration of the dura was not thought to have
occurred. The sudden onset of neurological deficit and the imaging changes
pointed to a vascular causation. A devastating complication reported by Rozin et

Cervical nerve root blocks

may result in spinal cord

injury

al. [95] described a case of a death associated with a C7 cervical nerve root block
performed in a 44-year-old female. The patient died of massive cerebral edema
secondary to the dissection of the left vertebral artery and subsequent thrombo-
sis due to the perforation of that artery by a 25-gauge spinal needle. Brouwers et
al. [15] described a case of a 48-year-old man who underwent diagnostic C6
nerve root blockade. Immediately following the uneventful procedure he devel-
oped an MRI-proven fatal cervical spinal cord infarction. The authors suggest
that the infarction resulted from an impaired perfusion of the major feeding
anterior radicular artery of the spinal cord.

Diagnostic and Therapeutic Efficacy

Nerve root blocks allow

for a rapid pain reduction

Selective nerve root blocks are useful tools in the diagnosis of radicular pain in
atypical presentation, especially when the clinical presentation does not correlate
with imaging study. This can be the case when the root is compressed only under
load. Diagnostic help is also provided in cases of multilevel disease. The thera-
peutic effect lies mainly in an immediate pain reduction (Table 2). If there is an
inflammatory component, pain resolution will last for a few weeks and could be
permanent because of the benign natural course of this disease.

Lumbar Nerve Root Blocks

Selective lumbar nerve root blocks were originally used with contrast agent and
lidocaine and aimed to differentiate different sources of leg pain in an equivocal
clinical situation [67]. Frequently, it is not possible to localize exactly the com-
promised nerve root either by clinical neurological examination or by imaging
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Table 2. Therapeutic efficacy of nerve root injections

Author/year Study design Technique Patients Indication Follow-up Outcome

Weiner et al.
1997 [126]

cohort pro-
spective single
blinded, uncon-
trolled

lumbar forami-
nal injection

30 lumbar radicu-
lopathy

3, 4 y 78.5 % improved at 3, 4 y

Lutz et al.
1998 [65]

open study
prospective
blinded, uncon-
trolled

lumbar transfo-
raminal

69 sciatica due to
disc herniation

80 w 75 % positive outcome

Riew et al.
2000 [91]

prospective,
randomized,
double blind

nerve root
injection bupi-
vacaine with/
without beta-
methasone

28 vs 27 lumbar radicu-
lar pain

13 – 28 m 20 improved vs 9, 8 vs 18
had operation (significant
difference)

Kolsi et al.
2000 [60]

prospective,
controlled dou-
ble blind

transforaminal
vs interspinous

17 vs 13 sciatica 7 and 28 d significant benefit in both,
mean pain score fell from 70
to 26 vs 63 to 23, no differ-
ences

Pfirrmann et
al. 2001 [86]

cohort, pro-
spective

lumbar SNRB 36 sciatica 2 w pain relief in 86 %

Karppinen et
al. 2001 [57]

randomized,
double blind

lumbar perira-
dicular steroid
infiltration vs
saline

160 unilateral sci-
atic pain for
1 – 6 months

2 w, 3 and
6 m, 1 y

after 2 w significant benefit
for leg pain, spinal mobility
and patient satisfaction in
steroid group, 65 % improve-
ment in both groups late

Narozny et
al. 2001 [79]

cohort, retro-
spective

lumbar, perira-
dicular steroid
+ bupivacaine

30 monoradicular
leg pain with
unequivocal
morphological
correlate

immediate
(1 – 4 d),
2 – 3 w, and
mean 16 m

87 % rapid pain regression,
60 % permanent pain resolu-
tion

Vad et al.
2002 [119]

prospective,
randomized
not blinded

transforaminal
vs trigger
points with
saline

25 vs 23 lumbosacral
radiculopathy
due to HNP

16 m 84 % improvement (mean
Roland Morris score, VAS, fin-
ger floor distance, patient
satisfaction) in transforami-
nal vs 48 % in trigger points

Thomas et al.
2003 [117]

randomized,
double blind

transforaminal
vs interspinous
epidural

16 vs 15 discal radicular
pain

6 and 30 d,
6 m

significantly better pain relief
on Dallas pain scale in the
transforaminal group at all
end points

Ng et al.
2004 [81]

cohort, pro-
spective

lumbar selec-
tive nerve root
block

55 LDH,
62 steno-
sis

unilateral radic-
ular pain

6 and 12 w no statistical difference in
VAS improvement 57 % vs
37 %, statistically better out-
come in functional outcome
for LDH

Note: d = day, w = week, m = months

studies. This is particularly valid for multilevel nerve root compromise shown by
MRI. Numerous studies [28, 36, 112, 122, 126, 132] have shown that nerve root

Postinjection pain relief

is indicative of the

involvement of the target

nerve root

blocks are helpful in cases where this close correlation is lacking. In the case of a
positive response (i.e. resolution of leg pain), the nerve root block allows the
diagnosis of the affected nerve root with a sensitivity of 100% in cases with disc
protrusions and with a positive predictive value of 75–95% in cases of foraminal
stenosis [28, 122]. Only a few controlled studies analyzing the therapeutic effi-
cacy of selective nerve root blocks have been published (Table 2).
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Cervical Nerve Root Blocks

Similarly to the lumbar spine, cervical disc herniation or spondylosis can cause
discogenic or foraminal osseous nerve root compression, resulting in cervical
radiculopathy with or without neurological compromise. However, there are only
a few studies regarding selective cervical nerve root blocks. In 60 patients with
cervical radiculopathy, Strobel et al. [114] investigated whether magnetic reso-
nance imaging findings can predict pain relief after CT-guided cervical root

Patients with foraminal

compromise appear

to have the best outcome

nerve block. The mean percentage of pain reduction (VAS) was 46%. Patients
with foraminal disc herniation, foraminal nerve root compromise, and no spinal
canal stenosis appear to have the best pain relief after this procedure.

Berger et al. [4] performed CT-guided foraminal injections and reported
effective long term pain relief in 11 of 18 patients with cervical radiculopathy
(61%). In a retrospective study, Slipman et al. [107] investigated fluoroscopically
guided cervical nerve root block in 20 patients with cervical spondylotic radicu-
lar pain. An overall good or excellent result was observed in 12 (60%) patients.
The authors concluded that there is a role for SNRB in the treatment of atrauma-
tic cervical spondylotic radicular pain.

In a prospective cohort study presented by Vallee et al. [121], 30 patients with
cervical radicular pain of more than 2 months duration due to foraminal stenosis
were given transforaminal injection of steroids. After 3 months, 29% of patients
had complete pain resolution. They observed complete or more than 75% pain
relief in 53% of patients at 6 months. After 12 months 20% had complete pain
relief.

Epidural and Caudal Blocks

Multisegmental neural

compromise may be treated

with epidural blocks

Treatment of cervical and lumbar pain syndromes via an epidural injection of
corticosteroids was first described in 1952 [92]. Cervical epidural corticosteroid
injection was first mentioned in 1972 by Winnie [133] but has not found wide-
spread application, probably because of the fear of complications. The rationale
for epidural injections is comparable to those for nerve root blocks and aims to
diminish the inflammatory component of a neural compromise. Epidural injec-
tions include a variety of injection techniques such as caudal (sacral), interlami-
nar lumbar and cervicothoracic. In contrast to the selective nerve root blocks,

The spatial pharmacological

effect is difficult to control

epidural steroid injections have the drawback that the pharmacological agent has
to diffuse to the site of inflammation and there is no guarantee that it does so.

Indications

In cases with multilevel involvement or non-specific leg pain the epidural route
has some advantages compared to selective nerve root blocks (Table 3).

Table 3. Indications for epidural/caudal steroid injections

) multilevel nerve root compromise
) equivocal cases with abnormal radicular leg pain
) central spinal stenosis
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Technique

Lumbar Blocks

The preferred level is one level above the target level. Other authors favor the level
which corresponds to the segment of origin of the patient’s symptoms. One or

Steroid injections

are possible via the epidural

as well as the sacral route

two percent anesthetic agent is injected to anesthetize the needle track. Using an
interlaminar approach, a 22- or 25-gauge spinal needle is advanced between the
spinous processes of the target level. Aiming at the upper edge of the lower lam-
ina, the needle is inserted into the posterior epidural space with or without fluo-
roscopic control depending on one’s personal experience with this technique.
The location is confirmed using a small amount of contrast material.

Caudal Epidural Blocks

Alternatively a caudal approach placing the needle into the sacral hiatus is used.
This technique is relatively easy to perform. However, as the sacral epidural space
must be filled before solutions can be delivered into the target region, large vol-
umes are required. Furthermore, it has been shown that the sacral epidural space
can be blocked in a considerable proportion of patients [33]. It is strongly recom-
mended to use a small amount of contrast medium to ensure that the steroid is

The correct needle position

should be documented

by contrast agent

administration

applied in the epidural space. Employing contrast agents, the specialist may doc-
ument whether the drug has reached the potential pain generator. Patients are
asked to rate their pain before and after the procedure on a visual analogue scale.
However, the steroid injection may take several days to be effective. Therefore,
the assessment of the pain level directly after the injection is unreasonable.

Cervicothoracic Blocks

The patient is placed prone and the skin is draped in sterile fashion. The C-arm
fluoroscopic axis is angled 10° to 15° off midline and caudal for this alignment.
The entry point is 1–2 cm from the midline, slightly caudal to the interlaminar
gap, normally at C7/T1 or C6/7. After local anesthesia of the skin a spinal needle

Do not inject anesthetic

agents in cervical blocks

(22 or 25 gauge) is advanced with cephalad angulation into the dorsal midline
epidural space. After confirmation of the right position the steroid injection is
performed. Anesthetic agent is not injected into the cervicothoracic space to
avoid the risk of a high cervical anesthesia.

Complications

Although complications are possible with any invasive procedure, reports on
series of thousands of lumbosacral epidural steroid injections reveal that they are
relatively safe. However, serious complications such as epidural abscess, arach-
noiditis, epidural hematoma, cerebrospinal fluid fistula, paraparesis and death
have been reported [14, 15, 30, 51, 131].

Therapeutic Efficacy

Most reports in the literature are of uncontrolled, retrospective observational
studies (Table 4). Despite major methodological flaws the average success rate of

The therapeutic effect is

often only short term

epidural injections is in the order of 70% [59]. The efficacy of epidural steroid
blocks is short term and minor in comparison to selective infiltration due to lack
of a determined target.
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Table 4. Therapeutic efficacy of epidural injections

Author/
year

Study design Technique Indication Patients Follow-
up

Outcome

Beliveau
1971 [3]

controlled, ran-
domized

epidural caudal pro-
caine + steroid vs
procaine

sciatica 24 vs 24 1 w, 3 m no significant improve-
ment 18 vs 16 patients

Dilke et al.
1973 [35]

controlled, pro-
spective ran-
domized, double
blind

lumbar translaminar
saline + steroid vs
saline alone

unilateral
sciatica

44 vs 38 3 m significantly less pain in
steroid group (40
improved vs 28)

Snoek et
al. 1977
[111]

controlled, pro-
spective ran-
domized, double
blind

lumbar translaminar
steroid vs saline

sciatica due
to nerve
root com-
pression

27 vs 24 3 d no difference LBP (33 vs
25 %), radicular pain (26
vs 13 %), sciatic nerve
stretch (36 vs 25 %)

Yates 1978
[135]

randomized,
double-blind,
patient acted as
his own control

steroid with/without
lignocaine vs saline
with/without ligno-
caine, each patient 4
injections

low back
pain, sciat-
ica

150 injections,
analysis of 49
injections in
20 consecu-
tive patients

immedi-
ately,
after
30 min

steroid groups better
than without steroid in
straight leg raising

Klenerman
et al. 1985
[58]

controlled, pro-
spective ran-
domized, double
blind

lumbar translaminar
saline + steroid vs
saline/bupivacaine

sciatica 19 vs 16 2 m benefit 15 vs 11 pts., no
significant difference

Cuckler
et al. 1985
[34]

controlled, pro-
spective ran-
domized, double
blind

lumbar translaminar
steroid + procaine vs
saline + procaine

clinical and
radiograph-
ic nerve
root com-
pression

42 vs 31 1 d and
13 – 30 m

early improvement 42 %
vs 44 %, no significant
difference in both
groups

Matthews
et al. 1987
[71]

controlled, pro-
spective ran-
domized, double
blind

epidural caudal ste-
roid + bupivacaine vs
lignocaine subcuta-
neous

sciatica 23 vs 34 1, 3 m,
1 y

after 1 m no significant
difference (67 vs 56 %),
after 3 m steroid group
significantly better

Ridley
et al. 1988
[90]

controlled, pro-
spective ran-
domized, double
blind

lumbar translaminar
saline + steroid vs
saline

low back
pain +
sciatica

19 vs 16 2 w, 6 m after 2 w significant pain
relief in steroid group
(90 % vs 19), late none

Glynn
et al. 1988
[45]

randomized,
double blind

epidural bupivacaine
+ morphine vs bupi-
vacaine + clonidine

low back
pain

10 vs 10 3 h no statistical difference

Rocco
et al. 1989
[93]

randomized,
double blind

epidural translaminar
lignocaine + steroid vs
lignocaine + steroid +
morphine, vs ligno-
caine + morphine

low back
pain

8 vs 7 vs 7 1, 6 m after 1 m mean VAS
improvement 0.6 vs –0.6
vs 0.4, after 6 m
improved 1 pt. vs 0 vs 0

Bush et al.
1991 [19]

prospective ran-
domized, double
blind

caudal epidural ste-
roid + procaine vs
saline

lumbar
nerve root
compro-
mise

12 vs 11 4 w, 1 y significant pain relief and
better mobility after 4 w,
at 1 y no benefit

Serrao
et al. 1992
[105]

randomized,
double blind

epidural interlaminar
saline + steroid +
dextrose vs saline +
midazolam + dex-
trose

mechanical
low back
pain

14 vs 14 <2 w,
2 m

early benefit 3 vs 10,
after 2 m 5 vs 7, signifi-
cantly less medication in
control group

Carette
et al. 1997
[20]

prospective ran-
domized, double
blind

lumbal translaminar low back
pain, radic-
ular pain

78 vs 80 6 w, 3 m early benefit = better spi-
nal mobility, less radicu-
lar pain, lower sensitivity
dysfunction, at 3 m no
difference
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Table 4. (Cont.)

Author/
year

Study design Technique Indication Patients Follow-up Outcome

Fukusaki
et al. 1998
[43]

randomized,
single blind

epidural translami-
nar saline vs anes-
thetic vs anesthetic
+ steroid

uni- or bilateral
pseudoclaudi-
cation due to
stenosis

16 vs 18
vs 19

1 w, 1 m,
3 m

early benefit with anesthetic
alone, steroids no effect

Buchner
et al. 2000
[16]

prospective
randomized,
double blind

lumbar epidural
methylprenisolone
+ bupivacaine vs
nothing

sciatica due to
LDH

17 vs 19 2 w, 6 w,
6 m

after 2 w VAS, straight leg rais-
ing, functional status better in
the steroid group, no differ-
ence after 6 w and 6 m

McGregor
et al. 2001
[73]

prospective
randomized

interlaminar vs cau-
dal route

low back pain
and leg pain

19 vs 17 6 m no benefit

Valat et al.
2003 [120]

randomized,
double blind

translaminar epidu-
ral, steroid vs saline

sciatica 42 vs 43 20 d, 35 d after d 20: improvement 51 %
vs 36 % (not significant), after
d 35: 49 % vs 48 % success

Note: d = day, w = week, m = months

Lumbar Epidural Blocks

The therapeutic effect

is not well based

on scientific evidence

Koes et al. [59] reviewed 12 randomized clinical trials on the efficacy of lumbar
epidurally steroid injections for low back pain and sciatica. Of the four method-
ologically better studies, two reported positive outcomes and two reported nega-
tive results. Overall, only six studies indicated that the epidural steroid injection
was more effective than the reference treatment and six reported there was no
better or worse efficacy than the reference treatment. The author concluded that
the benefits of epidural steroid injections, if any, seem to be of short duration
only [59]. Watts et al. [125] performed a meta-analysis of 11 placebo-controlled
trials on the efficacy of epidural steroid injections in the treatment of sciatica.
The methodological quality of the trials was considered generally to be good for
the five studies that scored the maximum number of points. Improvement of at
least 75% or reduction in pain was considered to be a clinically useful response.
Watts et al. [125] concluded that epidural steroid injections are effective in the
management of patients with sciatica [125].

The controversy regarding the efficacy of epidural steroid injections is partly
due to the methodological and technical flaws [59, 65]. According to Cluff et al.
[32], there is no consensus as to the ideal method to perform epidural injection
of steroids. No recommendations can be based on the literature in terms of the
ideal dose and type of steroid [32].

Cervical Epidural Blocks

The few clinical outcome studies for cervical epidural steroid injection showed
similar success rates and exhibit similar methodological flaws to the publications
that focused on lumbar regions [27, 29, 40, 69, 94]. Stojanovic et al. [113] ana-

The “loss of resistance” tech-

nique does not suffice for a

correct needle placement

lyzed the role of fluoroscopy in cervical epidural steroid injections. In 38 epidu-
rograms of 31 patients the loss of resistance technique was found to be false posi-
tive in 53%. They concluded that the loss of resistance technique may not be an
adequate method for accurate needle placement in blindly performed cervical
epidural injections. Rowlingson and Kirschenbaum found that patients with cer-
vical radiculopathy who exhibited a dermatomal pattern of sensory loss were
very likely to benefit [94]. In a study of 58 patients, Cicala et al. [31] reported 41%
excellent and 21% good results after 6 months. In the absence of controlled ran-
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domized studies on cervical epidural steroid blocks, the value of this procedure
remains undetermined.

Provocative Discography

Provocative discography

distinguishes symptomatic

and asymptomatic disc

degeneration

In the pre-MRI era, discography provided an excellent assessment of the intradis-
cal structure which was not possible with any other imaging modality at that
time (Fig. 3). Discography has been used as the basis of the diagnosis of disco-
genic pain. Today, the role of discography lies not so much in an assessment of the
disc structure but rather in the possibility of provoking pain which can be com-
pared to the patients’ symptoms. The mechanism of pain provocation during dis-
cography is largely unknown. It is hypothesized that pathological metabolites
such as neuropeptides or cytokines are expelled from the disc during discogra-
phy and cause nociception at the outer annular nerve fibers that are innervated,
resulting in pain [17, 127]. So far, discography remains the only method to differ-
entiate symptomatic and asymptomatic disc degeneration.

Discography remains

controversial

However, debate continues on the diagnostic value of discography because of
a lack of understanding of pain pathogenesis [22–24, 78, 123].

Indications

In our service, patients are only selected for provocative discography if they are
potential candidates for surgery, i.e. the diagnostic test will influence treatment
strategy. Provocative discography is indicated to differentiate symptomatic from
asymptomatic disc alterations and less frequently in cases with equivocal neural
compression caused by a minor disc protrusion or in the presence of annular
tears (Table 5).

Figure 3. Provocative discography

Image showing a “normal” disc at level L4/5 (Adams I) and
severe disc degeneration with contrast medium in the spi-
nal canal of L5/S1 (Adams V).
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Table 5. Indications for provocative discography

Differentiation of symptomatic and asymptomatic disc alterations
) Disc degeneration
) Annular tears (high intensity zones)
) Endplate changes (modic changes)
) Minor disc protrusions with questionable nerve root compromise

Technique

Inject an MRI normal disc

as a negative control

Discography should be performed by a spine specialist or a dedicated radiologist
with experience of the diagnostic assessment of spinal disorders. It is mandatory
that the patient is awake during the procedure to allow for communication about
the injection response. However, mild sedation is helpful during the procedure.

Lumbar Discography

In lumbar discography the posterolateral approach is widely accepted as the
technique of choice. A double needle technique (with a short 18-gauge external
and an internal 22-gauge needle) is widely recommended [48, 116]. In patients
with unilateral pain, the needle is introduced from the contralateral side to dis-
tinguish between iatrogenic and genuine pain. The needle position is verified
under fluoroscopy in two planes. After accurate needle positioning, contrast
medium containing an iodine concentration of 300 mg/ml is injected into each
disc by using a 5-ml syringe. The amount of contrast agent injectable before leak-
age usually ranges from 0.8 ml to 3.0 ml before leakage [10]. Non-ionic contrast
agent is injected with a 5-ml syringe until firm resistance to the injection is felt,
until severe pain is provoked, or until contrast medium is seen to leak out of the

Pain provocation should

be graded as concordant

or non-concordant

disc into the spinal canal. During discography, the patient is asked to grade the
pain provoked on a visual analogue scale. The type of pain should be graded
according to the Dallas Discogram Description [97] as follows:

) no sensation
) pressure
) dissimilar pain
) similar pain, or
) exact pain reproduction

Discogenic pain is based

on the provocation of

concordant pain

Pain sensation occurring during discography is defined as concordant if the
patient had exact pain reproduction or felt similar pain. Accordingly, non-con-
cordant pain is defined as pressure, dissimilar pain sensation, or no pain provo-
cation. Evaluation of disc morphological characteristics is performed with con-
ventional radiographs by using the classification of Adams et al. [1]. The classifi-
cation includes five stages of disc degeneration distinguished by their morpho-
logical appearance on discograms:

) cotton ball (Type I)
) lobular type (Type II)
) irregular (Type III)
) fissured (Type IV)
) ruptured (Type V)

Types I and II are interpreted as non-degenerative discs and Types III–V as
degenerative discs.

It has been very helpful to include an MRI normal disc as an internal control.
In our practice, we only regard concordant pain predictive of discogenic pain
when the injection of the control level does not provoke pain [129].
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Thoracic Discography

Thoracic discography is performed under CT guidance on an outpatient basis.
The patient is placed in a prone position on the CT table. Following a scout film

Thoracic discography

should only be done under

CT guidance

of the thoracic spine the level of interest is scanned with a section thickness of
3 mm. After choosing the target thoracic disc, the CT-table position is adjusted.
The side opposite, if present, is chosen as the injection side, so as not to provoke
patient pain while advancing the needle. Under CT guidance a 25-gauge needle is
advanced into the target disc. After positioning of the needle in the center of the
disc, contrast medium (iopamidol, 1.5 cc) is injected and a CT discogram scan
performed. The patient is questioned about the pain provoked during injection
as mentioned above.

Cervical Discography

For this procedure, the patient lies supine with the neck in slight extension. The
neck is draped in a sterile fashion. By using a 22-gauge needle, through an ante-
romedial approach (medial to the m. sternocleidomastoideus), the needle is
advanced to the center of the disc under biplanar fluoroscopic control. The tra-
chea and esophagus remain medially and the carotid artery is palpated and dis-
placed laterally. The amount of contrast agent injected usually ranges from
0.3 ml to 1.0 ml. The pain response is assessed similarly to the lumbar proce-
dure.

Complications

Any needle technique carries with it the risk of infection, which appears to be
most relevant in cases of cervical and lumbar discography. The reported rate for
discitis after lumbar discography is in the order of magnitude of 0.25% [130].
Further complications are reported such as retroperitoneal hemorrhage, allergic
reaction, subarachnoidal bleeding, nerve root sheath injuries, or annular or end-

The rate of post-discography

discitis ranges between

0.16% and 0.37%

plate injections due to incorrect needle placement. Of 807 injected cervical discs,
Grubb et al. [47] had a rate of discitis of 0.37% corresponding to 1.7% patients
with discitis treated. In Zeidmann’s [136] review of 4400 diagnostic cervical dis-
cography cases, discitis occurred in 7 cases (0.16%).

Diagnostic Efficacy

In 1948 Lindblom [50] introduced discography as a morphological test to replace
or add information to myelography. Today the role of discography is related to a

Diagnostic accuracy is diffi-

cult to determine because

a gold standard is lacking

pain provocation test. The assessment of the diagnostic accuracy of provocative
discography for discogenic LBP is problematic since no gold standard is avail-
able. A reasonable practical approach is to include an adjacent normal disc level
as internal control [129]. Thus, a positive pain response would include an exact
pain reproduction at the target level and no pain provocation or only pressure at
the normal disc level. However, careful interpretation of the findings is still man-
datory with reference to the clinical presentation.

Lumbar Discography

In a prospective, controlled study, Walsh et al. [123] studied ten asymptomatic
volunteers and seven symptomatic patients with low back pain by lumbar discog-
raphy. In the asymptomatic individuals, the injection produced minimum pain
in 5 (17%) of the 30 discs and in 3 moderate to bad pain. The false-positive rate
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a

b
Figure 4. CT discography

Axial CT discogram showing contrast medium distribution within the intervertebral disc. a Sagittal view of CT/discogram
showing contrast medium extension to the margin of the disc. b Corresponding MRI of the disc

of 0% and a specificity of 100% led the authors to conclude that discography is a
highly reliable and specific diagnostic test for the evaluation of low back pain dis-
orders [123]. In 1999, Caragee et al. [24] reported on patients with no history of

The diagnostic value

of discography remains

a matter of debate

low back pain, who underwent posterior iliac crest bone graft. These patients
often experienced concordant pain on lumbar discography. However, this study
can be criticized because asymptomatic patients cannot perceive concordant dis-
cogenic pain. In 2000, Carragee repeated provocative discography in 26 older
subjects without history of low back pain [23]. They concluded that the rate of
false-positive discography may be low in subjects with normal psychological
testing and without chronic pain. Furthermore, Caragee and colleagues [23] per-
formed provocative discography in 20 asymptomatic patients who underwent
single level discectomy for sciatica. Forty percent injections were positive in discs
that had previous surgery.

Patients with low back pain who had lumbar fusion surgery based on positive
discograms have been shown to have only moderate results. Complete pain relief
was achieved only in a few cases. Successful clinical results ranged between
86.1% and 46%. This indicates that confounding factors other than morphologi-
cal alterations may play a more important role in predicting surgical outcome
(see Chapter 7 ).

CT discography (Fig. 4) represents a further step in the application of discog-
raphy and evaluation of the structure of the disc. The debate as to whether CT/
discography is superior to MRI because there is a theoretical advantage of CT/
discography over MRI in demonstrating the internal architecture of the disc has
not been conclusively answered. But, CT discography was found to have a higher
accuracy than pain provocation and plain discography, 87% vs 64% vs 58%
respectively [54, 55].

Thoracic Discography

Thoracic discography performed by experienced radiologists with CT guidance
is quite safe with a very low rate of complications. Similar to lumbar discography,
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it seems to be accurate in distinguishing painful symptomatic discs from asymp-
tomatic discs. Wood et al. performed four-level thoracic discography in ten
asymptomatic volunteers and compared the discograms with MRI studies. Three
of the 40 discs were reported as intensely painful, all exhibiting prominent end-
plate infractions typical of Scheuermann’s disease. Of the 40 discs studied, only
13 were judged to be normal morphologically on discography versus 20 on MRI.
The remaining 27 discs were abnormal, exhibiting endplate irregularities, annu-
lar tears, and/or herniations. Wood et al. studied concomitantly thoracic disco-
grams of ten adults with chronic thoracic pain. In this group 48 discs were ana-
lyzed, of which 24 were concordantly painful and 17 had non-concordant pain or
pressure. On MRI, 21 of the 48 discs appeared normal, whereas on discography
only 10 were judged as normal. The authors concluded that thoracic discography
detects pathologies which may not be seen on MRI [134].

Cervical Discography

Results of cervical

discography must be

interpreted carefully

Ohnmeiss et al. [82] studied 269 discs in patients with neck, shoulder and arm
pain by cervical discography. Comparing the pain responses during disc injec-
tion with radiological images, they found positive pain provocation in 234 radio-
graphically abnormal discs (77.8%). They pointed out that it is important not
just to assess pain intensity but to interpret the provoked pain in terms of its sim-
ilarity to clinical symptoms. Grubb et al. [47] reviewed their 12-year experience
with 807 injected cervical discs and found a 50% concordant pain response rate.
They concluded that cervical discography provokes concordant pain in multiple
discs and conclusions about which disc should be treated must be drawn cau-
tiously.

So far, provocative discography appears to be the only diagnostic test available
to differentiate symptomatic and asymptomatic disc degeneration allowing for a
direct relation of a radiological image to the patient’s pain [49, 129].

Facet Joint Blocks

Neck pain and low back

pain may be caused by

osteoarthritis of the facet

joints

Since the first report by Ghormley [44], facet joints have been recognized as a
predominant source of back pain. Their prevalence as a cause of low back pain
has been reported to vary greatly and to range from 7.7% to 75% depending on
the diagnostic criteria [21, 37, 53, 75–77, 99–104, 106]. Mooney and Robertson
[75] demonstrated that low back pain and referred pain could be provoked by
injection of hypertonic saline into the facet joints. Many authors today believe
that the diagnosis of a facet joint syndrome can be based on pain relief by an
intra-articular facet joint injection of an anesthetic or pain provocation by hyper-
tonic saline injection [25, 64, 70, 76].

Today, facet joint blocks are used as a diagnostic and/or therapeutic means to
eliminate pain presumably arising from the facet joints.

Indications

Similarly to disc degeneration, a differentiation of a symptomatic and asymp-
tomatic facet joint osteoarthritis based on imaging studies alone is not possible.
Therefore, facet joint blocks alleviating the patient’s symptoms presumably
resulting from alteration of the facet joints are the only modality to differentiate
symptomatic from asymptomatic states (Table 6).
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Table 6. Indications for facet joint blocks

) differentiating symptomatic from asymptomatic facet joint alterations
) short- to medium-term relief of back pain in patients with previous positive diagnostic

blocks

Technique

Lumbar Facet Joint Blocks

The blocks are performed under fluoroscopic guidance with the patient lying
prone. In order to visualize the lumbar joints either the patient is rotated and
supported in an oblique prone position or the X-ray beam is tilted accordingly.
The angulation is usually between 30° and 40°. After disinfection the skin over
the target joint is anesthetized with 2–3 ml of lidocaine. A spinal needle
(22 gauge) is then inserted in a lateromedial direction (parallel to the X-ray
beam) towards the joint. In obese patients, a double-needle technique is
employed where a 22-gauge needle is passed through a shorter 18-gauge needle.

Correct needle placement

should be documented by

contrast agent injections

Depending on the specific situation, either the mid point or rather the cranial or
caudal part of the joint is targeted. A minimal quantity of contrast medium
(<0.3 ml) is then injected under fluoroscopy to confirm the correct needle posi-
tion (Fig. 5). If an intra-articular application is not possible, a periarticular injec-
tion is performed. Needle placement and contrast distribution are documented
by standard radiographs. Subsequently, 1.0 ml of a mixture of local anesthetics
(Carbostesin or bupivacaine and steroids, e.g. 40 mg triamcinolone) is injected.
The patients are kept under surveillance for at least 15 min. All patients should be
asked to assess the amount of pain prior to and 15–30 min after the injection
using a visual analogue scale. Further follow-up information on the course of
pain relief is helpful in interpreting the results.

Spondylolysis Block

A special type of lumbar facet joint block is injection into the spondylolysis. This
can be accomplished by injecting the facet joint located superior to the spondylo-
lysis using the same technique as outlined above. Since the facet capsule is often
connected to the spondylolysis zone, a filling can be observed which can extend
to the inferior facet joint (Fig. 6).

Figure 5. Lumbar facet joint infiltration

Fluoroscopically guided lumbar facet infiltration docu-
menting the right position of the needles with correct
arthrography of the joint.
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Figure 6. Spondylolysis block

A correct spondylosis block is performed by injecting the
facet joints at the level of L4/5. Contrast medium is extend-
ing through the lysis into the facet joint L5/S1.

Cervical Facet Joint Blocks

We prefer the posterior approach for the cervical facet joints C3/4 to C6/7. The
entry point lies two segments below the target joint. The patient is positioned
prone on the fluoroscopic table. A spinal needle (22 gauge) is passed through the
posterior neck muscles until it strikes the back of the target joint. For safety rea-

CT guided cervical facet

blocks are relatively safe

sons, the CT guided fluoroscopy can be used (Fig. 7). The accurate placement of
the needle is confirmed by injection of 1 ml of contrast medium. Thereafter, the
steroid and anesthetic agent can be injected. Similarly to the lumbar spine, pain
relief is recorded prior to and 15–30 min after the injection using a visual ana-
logue scale.

Complications

Although complications are possible with any invasive procedure, reports on
series of thousands of facet joint injections reveal that they are relatively safe [68].
Any needle technique carries with it the risk of infection, which appears to be of

Complications of facet joint

blocks are rare

little relevance in cases of cervical and lumbar facet blocks. Complications are
reported such as retroperitoneal hemorrhage, allergic reaction, and nerve root
sheath injuries. There were some adverse effects like headache, nausea and pares-
thesiae, which are transient [70]. Obviously, side effects related to the pharmacol-
ogy of the anesthetic agent and corticosteroids are possible.
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Figure 7. CT-guided facet block

CT guidance for cervical facet joint blocks is preferred
because of the spatial relationships to the spinal cord to
avoid neurological damage. Image showing correct nee-
dle placement at the level of C5/6. Note the correct arthro-
graphy on both sides.

Diagnostic and Therapeutic Efficacy

Lumbar Facet Joint Blocks

Facet joint blocks tackle

symptomatic facet joint

osteoarthritis

Some authors suggest that a facet joint syndrome can be diagnosed based on pain
relief by an intra-articular anesthetic injection or provocation of the pain by
hypertonic saline injection followed by subsequent pain relief after injection of
anesthetics [25, 64, 70, 76]. Jackson et al. [53] investigated clinical predictors
indicative of the injection response but had to conclude that there were no clear
clinical findings. Similarly, Revel et al. [89] did not find any difference in the fre-
quency of the 90 variables examined between the responder and non-responder
groups. Uncontrolled diagnostic facet joint blocks are reported with a false-pos-
itive rate of 38% and a positive predictive value of 31% [100]. It therefore is man-
datory to perform repetitive infiltrations to improve the diagnostic accuracy, e.g.
with two different local anesthetics as suggested by Schwarzer et al. [100]. Drey-
fuss [37] has concluded that there are no convincing pathognomonic, non-inva-
sive radiographic, historical, or physical examination findings that allow one to
definitively identify lumbar facet joints as a source of low back pain and referred
lower extremity pain.

Facet joints are innervated

polysegmentally making

interpretation of the pain

response difficult

According to a randomized double blind study by Marks et al. [70], intra-artic-
ular blocks are as effective as blocks of the medial branch of the dorsal ramus.
One problem of interpreting the response to a facet joint block is related to the
finding that facet joints are innervated by two to three segmental posterior
branches, making a diagnosis of the affected joint difficult. The evaluation of the
diagnostic accuracy of joint injections to diagnose a symptomatic facet joint is
difficult in the absence of a true gold standard.

Even less information is available on the therapeutic efficacy of facet joint
blocks in relieving pain attributed to facet joints [21]. Carette et al. [21] selected
110 out of 190 patients who experienced pain relief of more than 50% after an
intra-articular facet joint block with 2 ml lidocaine for a double blinded ran-
domized control trial comparing methylprednisolone versus isotonic saline
injection. They showed an immediate average pain reduction in the study
group of 76% vs 79% in the placebo group. At 6 months follow-up, however, the
patients in the study group reported a significantly higher pain relief (46% vs
15%).
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Table 7. Therapeutic efficacy of facet joint blocks

Author/year Study design Technique Indication Patients Follow-up Outcome

Carette et al.
1991 [21]

randomized
double-blind

intra-articular lum-
bar facet block
saline vs steroid

low back
pain

49 vs 48 1, 3 and
6 m

early benefit 42 % vs 33 %,
after 6 months 46 % vs
15 %

Marks et al.
1992 [70]

randomized,
double blind

facet joint vs facet
nerve

lumbar or
lumbosa-
cral pain

42 vs 44 1 and 3 m no significant difference

Lilius et al.
1989 and
1990 [62, 63]

randomized,
not blinded

(1) intracapsular
steroid + bupiva-
caine, (2) pericap-
sular steroid +
bupivacaine, (3)
intracapsular saline

low back
pain

28 vs 39 vs
42

60 min, 3 m 64 % benefit in all groups,
36 % at 3 months, no sig-
nificant differences
between groups

Lynch 1986
[66]

controlled, not
randomized

2 levels intra-/
extracapsular vs
extracapsular

low back
pain

50 vs 15 6 m positive effect in all
treated patients

Revel et al.
1998 [88]

randomized,
double blind

intra-articular lido-
caine vs saline

low back
pain with
7 inclusion
criteria

43 vs 37 30 min significantly greater pain
relief in lidocaine group,
92 % of responders to
facet injection had 5 out
of 7 facet criteria

Gorbach et al.
2005 [46]

cohort, pro-
spective

intra-articular ste-
roid + bupivacaine
or mepivacaine

low back
pain

1 level: 29 15 – 30 min
= immedi-
ate

74 % immediate pos.
effect (> 50 %) pain relief,
57 % short term pos.
effect, 33 % medium term
pos. effect

2 levels: 13 >1 w = short
term
>3 m = me-
dium term

Note: w = weeks, m = months

Spondylolysis Block

There are no reports on the therapeutic value of pars infiltration. But, clinicians
who use pars infiltration preoperatively for patient selection have described
that patients with pain relief are more likely to be pain free after lumbar fusion.
Patients without pain relief after pars infiltration could have other sources of
pain. Suh et al. reported that patients selected with positive pars infiltration
were more likely to have pain relief, to be functional, and to return to work
[115].

Cervical Facet Joint Block

The result of facet joint

blocks is difficult to predict

So far, the accuracy and reliability of cervical facet blocks has not been demon-
strated.

Few data also exist about the therapeutic efficacy of therapeutic cervical
facet joint injections. One observational study found no benefit of cervical
intracapsular steroid injections in patients with chronic pain after whiplash
injury [2].
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Sacroiliac Joint Blocks

The sacroiliac joints are

helpful in the diagnosis of a

symptomatic sacroiliac joint

Alterations of the sacroiliac (SI) joints remain a diagnostic and therapeutic
obstacle. Every joint can cause pain; therefore it is highly likely that pain can also
result from the SI joint [98]. Pain from the SI joint has been referred to the region
medial to the posterior superior iliac spine called the sacral sulcus. The pain can
also radiate into the groin, abdomen and thigh, which makes it difficult to distin-
guish SI joint pain from disc disease or facet arthropathy [41, 42]. The clinical
diagnosis is difficult to make since none of the clinical signs and tests has proven
to be predictive. Imaging is not very helpful in diagnosing painful SI joint
arthropathy in patients without inflammatory sacroiliitis [118]. A diagnostic
anesthetic block of the sacroiliac joint is a possibility for identifying this struc-
ture as a relevant source of pain [96]. Slipman et al. [109] suggested that the pain-
ful sacroiliac joint is caused by a mild synovial irritation, which is not detectable
on imaging. Other researchers assume that there is a chemical irritation of the
nerves innervating the joint by mediators from the joint fluid [41].

Therefore, the rationale for SI joint blocks is to support the clinical diagnosis
of an SI joint pathology.

Indications

Indications for sacroiliac joint blocks include the diagnostic work-up for patients
with low back and buttock pain radiating into the posterior thigh. Therapeutic
infiltrations have not been reported to be of long-lasting success and are there-
fore not very helpful.

Technique

This joint is for most of its extent inaccessible to needles due to the rough corru-
gated interosseous surfaces of the sacrum and the ileum. However, Bogduk et al.
[7] have described puncturing the joint from its inferior end where the joint
appears below the interosseous ligament and reaches the dorsal surface of the
sacrum deep to the gluteus muscles. The accurate method of sacroiliac joint
injection usually requires fluoroscopy or computed tomographic control [38, 39,
50, 108].

We describe here the technique which has been helpful in our service. With the
patient lying prone the entry point of the joint lies at the lower end of the joint

CT fluoroscopy facilitates

correct needle placement

and is identified with fluoroscopic aid. CT guidance is necessary in patients with
a complex orientation of the sacroiliac joint (Fig. 8). In some patients even the
intra-articular access can be impossible, also due to fusion of the joint. After ster-
ile skin preparation and draping, a 25-gauge needle (22 gauge) is introduced
through the skin directed to the posterolateral aspect of the sacrum and then
readjusted to enter the slit of the joint above the inferior edge. Once the needle is
in position, contrast medium is injected to confirm the correct position. Subse-
quently steroids and anesthetic agents can be injected for diagnostic and thera-
peutic purposes.

Complications

Complications due to sacroiliac joint injections are rare. Extravasation of anes-
thetic agent around the sciatic nerve can cause temporary numbness in up to 5%
of patients. If the needle is advanced too inferiorly, contact with the sciatic nerve
is possible [118].
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Figure 8. Sacroiliac joint block

Images showing correct needle placement (a) and art-
hrography of the sacroiliac joint (b).

Diagnostic Efficacy

Sacroiliac joint infiltration

allows for the diagnosis of a

painful joint

Literature on sacroiliac joint injections and their impact on diagnosis and impact
is sparse [98]. No prospective or controlled evaluation of the technique has been
published. A few retrospective studies exist on the efficacy of sacroiliac joint
injections.

In the report by Maugurs et al. [72], 86% of patients had good pain relief after
sacroiliac joint injection after 1 month, which decreased to 58% after 6 months.
In the study by Bollow et al. [8], 92% of the 66 investigated patients had pain
relief. In Fortin’s study, 88% of 16 patients with non-inflammatory sacroiliac
joint syndrome had a decrease in pain after injection of anesthetic agent [41].
Slipman et al. [108] selected 31 patients with pain in the sacral sulcus, positive
stress test and relief of pain after a first sacroiliac injection with anesthetic agent.
After a second injection with an additional steroid mixture the patients had a sig-
nificant decrease in pain scores and improved functional status after a follow-up
of 94 weeks.

Today low back pain from the sacroiliac joint is best diagnosed when there is
relief of pain after injection of anesthetic agent. There is no gold standard for ver-
ifying the presence of sacroiliac joint pain to which the results of sacroiliac diag-
nostic block can be compared. Thus, there are no reliable data on the sensitivity
and specificity of this test [96].

Contraindications for Spinal Injections

There are few contraindications for spinal injections, which must be considered
before performing an infiltration. Alteration of the normal anatomy, e.g. pro-
nounced degenerative abnormalities, or after major surgery to the spinal canal,
where the positioning of the needle could be technically impossible, is per se not
a contraindication.

However, it is apparent that such injections can only be performed in patients
with normal hemostasis and without known allergic reactions. History taking on
potential allergic reactions is mandatory and laboratory screening strongly rec-
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Clinical Presentation
radicular syndrome
neurogenic claudication syndrome
discogenic syndrome
instability syndrome
facet syndrome
sacroiliac joint syndrome

Indications for Radiographs and MRI
back/neck pain without radiation for > 3 months non-responsive to conservative treatment
radicular pain with or without minor neurological deficits for more than 3 weeks
radicular symptoms with major neurological deficit
suspicion of tumor or infection

disc
degeneration

spinal/foraminal 
stenosis

disc herniation facet joint
osteoarthritis

spondylolysis
spondylolisthesis

SIG-
syndrome

further studies
provocative
discography

further studies
epidural blocks
nerve root block   

(in equivocal cases)

further studies
facet joint blocks

further studies
spondylolysis
block   

(in equivocal cases)

further studies
nerve root block
CT discography

(in equivocal cases)

further studies
CT-guided
SIG injection

symptomatic disc
degeneration

symptomatic
facet joint OA

symptomatic
SIG alteration

symptomatic
spondylolysis

symptomatic
disc herniation

symptomatic
foraminal stenosis

ommended prior to the injections. Injections should not be performed in
patients with:

) bleeding diathesis
) full anticoagulation, whereas medication with acetylsalicylic acid does not

represent a contraindication
) infections or immunodeficiency syndromes
) allergic reaction to anesthetic agents or steroids

Algorithm for Spinal Injections

The clinical investigation and patient history is of the utmost importance and
should allow the clinician to differentiate between a local pain syndrome (neck
pain, lumbar pain, dorsal pain, sacroiliac syndrome) and radicular pain, neuro-
genic claudication, segmental instability and discogenic pain. Despite the dilemma
of unproven diagnostic and therapeutic efficacy of spinal injections [61], a practi-
cal approach appears to be justifiable until more conclusive data is provided in the

The evidence for the

diagnostic value of injection

studies remains controversial

literature. We therefore want to summarize an evidence-enhanced approach as
currently used in our center. However, we want to stress that this approach is sub-
jective and predominately anecdotal but appears to work in our hands (Fig. 9).

Persistence (for more than 3 months) of non-radicular local pain which is not
alleviated by conservative therapy should be investigated with radiographs and
MRI. For radicular pain without or with minor neurological deficit these tests
should be done after 3 weeks. Every pain syndrome with major neurological defi-
cit and in cases which are suspicious for tumor or infection of the spine requires

Figure 9. Algorithm for diagnostic spinal injection studies
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immediate MRI investigation. If no clear correlation between clinical examina-
tion and radiological findings can be established, spinal injections are recom-
mended.

In patients with disc herniation and unequivocal root compression, selective
nerve root blocks may support conservative treatment [86, 114]. In selected cases,
nerve root blocks can substantially reduce the proportion of patients requiring a
surgical intervention for the treatment of a radiculopathy often allowing for
immediate pain relief [79, 91]. Selective nerve root blocks are helpful in cases with
equivocal morphological findings to confirm the diagnosis. If the patient’s pain is
alleviated for the duration of the anesthetic effect, involvement of the target nerve
root in the pain pathogenesis is very likely. Similarly, nerve root compression due
to foraminal stenosis is an indication for nerve root block. Patients with spinal
stenosis who are not candidates for surgery and have multisegmental alterations
may benefit from epidural blocks. However, our anecdotal experience indicates
that these injections are less effective than nerve root blocks.

We regard discography as the only means to differentiate symptomatic from
asymptomatic disc degeneration since the morphological appearance can be
identical [9, 12]. Our interpretation for a symptomatic disc degeneration is based
on an exact pain provocation in the absence of pain provocation in an adjacent
MR normal disc [129]. However, we only perform discography in patients who
we would select for surgery in case of an exact pain provocation. In our center, we
do not use discography for a pure diagnostic work-up.

Debate continues on the clinical significance of facet joint osteoarthritis as a
source of back pain. So far, a definition of a facet syndrome has widely failed.
Nevertheless, one-third of patients presenting with symptoms suggestive of a
symptomatic facet joint arthropathy can benefit from a facet joint block for a
short period of time (3–6 months) [46]. We recommend facet joint blocks in
elderly patients who prefer non-surgical treatment as an adjunct therapy in the
presence of moderate to severe facet joint osteoarthritis. However, we are ambiv-
alent about the diagnostic accuracy of facet joint and spondylolysis blocks to
support the indication for surgery or selection of fusion levels.

The diagnosis of SI joint alterations as a source of back pain remains unsatis-
factory. We regard SI joint blocks as the only means to diagnose the involvement
of the target joint. However, these injections are not very helpful in alleviating the
patient’s pain on a medium to long term.

Recapitulation

Rationale. Although injection studies aim to pro-

voke or eliminate pain and therefore focus on the
source of the problem, there is as yet insufficient evi-
dence to prove clinical efficacy as a diagnostic tool.

Selective nerve root. Selective nerve root blocks
are used in cases with equivocal radicular pain and
morphological findings to confirm the diagnosis. If
the patient’s pain is elevated for the duration of the
anesthetic effect, involvement of the target nerve
root in the pain pathogenesis is very likely. Selective
nerve root blocks are also very helpful in support-
ing non-operative care in patients presenting with
cervical and lumbar radiculopathy. In selected

cases, nerve root blocks can substantially reduce
the proportion of patients requiring a surgical inter-
vention for the treatment of a radiculopathy often
allowing for immediate pain relief.

Epidural and caudal blocks. Epidural and caudal
application of steroids is used to treat inflamma-

tion due to compression of one or multiple nerve
roots. Whereas low back pain, e.g. discogenic pain,
seems not to be a good indication for epidural or
caudal blocks, patients with neurogenic claudica-
tion may benefit from this injection. However, it
seems that epidural blocks are less effective than

nerve root blocks.
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Provocative discography. Discography is the only

means to differentiate symptomatic from asymp-
tomatic disc degeneration since the morphological
appearance can be identical. Interpretation for
symptomatic disc degeneration is based on an
exact pain provocation in the absence of pain prov-
ocation in an adjacent MR normal disc. However,
discography should be performed in patients who
we would select for surgery in the case of an exact
pain provocation.

Facet joint blocks. Debate continues on the clinical
significance of facet joint osteoarthritis as a source
of back pain. While it would be unreasonable to

assume that facet joint osteoarthritis is painless,
the clinical presentation of facet joint alterations is
variable. So far, a definition of facet syndrome has
widely failed. However, the diagnostic accuracy of
facet joint blocks to support the indication for sur-
gery or selection of fusion levels should be inter-
preted with caution.

Sacroiliac joint blocks. The diagnosis of SI joint
alterations as a source of back pain remains unsatis-
factory. SI joint blocks are the only means to diag-
nose the affection of the target joint. However,
these injections are not very helpful in alleviating
the patient’s pain on a medium to long term.

Key Articles

Revel M, Poiraudeau S, Auleley GR et al. (1998) Capacity of the clinical picture to charac-
terize low back pain relieved by facet joint anesthesia: proposed criteria to identify
patients with painful facet joints. Spine 23:1972–1976
In this article patients with low back pain were prospectively randomized into two groups
with and without clinical criteria predictive of facet joint osteoarthrosis. After facet joint
blocks, greater pain relief was observed in the back pain group. The presence of age
greater than 65 years and pain that was not exacerbated by coughing, not worsened by
hyperextension, not worsened by forward flexion, not worsened when rising from flex-
ion, not worsened by extension-rotation, and well relieved by recumbency distinguished
92% of patients responding to lidocaine injection and 80% of those not responding in the
lidocaine group. The authors conclude that five clinical characteristics can be used to
select lower back pain that will be well relieved by facet joint anesthesia.

Carragee EJ, Alamin TF (2001) Discography: a review. The Spine Journal 1:364–372
This paper describes the indication and technique of discography. Further, articles that
are relevant to discography are systematically reviewed. Especially the interpretation of
the results and conclusion are discussed. The authors state that the specificity of discogra-
phy is dramatically affected by psychosocial characteristics of the patient. The ability of
a patient to determine reliably the concordancy of pain provoked by discography is poor.
The authors concluded that clinicians who use discography need to critically examine the
validity of the test.

Karppinen J, Malmivaara A, Kurunlahti M et al. (2001) Periradicular infiltration for sci-
atica: a randomized controlled trial. Spine 26:1059–1067
In this randomized, double blind trial the efficacy of periradicular corticosteroid injec-
tion for sciatica was tested. One-hundred and sixty patients were randomized for double
blind injection with methylprednisolone/bupivacaine combination or saline. Recovery
rate was better in the steroid group at 2 weeks for leg pain, straight leg raising, lumbar
flexion, and patient satisfaction. Back pain and leg pain were significantly lower in the
saline group at 6 months. By 1 year, 18 patients in the steroid group and 15 in the saline
group underwent surgery. The authors concluded that improvement was found in both
groups and the combination of methylprednisolone and bupivacaine seems to have a
short-term effect, but at 3 and 6 months the steroid group seems to experience a rebound
phenomenon.

Vad V, Bhat A, Lutz G, Cammisa F (2002) Transforaminal epidural steroid injections in
lumbosacral radiculopathy: a prospective randomized study. Spine 27:11–15
In this randomized study of 48 patients with radiculopathy secondary to a herniated
nucleus pulposus, one group received a transforaminal steroid injection and the other
saline trigger-point injection. After an average follow-up period of 1.4 years, the group
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receiving transforaminal steroid injections had a success rate of 84%, as compared with
48% for the group receiving trigger-point injections.

Slipman CW, Bhat AL, Gilchrist RV, et al. (2003) A critical review of the evidence for the
use of zygapophysial injections and radiofrequency denervation in the treatment of low
back pain. Spine J 3:310–316
A database search of Medline, Embase and the Cochrane database was conducted to per-
form a critical review of studies that analyze the treatment of lumbar facet joints with
intra-articular injections and radiofrequency denervation. The authors concluded that
current studies give sparse evidence to support the use of interventional techniques in the
treatment of lumbar zygapophyseal joint-mediated low back pain.

Koes BW, Scholten RJPM, Mens JMA, Bouter LM (1995) Efficacy of epidural steroid
injections for low-back pain and sciatica: a systematic review of randomized clinical tri-
als. Pain 63:279–288
Twelve randomized clinical trials evaluating epidural steroid injections were analyzed. In
this analysis six studies indicated that the epidural steroid injection was more effective
than the reference treatment and six reported it to be no better or worse than the refer-
ence treatment. The authors concluded that the efficacy of epidural steroid injections has
not yet been established and the benefits of epidural steroid injections, if any, seem to be
of short duration only.

Bollow M, Braun J, Taupitz M, et al. (1996) CT-guided intraarticular corticosteroid injec-
tion into the sacroiliac joints in patients with spondyloarthropathy: indication and fol-
low-up with contrast-enhanced MRI. J Comput Assist Tomograph 20:512–521
This article prospectively analyzes the therapeutic efficacy of CT-guided intra-articular
corticosteroid instillation of inflamed sacroiliac joints in patients with spondyloarthro-
pathies. The role of MRI as a test for indication and follow-up was evaluated. Sixty-one of
66 patients who underwent instillation of corticosteroid showed a statistically significant
reduction of subjective complaints. Also the percentage of contrast enhancement on
dynamic MRI showed a significant reduction.
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11
Neurological Assessment in Spinal
Disorders

Uta Kliesch, Armin Curt

Core Messages

✔ There is a rather low prevalence of neurological
deficits in spinal disorders

✔ Neurological deficits can range from very
severe and obvious (complete paraplegia) to
subtle (radicular sensory deficit)

✔ The neurological deficit per se is non-specific to
the spinal disorder

The neurological examination:
✔ Is key to the reliable exclusion of a neurological

deficit
✔ Complements and influences the diagnostic

procedures

✔ Has to follow a standardized algorithm to iden-
tify the level and extent of a neurological lesion

✔ Distinguishes between lesions of the central
(cortical, spinal) and peripheral nervous system
(nerve roots, plexus, peripheral nerves)

✔ Seeks for a somatotopic localization of the
lesion

✔ Impacts on the treatment decision (conserva-
tive versus surgical management) in the pres-
ence of a neurological deficit

✔ Is insensitive for the assessment of autonomic
disorders which require additional testings
(e.g. bladder assessment)

Epidemiology

The presence of neurologi-

cal deficits varies to a large

extent in spinal disorders

Spinal disorders are associated with neurological symptoms to a very variable
extent depending on the underlying pathology. In cervical myelopathy and lum-
bar spinal canal stenosis, a neurological deficit has been described in about
30–50% of patients depending on the applied clinical measures [3, 33, 65, 76,
105, 117]. Although in general neurological deficits are rather low in frequency,
misdiagnosis or failure to detect neurological symptoms may lead to severe
sequelae and can result in invalidity if inappropriate management is provided
[40]. A knowledge of the typical neurological deficits associated with spinal dis-
orders allows for the management of the diagnostic work-up in timely and com-
prehensive fashion, and the identification of potential neurological deficits in the
treatment of patients with spinal disorders.

Non-traumatic spinal disorders are mainly due to degenerative diseases
(e.g. disc herniation and spinal canal stenosis) and occur increasingly in the
aging population [11, 24]. Also spine related pain syndromes have a high
prevalence which increases with age. For instance, neck and arm pain will
have affected about 20–34% of a general population once as shown in a large
cross-sectional study and induces actual complaints in about 14% [16, 47].
However, only in about 4% of patients suffering from a cervico-cephalic-bra-
chial pain syndrome is an MRI documented radicular lesion present, whereas
functional disturbances in conjunction with cervical spondylosis occur in
80% [61]. Similar findings are reported in patients suffering from low back
pain where a focal neurological lesion is present in a comparably low percent-
age [3, 7, 31, 60].
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Case Introduction

A 63-year-old male patient underwent a left-sided discectomy of L5/S1 for an S1 radiculopathy. After a pain free interval
of 5 months, he presented again with severe recurrent left sided leg pain predominantly at the posterolateral aspect of
the calf. An MRI scan showed a small recurrent sequestrated disc herniation at the level previously operated on (a, b). The
patient was referred to a neurologist because the clinical findings and the imaging study did not completely match. A
detailed history revealed that the patient reported pain in the lower back down to the left calf and heel. However, he
additionally felt numbness in the thoracoabdominal skin on the left side. The neurological examination revealed an
absent left Achilles tendon reflex, hypesthesia of the left T6–T10 and S1 dermatomes but no paresis. The L5 dermatome
presented petechial efflorescence (c, d). The EMG of the gastrognemius muscle confirmed chronic denervation as a sign
of a radicular lesion probably caused by the disc herniation of the S1 root. However, prolonged tibial somatosensory
evoked potential, hypesthesia of the thoracic dermatomes as well as the dermatomal efflorescence suggested an addi-
tional neurological disorder. The suspected diagnosis of a herpes associated myelitis was confirmed by pathological anti-
body titers against herpes zoster virus, and increased cell count (65/μl) and protein level (1.66 g/l) in the CSF. The patient
was treated with acyclovir (i.v. application over 5 days and continued oral medication for 3 months). Three months later
the pain had completely subsided and the patient regained full neurological function.
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Always differentiate

radiculopathy and

peripheral neuropathy

Peripheral neurological disorders may mimic radiculopathy and should be dif-
ferentiated by the neurological examination and complementary neurophysio-
logical tests.

Entrapment syndromes

are easily confused

with radiculopathy

For example, polyneuropathy can cause similar symptoms to lumbar stenosis.
While the clinical examination might not be sensitive enough to distinguish
between both disorders, neurophysiological testing (nerve conduction and reflex
studies) can confirm the presence of a polyneuropathy. There are no reliable data
available on the prevalence of polyneuropathy in a general population and the
reported percentage ranges between 7% and 57% [120]. About 50% of patients
with diabetes and 60% of patients with alcohol addiction suffer from polyneu-
ropathy, indicating the importance of an extended differential diagnosis in this
patient population when patients present with back and leg pain [32, 88, 90, 122].
Entrapment syndromes frequently show similarities to radicular syndromes.
The carpal tunnel syndrome (CTS) is the most frequent entrapment (6% in a
general population) syndrome and occurs twice as often as the compression syn-
drome of the ulnar nerve [8, 9, 27, 28, 106]. Similar in symptoms, but less com-
mon, is the thoracic outlet syndrome (TOS), occurring in not more than 1% in a
general population [79]. The counterpart of the CTS is the tarsal tunnel syn-
drome of the foot, which is much rarer than the CTS. In electromyography (EMG)
laboratories the incidence is reported to be lower than 0.5% [78, 80].

The C5, C6, L5 and S1 nerve

roots are most frequently

affected

Due to the different vulnerability of specific nerve fibers and spinal cord tracts,
typical clinical syndromes are frequently observed both in degenerative and in
traumatic spinal disorders. Degenerative disorders, particularly spinal stenosis
and disc herniation, most frequently occur in the cervical and lumbar spinal seg-
ments due to the biomechanical spine properties (anatomical characteristics) and
dynamic/static forces acting on these segments. While a cervical spinal stenosis
can result in cervical myelopathy with clinical signs of impaired longitudinal
tracts (spasticity of lower limbs, numbness of feet), lumbar spinal stenosis can
affect the cauda equina causing neurogenic claudication. Radiculopathies are
mainly due to disc herniation and to hypertrophic facet joints. The most frequent
cervical radicular lesion is the radiculopathy of C5 and C6, whereas in lumbar
radiculopathy the L5 and S1 roots are most frequently involved [17, 38, 102, 128].
Furthermore, in 16% of patients (study of 585 patients screened in a regional UK
clinical neuroscience center) with a non-traumatic para- or tetraparesis, a meta-
static or primary spinal tumor could be diagnosed [82, 112].

Traumatic spinal disorders (e.g. spinal cord injury, SCI) are mainly caused
[30] by:

) motor vehicle accidents (40–50%)
) sports accidents and falls (20–30%)
) assaults (gunshot and stabbing) (5–20%)
) occupational injuries (10–20%)

Patients suffering from traumatic SCI are mainly young (average age 38 years)
and male (male : female ratio = 4:1), while there is a second age peak between 60
and 80 years due to predominantly falling injuries [30, 34, 39, 56, 100, 118, 124].
The incidence of traumatic SCI (10–30/million) varies between countries with a
slightly higher number of incomplete SCI and tetraplegia versus paraplegia (for
reference see: www.spinalcord.uab.edu). While spontaneous (osteoporotic) com-
pression fractures of the vertebral column rarely show neurological deficit, burst
fractures of the cervical and thoracic spine are commonly associated with severe
neurological deficits [4, 12, 21, 71, 72, 119].

About 55 % of patients with

SCI suffer from tetraplegia

In patients with SCI, the cervical vertebral column is the most frequently
injured spine segment resulting in incomplete tetraplegia in 34.3% and complete
tetraplegia in 22.1% of cases.
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In mid-thoracic traumatic fractures, patients mainly suffer from complete para-
plegia while fractures at the thoracic-lumbar junction show an incomplete lesion
in more than half of the patients [42, 119].

Anatomy and Somatotopic Background

The spinal cord represents the only connection of neurological structures
between body and brain for the conduction of motor, sensory and sympathetic-
autonomous information. The parasympathetic innervation bypasses the spinal
cord via the vagal nerve originating from the brainstem. Longitudinally oriented
spinal tracts (white matter) surround central areas (gray matter) where neuronal

The cell bodies of the

motoneurons are located

in the gray matter

cell bodies are located (Fig. 1). Sensory axons entering the dorsal part of the spi-
nal cord originate in the dorsal root ganglia, which are located outside the spinal
cord. Along with the motor axons originating from the central part of the spinal
cord, they leave the spinal segment through the intervertebral foramen at every
segment. Furthermore, it is important to realize that the motor synapses between
the first and the second motoneurons are located in the ventral part of the gray

The cell bodies of the

sensory neurons are located

in the dorsal root ganglion

matter (alpha-motoneuron), whereas the neuronal cell bodies of the peripheral
sensory neuron are situated in the dorsal root ganglion within the intervertebral
foramen.

In the cervical spine there is one pair of cervical nerve roots more than verte-
brae bodies. Therefore, the anatomic relationship changes at the cervicothoracic
junction. While in the cervical spine the C4 nerve root exits the C3/4 foramen, the
L4 nerve root exits the L4/5 foramen in the lumbar spine. In the cervical spine,
the cell bodies of the alpha-motoneuron are located approximately one level
higher than the exiting nerve root. This is of clinical relevance as focal damage to
the anterior spinal cord can cause a more distal deficit than one would expect
from the location [25]. Essential anatomical landmarks of the somatotopic orga-
nization of the spinal cord are:

Figure 1. Somatotopic organization of the spinal cord
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) the posterior column containing sensory nerve tracts conducting position
sense (proprioception) and awareness of deep pressure
) the ventrolateral column contains spinothalamic tracts for the sensation of

pain and temperature
) the posterior-lateral tract transmitting voluntary motor control through the

pyramidal tract

Classification

A straightforward differentiation of neurological impairment is related to the
cause and onset of the disorders and basically distinguishes between:

) traumatic injuries
) non-traumatic disorders

Spinal disorders can further be differentiated with regard to the affected neuro-
nal structures, i.e.:

) central (CNS) nervous system
) peripheral (PNS) nervous system

A CNS lesion indicates a compromise of the brain or spinal cord, i.e. longitudinal
spinal tracts. In contrast, a PNS lesion includes impairment of all the neural
structures outlying the spinal cord, i.e. ventral nerve roots and cauda equina
nerve fibers within the spinal canal. Therefore, a lesion of the conus medullaris
with degeneration of the alpha-motoneurons or the cauda equina shows typical
clinical findings of PNS involvement while a lesion higher within the spinal cord
mainly presents as a central sensorimotor deficit.

Non-traumatic spinal disorders can be differentiated as listed in Table 1.
Focal compression

syndromes predominantly

occur in the cervical

or lumbar spine

Focal compression syndromes of the spinal cord in degenerative disorders are
predominantly localized at the cervical and lumbar spinal level [3, 6, 92, 115].
Here, the spine has to cope with the highest biomechanical stress (a high range of
motion and being under great strain during daily activities) and is prone to
develop a degenerative stenosis resulting either in cervical myelopathy or lumbar
spinal canal stenosis and neurogenic claudication. Furthermore, the cervical spi-
nal canal can show a congenitally reduced diameter with increased vulnerability
to degeneration or even minimal cervical trauma with severe neurological
sequelae [107, 115, 130]. Cervical spinal canal stenosis due to obliterating hyper-
trophy of the occipital posterior longitudinal ligament (OPLL) and less frequently
in the thoracic spine can also induce spinal cord compression even in younger
patients [48, 53, 77, 129]. Spine tumors of different etiology (intra- or extradural)
and dignity always have to be considered in patients assumed to suffer from spinal
disorders [1, 44, 66, 81]. Spinal hemorrhages predominantly occur acutely/spon-
taneously in patients undergoing anticoagulation treatment, or suffering from
tumors or arteriovenous malformations [37, 58, 83, 91, 114, 116, 126]. While spine
compression, tumors and hemorrhages can be reliably diagnosed by imaging
(preferably by MRI), the ischemic, infectious, and degenerative disorders need a
thorough work-up to conclude the specific diagnosis [10, 46].

In atypical cases also

consider non-spinal

differential diagnosis

Specifically in cases with atypical presentation, disorders other than those of
the spinal cord have to be considered in the differential diagnosis. Similarly, in
older and multi-morbidity patients, peripheral nerve disorders can be confused
with spinal cord disorders and have to be specifically addressed. In patients with
a slowly developing polyneuritis, an increasing motor weakness, reduction of
walking distance and occurring pain can mimic a lumbar spinal stenosis, while
neurophysiological testing can be applied to distinguish between both disorders.
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Table 1. Classification of non-traumatic neurological syndromes

Impaired neuro-
logical structure

Cause of impairment Major symptoms

Spinal cord
compression

) disc herniation ) severe pain
) para-/tetraparesis
) bowel/bladder dysfunction

) congenital cervical stenosis ) clumsy hands with reduced dexterity
) ataxic gait

) degenerative cervical stenosis ) bladder dysfunction micturition problems (urgency,
frequency)

) ossification of the posterior
longitudinal ligament (OPLL)

) pain
) slowly developing myelopathy
) radiculopathy (frequently)

) lumbar spinal canal stenosis ) neurogenic claudication
) low back pain

Spinal cord tumor ) extramedullary intradural tumor (neuri-
noma, meningeoma, schwannoma)

) pain syndromes
) progressive tetra-/paraparesis
) bladder-bowel dysfunction) extramedullary extradural (metastases,

lymphoma)
) intramedullary tumor (ependymoma,

astrocytoma)

Spinal hemorrhage ) spontaneous hemorrhage (AV malfor-
mation, cavernoma, anticoagulation)

) sudden onset
) acute girdle pain
) increasing tetra-/paraparesis

Ischemic spinal cord
lesion

) ischemia of anterior spinal artery
(arteria sulcocommissuralis)

) girdle-like pain prior to weakness
) central cord syndrome

) spinal cord malacia (arteria radicularis
magna Adamkiewics)

) acute paraplegia

) AV malformation ) intermittent claudication

Demyelinating
disorders

) multiple sclerosis ) recurrent episodes or primary chronic course of
sensorimotor deficits
) visual disturbance

) acute demyelinating encephalomyelitis
(ADEM)

) acute onset
) cerebral symptoms associated with sensorimotor

deficits (mostly after viral infection or vaccination)
) transverse myelitis ) acute onset with rapid and profound deficits

) no clear association with viral infection or other
demyelinating CNS disorders

) neuromyelitis optica (Devic syndrome) ) fulminating progressive para-/tetraplegia
) loss of vision

Infectious myelitis ) viral (HSV, HIV, HTLV, EBV, Coxsackie
virus, echovirus, poliomyelitis)
) bacterial and fungal

) initial girdle-like pain
) progressive para- or tetraplegia
) spastic spinal paralysis

Physical myelopathy ) radiation/electrical spinal cord damage ) postradiation symptoms (early or late)
) beginning with pain
) variable syndromes

Hereditary/sporadic
degeneration of
spinal pathways

) variable mutations of genes, amyotro-
phic lateral sclerosis

) mainly associated with spastic paraplegia
) variable sensory loss
) muscle atrophy
) bladder dysfunction

A mismatch of clinical find-

ings and imaging studies

must prompt a thorough

neurological assessment

Therefore, in patients where the radiological and clinical findings are not fully in
line with the patient complaints or imaging findings, a thorough neurological
work-up should be initiated (Case Introduction). For example, the first clinical
symptom of a diabetic neuropathy can appear as a severe painful affection of the
femoral nerve with a marked paralysis of the quadriceps muscle. This symptom
can be easily confused with an L3 radiculopathy and the mismatch between an
extensive clinical picture (weakness, loss of reflexes and sensory deficit) and nor-
mally appearing lumbar imaging should indicate a further work-up.
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Figure 2. Standard neurological classification of spinal cord injuries (ASIA)

In traumatic spinal cord injury the main classification distinguishes between:

) paraplegia
) tetraplegia

The term “paraplegia” refers to the impairment or loss of motor and/or sensory
function in the thoracic, lumbar or sacral (but not cervical) neural segments
(T2–S5). Impairment or loss of motor and/or sensory function in the cervical
segments (C0–T1) is called tetraplegia. In accordance with the standard neuro-
logical classification of spinal cord injury (Fig. 2) of the American Spinal Injury
Association (ASIA), the defined muscles and sensory examination points should
be assessed for diagnosis [68].

A further differentiation is made with regard to the completeness of the lesion
as:

) complete
) incomplete

The preservation of lower

sacral segments indicates

an incomplete lesion

The distinction between complete and incomplete is based on the preservation of
any sensory or motor function within the last sacral segments S4–S5. The ASIA
impairment scale (AIS) allows a further grading (Table 2) of the completeness of
the lesion [67, 70].
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Table 2. ASIA Impairment Scale

ASIA A ) sensory and motor complete
ASIA B ) sensory incomplete, motor complete
ASIA C ) sensory and motor incomplete, motor function below the level of lesion in mean M3
ASIA D ) sensory and motor incomplete, motor function below the level of lesion in mean >M3
ASIA E ) no relevant sensorimotor deficit, minor functional impairments of reflex-muscle tone changes

Neurological Assessment

Complementary to the physical and radiological examination of the spine, the
neurological examination focuses on identifying:

) the level of the lesion
) the extent of neural compromise

A detailed history enables an initial broad diagnosis (involvement of upper ver-
sus lower limbs, time of onset, trauma) and the neurological examination deter-
mines more precisely any possible spinal cord damage. The clinical examination
can be complemented by additional neurophysiological studies particularly
when the clinical examination is limited due to poor cooperation by the patient.
The following clinical symptoms should be distinguished by the examiner:

) motor weakness
) sensory deficit
) altered reflexes (cave: spinal shock)
) pain syndromes
) autonomic functions (bowel and bladder dysfunction)

The examination can allocate the symptoms to neurological syndromes such as:

) radiculopathy
) polyneuropathy
) myelopathy
) central paresis

Neurological syndromes

are non-specific for the

underlying pathology

However, neurological syndromes are non-specific with regard to their spinal
cause, e.g. a radiculopathy can be caused by a disc herniation, an osseous spur, or
a synovial facet joint cyst. From a practical point of view, it is reasonable to differ-
entiate the assessment of patients with and without trauma and the course of
symptom onset (acute versus slowly progressive). This differentiation is not
always self-evident and has to be specifically identified.

Pain

Pain is the most frequently complained of symptom which can lead one to the
impaired neurological structure [49, 95, 108]. The pathophysiology and diagnos-
tic assessment of pain are covered in Chapters 5 and 40 .

Sensory Deficits

Distinguish the sensory

qualities (light touch, pin

prick, proprioception)

Although multiple sensory qualities (heat–cold, pain, touch, pressure, static and
dynamic two-point discrimination, vibration sensation) can be distinguished,
the examination of:

) light touch
) pinprick
) proprioception
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is most frequently applied in clinical practice to assess spinal cord dysfunction
[13, 41, 51, 62, 84, 89, 99, 101]. While the light touch sensation assesses the per-
ception of touch as applied by the finger or cotton wool, the pinprick sensation
identifies the ability to sense a sharp needle tip. The latter function is transmitted
via the spinothalamic spinal pathway and the actual examination does not pro-
duce different levels of pain. The key is that the patient identifies a sharp sensa-
tion, which is not necessarily painful. The vibration sense is reliably tested with
a tuning fork that allows different grades of vibration recognition to be distin-
guished [45, 86, 98, 99].

It is important to be aware that particularly incomplete lesions of the spinal
cord can cause more diffuse distributed sensory deficits whereas radicular and
peripheral lesions result in circumscribed changes. Patients with cervical mye-
lopathy often complain of pain, clumsiness and numbness of the whole hands
and/or feet.

Consider central lesions in

diffuse/dissociated sensory

deficits

In ischemic lesions of the central part of the spinal cord, the predominant clin-
ical finding is an impairment of pain and temperature sensation. In such cases,
sensation to touch remains preserved while pain and temperature sensation is
abolished, which is typically distributed in a segmental pattern. The affection of
the posterior column as induced by a B12 hypovitaminosis or rarely due to trauma
causes a reduction of the vibration sense with predominant gait disturbance.

Motor Deficits

The differentiation of the causes of muscle weakness can sometimes cause diag-
nostic difficulties. In general the following lesions should be distinguished:

) peripheral lesion
) radicular lesion
) central lesion

The muscle force should be assessed according to a standardized protocol either
following the guidelines of the British Medical Research Council or as modified
by the ASIA Standards (see Chapter 8 ) [70].

A monoparesis of upper or lower limbs is frequently caused by a plexus lesion.
Radicular lesions are typically associated with pain emanating into the respective
dermatomes and show paresis of the innervated muscles. The differentiation
between radicular and peripheral nerve lesion is sometimes difficult (see below).

Painless muscle atrophy

demands a detailed

neurological differential

diagnosis

A painless atrophy of hand or foot muscle always demands a neurological
work-up and an extended differential diagnosis has to be considered:

) amyotrophic lateral sclerosis
) spinal muscular atrophy
) myelopathy
) neuropathy (hereditary motor neuropathies)

Reflex Deficits

The clinical examination of upper and lower limbs as well as sacral reflexes is
mandatory in the assessment of spinal disorders. Reflexes are not only helpful in
defining the level of lesion but also in distinguishing acute versus chronic

Screen for central lesions

using reflex assessments

changes. Besides the muscle tendon reflexes, various signs (Figs. 3, 4) and muscle
tone testing (clonus, stiffness) are used to screen for pyramidal tract or conus
lesions [5, 18, 23, 36, 43, 54, 64, 75, 85, 104, 127].
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a b

c d

e f

Figure 3. Signs (reflexes) indicating pyramidal tract lesions

a Babinski sign. b Oppenheim sign. c Gordon sign. d Rossolimo sign. e Trömner sign. f Hoffmann sign. The Hoffmann and
Trömner signs can be observed in healthy individuals with hyperexcitability and are only pathologic if they occur unilat-
erally or in very pronounced fashion.
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c d

Figure 4. Polysynaptic reflexes

a The absence of the anal reflex indicates a lesion at S3 – 5. b Absence of the abdominal reflex indicates a lesion at T7 – 12
(screening test for patients with putative idiopathic scoliosis). c Absence of the bulbocavernosus reflex indicates a conus
medullaris injury. After acute spinal cord injury, the bulbocavernosus reflex can be elicted within 72 h even in spinal
shock in contrast to the lower limb tendon reflexes. Recovery of the bulbocavernosus reflex without sensory or motor
function indicates a complete spinal cord lesion. d Absence of the cremaster reflex indicates a lesion at the level of L1/2.

Gait Disorders

Gait disorder should be detailed by questioning and clinical tests. Ataxic gait with
increased danger of falls (impaired balance and ability for line walking), need for

Gait disorders must

be thoroughly differentiated

an enlarged support base, and increased difficulty in walking in darkness are
signs of disturbed proprioception. That may be caused (with decreasing fre-
quency) by:

) polyneuropathy
) posterior column disorders
) cerebellar lesion

Neurological Assessment in Spinal Disorders Chapter 11 301



Several clinical tests can be applied to distinguish between these disorders.
In polyneuropathy the most specific finding is a pattern of loss of reflexes and

sensory deficit in a distal and sock like distribution (below the knee and/or in the
area covered by socks) of impaired light touch sensation and reduction of proprio-
ception. The latter is clinically tested by passively moving the foot or toes up and
down and asking the blindfolded patient to describe the direction of movement.

The impairment of dorsal column function is clinically tested by Romberg’s
test. This test is named after the German neurologist Moritz Heinrich Romberg
(1795–1873).

Romberg’s test is performed in two stages:

) First, the patient stands with feet together, eyes open and hands by the sides.
) Second, the patient closes the eyes while the examiner observes for a full

minute.

Because the examiner is trying to elicit whether the patient falls when the eyes are
closed, it is advisable to stand ready to catch the falling patient. For large patients,
a strong assistant is recommended. Romberg’s test is positive if, and only if, the
following two conditions are both met:

) The patient can stand with the eyes open; and
) The patient falls when the eyes are closed.

The test is not positive if either:

) The patient falls when the eyes are open; or
) The patient sways but does not fall when the eyes are closed.

Maintaining balance while standing in the stationary position relies on intact
sensory pathways, sensorimotor integration centers and motor pathways.

The main sensory inputs are:

) joint position sense (proprioception), carried in the dorsal columns of the
spinal cord
) vision

Crucially, the brain can obtain sufficient information to maintain balance if
either the visual or the proprioceptive inputs are intact. Sensorimotor integra-
tion is carried out by the cerebellum. The first stage of the test (standing with the
eyes open) demonstrates that at least one of the two sensory pathways is intact,
and that sensorimotor integration and the motor pathway are intact. In the sec-
ond stage, the visual pathway is removed by closing the eyes. If the proprioceptive

Romberg’s test is not a test

of cerebellar function

pathway is intact, balance will be maintained. But if proprioception is defective,
both of the sensory inputs will be absent and the patient will sway then fall. Rom-
berg’s test is not a test of cerebellar function, as it is commonly misconceived.
Patients with cerebellar ataxia will generally be unable to balance even with the
eyes open: therefore, the test cannot proceed beyond the first step and no patient
with cerebellar ataxia can correctly be described as Romberg’s positive. Rather,
Romberg’s test is sensitive to an affection of the proprioception receptors and
pathways caused by sensory peripheral neuropathies (such as polyneuropathy)
or disorders of the dorsal columns of the spinal cord.

Unterberger’s test identifies

labyrinth dysfunction

Unterberger’s stepping test is a simple means of identifying labyrinth dys-
function, which can induce vertigo and dysbalance during walking and standing.
During the clinical testing the patient is asked to perform stationary stepping for
1 min with their eyes closed and the arms lifted in front. A positive test is indi-
cated by rotational movement of the patient towards the side of the lesion.

Cerebellar dysfunction is clinically searched for by the heel-to-knee test and
the finger-to-nose test. These tests assess dysmetric and ataxic lower and upper
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limb control, which is independent from the impairment of the deep sensory sys-
tem (proprioception). Patients move the right heel to the left knee and then move

The finger-to-nose and

heel-to-knee tests screen

for cerebellar dysfunction

the heel with contact to the skin along the tibia bone to the ankle, or point with
the tip of the index finger to the tip of the nose (with eyes closed and then
opened). The performance of a dysmetric and ataxic movement indicates a cere-
bellar dysfunction which is not completely corrected with open eyes.

Bowel and Bladder Dysfunction

In spinal disorders, bowl and bladder dysfunction are frequently underestimated
and patients do not report these problems immediately because they do not real-
ize there is any connection with their spinal problems. Patients have to be specifi-
cally asked for changes in:

) frequency of micturition
) urgency of voiding
) any kind of urine or bowel incontinence

Asking about frequency addresses the question of whether a patient has to visit
A detailed history is needed

for bladder dysfunction

the bathroom more frequently than they used to. Urgency describes whether a
patient is able to withhold voiding after the first desire to void or has to visit the
bathroom very quickly to avoid incontinence. Incontinence can describe a stress
incontinence where a physical activity (lifting a heavy object or coughing) that
increases the intra-abdominal pressure induces a non-voluntary urine loss or a
neurogenic bladder dysfunction with non-voluntary urine loss due to uncon-
trolled bladder activity (hyperreflexive detrusor). Besides these questions the
neurological examination of sacral segments is indispensable. After testing the
perianal sensitivity for light touch and pinprick (segments S4/S5), the sacral
reflexes, bulbocavernosus reflex (BCR) and anal reflex (AR) have to be examined
[5, 104]. Both the BCR and the AR represent the sacral segments S2–S4
(Fig. 4).

Suspected bladder dysfunc-

tion should be investigated

by urodynamic assessment

It is most important to acknowledge that the function of the bladder (detrusor
muscle) cannot be clinically assessed. The clinical diagnosis of urine retention
along with the possibility of overflow as a typical finding in an areflexive bladder
cannot be reliably distinguished from a reflex bladder activity with incontinence
by clinical inspection. Only a full urodynamic examination is able to diagnose in
detail the bladder function (areflexive versus hyperreflexive detrusor, bladder
capacity and compliance) and interaction with the sphincter functions (detrusor
sphincter dyssynergia) [29, 76, 103]. The latter test should be considered when
the clinical examination shows a pathological finding (sacral motor and reflex
disturbance) or the patient describes pathological micturition behavior.

Disorders of the Autonomic System

Deterioration of autonomous column and sympathetic fibers which are con-
ducted through the spinal cord becomes obvious in changed hidrosis. Patients
may report skin areas with increased (wheat) or reduced (dry skin) sweating
(hidrosis). However, these symptoms have to be specifically explored because
patients usually do not report these alterations spontaneously. Areas of reduced

The spoon test indicates

areas of altered hidrosis

sweating can be tested by the so-called spoon test: A teaspoon is lightly stroked
over the skin. On the line of demarcation between the normal (wheat) and
impaired (dry) skin region, the spoon has a reduced friction as the skin with
reduced hidrosis shows a lower adhesion [15, 20, 22, 74, 96, 97, 109, 121].

Neurological Assessment in Spinal Disorders Chapter 11 303



Spinal Cord Injury

SCI is assessed according

to the ASIA protocol

For spinal cord injury (SCI), the Standard for Neurological Classification of SCI
(Fig. 2) as developed by the American Spinal Injury Association (ASIA) provides
a standardized assessment protocol that can be applied in patients with acute and
chronic traumatic SCI [67–69].

The ASIA protocol allows important information to be obtained about the
level and extent of lesions in a reasonably short time [35, 67, 68]. It is important
to acknowledge that assigning one key muscle and one dermatome (defined by a
specific point) to represent a single spinal nerve segment is a simplification.
However, it could be shown that the ASIA testing allows for a reliable assessment
of the level and extent of lesions [73]. The neurological level refers to the lowest
segment of the spinal cord with normal sensory and motor function. Differentia-
tion between complete (ASIA A) and incomplete SCI (ASIA B–E) is given by the
absence (complete) or preservation (incomplete) of any sensory and motor func-
tion in the lowest sacral segment (S4/S5).

The ASIA protocol

is not approved

for non-traumatic SCI

In the ASIA protocol, appreciation of pinprick (algesia) and of light touch
(esthesia) is scored semiquantitatively on a three point scale (absent, impaired,
normal). The dermatomal key points defined by ASIA help to perform the sen-
sory examination in a standardized form. The involvement of sacral segments is
of predictable value for neurological outcome [125].

However, the ASIA protocol is not a suitable tool with which to guide the diag-
nosis of disorders affecting extraspinal neuronal structures, e.g. polyneuropathy,
plexus lesions or other peripheral neurological lesions. Furthermore, it does not
enable central lesions of spinal cord and brain disorders to be distinguished.

A pitfall in the diagnostic assessment of SCI is exhibited by the syndrome of
spinal shock. This initial state of transient depression of spinal cord function
below the level of injury is associated with loss of:

) all sensorimotor functions
) flaccid paralysis
) bowel and bladder dysfunction
) abolished tendon reflexes

Spinal shock can last from several days to weeks. The sacral reflexes [bulbocaver-
nosus (BCR) and anal (AR) reflexes] can be reliably assessed within 72 h after
injury and can be applied to search for an involvement of the conus medullaris
and cauda equina [5, 123] (Fig. 4).

The neurophysiological examination enables valid information to be
obtained about the functional deficit of the spinal cord at an early time point after
SCI (see Chapter 12 ) [26, 55].

Spinal Cord Syndrome

Impairment of the intraspinal neural structures, i.e. the myelon and cauda
equina, results in typical clinical syndromes. These syndromes may occur with
any cause of an incomplete spinal cord lesion and describe by clinical means the
primarily affected areas of the spinal cord (Table 3).

) Brown-Séquard syndrome (spinal hemisyndrome). This is caused by the
deterioration of only half of the spinal cord and results in ipsilateral propri-
oceptive and motor loss and contralateral loss of pain and temperature per-
ception (dissociated sensitive disorder).
) central cord syndrome. This lesion affects the central gray structures of the

spinal cord with deterioration of alpha-motoneurons and the crossing
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Table 3. Spinal cord injury syndromes

Syndrome Paresis Reflexes Sensory function Vasomotor
dysfunc-
tion

Bladder/
bowel

Frequent cause

Tendon
tap

Babinski AR and
BCR

Deep
pressure

Pain

Complete lesion
spinal shock flaccid – +/– + – – + flaccid trauma

C1–T1 spastic tetra ++ +/– + – – + spastic trauma

T2–T12 spastic para ++ +/– + – – + spastic trauma, tumor

conus spastic and/
or flabby

(+)– (+) – – – – spastic/
flaccid

trauma

cauda flaccid – – – – – – flaccid trauma, disc her-
niation

Incomplete lesion
Brown-
Séquard
syndrome

spastic
hemiparesis

++ ipsi-
lateral

+ ipsi-
lateral

+ – ipsi-
lateral

– contra-
lateral

+/– –/spastic trauma

central cord
syndrome

spastic tetra
(flaccid pare-
sis of upper
limbs)

++ + + +/– – + spastic trauma, cervical
stenosis, syrinx,
disc herniation,
OPLL

anterior cord
syndrome

flaccid paresis – +/– + + – – spastic ischemia

posterior cord
syndrome

spastic or no
paresis

+/++ +/– + – + – spastic vitamin B12 defi-
ciency syndrome

+ positive, ++ increased, – abolished

segmental spinothalamic fibers. The syndrome occurs most frequently in the
cervical region.
) anterior cord syndrome. This syndrome refers to the disturbance of the

anterior spinal artery with consecutive affection of the anterior part (bilat-
eral) of the cord. Thus, there is loss of motor function and of sensitivity to
pain and temperature (ventrolateral column).
) posterior cord syndrome. This syndrome occurs relatively seldom in trauma

and is more frequently seen in non-traumatic disorders (such as B12 defi-
ciency). It produces primarily proprioceptive impairment as a result of
impaired posterior column.
) conus medullaris syndrome. As a result of a compromise of the conus

medullaris (sacral spinal enlargement approximately at the spinal level L1–
L2 vertebrae) and/or cauda equina (lumbar nerve roots within the spinal
canal), a distinct pattern of bladder-bowel dysfunction and lower limb
impairment can be observed. Frequently a clear distinction between conus
medullaris and/or cauda equina lesion cannot be achieved. A pure cauda
equina lesion presents a remaining areflexive bladder dysfunction with loss
of sacral reflexes (BCR and AR) and saddle anesthesia. The lower limbs
show a flaccid paresis and in time a severe muscle atrophy. A conus medulla-
ris lesion can present a mixture of flaccid and spastic symptoms of both the
bladder and lower limbs depending on the localization within the conus.
Impotence accompanies both syndromes. The extent of symptoms depends
on the degree of damage (complete or incomplete) of the conus medullaris
and cauda equina.
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Differential Diagnosis

Differentiation of Central and Peripheral Paresis

Spasticity differentiates cen-

tral and peripheral lesions

The neurological examination should not only confirm if there is any neurologi-
cal deficit but provide a somatotopic assessment of the location of the lesion. A
frequent problem is the differentiation between (Table 4):

) central paresis (spastic paresis)
) peripheral paresis (flaccid paresis)

Differentiation between

spastic and flaccid paresis

allows the distinction

of central from peripheral

lesions

The differentiation into spastic and flaccid paresis is one of the most significant
factors for distinguishing between central and peripheral lesions.

A flaccid paresis indicates reduced or abolished muscle tone, while spastic pare-
sis is described by increased muscle tone with resistance to passive extension, brisk
jerks and cloni. The muscle resistance is especially present in fast passive extension
and at the start of movement. In the presence of spasticity, the muscle tone should
be assessed by the adapted Ashworth score (Table 5) [93, 110, 111].

Differentiation of Radicular and Peripheral Nerve Lesions

If a peripheral lesion is assumed, differentiation of a radicular and peripheral
nerve lesion is required. Differences in the dermatomal area of the roots and
peripheral nerves as well as differences in the key muscles may be helpful. How-
ever, the sensory examination can be very challenging particularly in elderly and
young patients, as well as in patients with impaired consciousness and psychiat-
ric disorders. Also the muscle strength testing depends on the cooperation of the
patient and is influenced by pain. The somatotopic relation between nerve root
and peripheral nerve is summarized in Tables 6 and 7. Because of the similarity
of symptoms, the clinical differentiation between some radicular syndromes and
peripheral or plexus lesions can be difficult.

Table 4. Clinical differentiation of central and peripheral paresis

Central paresis Peripheral paresis

) brisk tendon reflexes, muscle cloni ) diminished or absent tendon reflexes
) uni- or bilateral increased stretch reflexes and enlarged reflex zones ) reduced or absent polysynaptic reflexes
) pathological reflexes (Babinski sign, Gordon and Oppenheimer

reflexes), uni- and/or bilateral
) no evidence of pathological reflexes

) increased muscle tone ) flaccid muscle tone
) para- or hemi-like distribution of motor deficit ) distribution related to peripheral nerve inner-

vation
) spinal lesions from C1 to L1 (conus medullaris) ) lesions below L2

Table 5. Assessment of spasticity

Ashworth score Degree of muscle tone

0 ) no increase in muscle tone
1 ) slight increase in muscle tone, manifested by a catch and release or

by minimal resistance at the end of the range of motion when the
affected part(s) is moved in flexion or extension

2 ) slight increase in muscle tone, manifested by a catch, followed by
minimal resistance throughout the reminder (less than half ) of the
ROM

3 ) more marked increase in muscle tone through most of the ROM, but
affected part(s) easily moved

4 ) considerable increase in muscle tone passive, movement difficult
5 ) affected part(s) rigid in flexion or extension
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Table 6. Peripheral and segmental innervation of upper extremity muscles

Peripheral innervation Segmental
innervation

Muscles of the shoulder

trapezius ) accessory n. ) C3 – 4
latissimus dorsi ) thoracodorsal n. ) C6 – 8
rhomboids ) dorsal scapular n. ) C5
levator scapulae ) dorsal scapular n. ) C3 – 5
serratus posterior

(superior and inferior)
) thoracic n.s ) T1 – 12

deltoideus ) axillary n. ) C5 – 6
supraspinatus ) suprascapular n. ) C4 – 6
infraspinatus ) suprascapular n. ) C4 – 6
teres minor ) axillary n. ) C5 – 6
teres major ) subscapular n. ) C5 – 6
subscapularis ) subscapular n. ) C5 – 6

Muscles of the arm

biceps brachii ) musculocutaneous n. ) C5 – 7
brachialis ) musculocutaneous n. ) C5 – 7
coracobrachialis ) musculocutaneous n. ) C5 – 7
triceps brachii ) radial n. ) C7 – 8
anconeus ) radial n. ) C7 – 8
pronator teres ) median n. ) C6 – 7
flexor carpi radialis ) median n. ) C6 – 7
palmaris longus ) median n. ) C6 – 7
flexor digitorum superficialis ) median n. ) C7 – T1
flexor carpi ulnaris ) ulnar n. ) C8 – T1
flexor digitorum profundus ) ulnar n. (ulnar side)

) median n. (radial side)
) C8 – T1

flexor pollicis longus ) anterior interosseous branch of median n. ) C8 – T1
pronator quadratus ) anterior interosseous branch of median n. ) C8 – T1
brachioradialis ) radial n. ) C5 – 6
extensor carpi radialis longus ) radial n. ) C6 – 7
extensor carpi radialis brevis ) radial n. ) C6 – 7
extensor digitorum ) deep branch of radial n. ) C6 – 8
extensor digiti minimi ) deep branch of radial n. ) C6 – 8
extensor carpi ulnaris ) deep branch of radial n. ) C6 – 8
extensor pollicis longus ) deep branch of radial n. ) C6 – 8
extensor indicis longus ) deep branch of radial n. ) C6 – 8
abductor pollicis longus ) deep branch of radial n. ) C6 – 8
extensor pollicis brevis ) deep branch of radial n. ) C6 – 8
supinator muscle ) deep branch of radial n. ) C6

Muscles of the hand

palmaris brevis ) superficial branch of ulnar n. ) C8 – T1
abductor pollicis brevis ) median n. ) C8 – T1
opponens pollicis ) median n. ) C8 – T1
flexor pollicis brevis ) median n. (superficial head)

) ulnar n. (deep head)
) C8 – T1

adductor pollicis ) deep palmar branch of ulnar n. ) C8 – T1
lumbricales ) median n. (1st and 2nd)

) ulnar n. (3rd and 4th)
) C8 – T1

abductor digiti minimi ) deep palmar branch of ulnar n. ) C8 – T1
flexor digiti minimi brevis ) deep palmar branch of ulnar n. ) C8 – T1
opponens digiti minimi ) deep palmar branch of ulnar n. ) C8 – T1
palmaris brevis ) deep palmar branch of ulnar n. ) C8 – T1
interosseous ) deep palmar branch of ulnar n. ) C8 – T1

According to Sobotta [113]
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Table 7. Peripheral and segmental innervation of lower extremity muscles

Peripheral innervation Segmental
innervation

Muscles of the hip and thigh

iliopsoas ) muscular branch of the lumbar plexus ) L1 – 4
sartorius ) femoral n. ) L2 – 3
quadriceps ) femoral n. ) L2 – 4
pectineus ) femoral n. ) L2 – 4
adductor longus ) anterior branch of obturator n. ) L2 – 4
adductor brevis ) anterior branch of obturator n. ) L2 – 4
gracilis ) anterior branch of obturator n. ) L2 – 4
obturator externus ) anterior branch of obturator n. ) L3 – 4
adductor magnus ) posterior branch of obturator n.

) tibial part of sciatic n.
) L2 – 4
) L4 – S1

gluteus maximus ) inferior gluteal n. ) L5 – S1
gluteus medius ) superior gluteal n. ) L4 – S1
gluteus minimus ) superior gluteal n. ) L4 – S1
tensor fascia lata ) superior gluteal n. ) L4 – S1
piriformis ) 1st and 2nd sacral n.s ) S1 – 2
obturatus internus ) n. to obturator internus ) L5 – S2
gemelli ) n. to obturator internus ) L5 – S2
quadratus femoris ) n. to quadratus femoris ) L5 – S2

Muscles of the leg

biceps femoris ) tibial portion of the sciatic n. (long head)
) peroneal portion of the sciatic n. (short

head)

) S1 – 3
) L5 – S2

semitendinosus ) tibial portion of the sciatic n. ) L5 – S2
semimembranosus ) tibial portion of the sciatic n. ) L5 – S2
tibialis anterior ) deep peroneal n. ) L4 – S1
extensor hallucis longus ) deep peroneal n. ) L4 – S1
extensor digitorum longus ) deep peroneal n. ) L4 – S1
triceps surae ) tibial n. ) S1 – 2
soleus ) tibial n. ) S1 – 2
plantaris ) tibial n. ) S1 – 2
popliteus ) tibial n. ) L4 – S1
tibialis posterior ) tibial n. ) L5 – S1
flexor digitorum longus ) tibial n. ) L5 – S1
flexor hallucis longus ) tibial n. ) L5 – S1
peroneus longus ) superficial peroneal n. ) L4 – S1
peroneus brevis ) superficial peroneal n. ) L4 – S1

Muscles of the foot

extensor digitorum brevis ) deep peroneal n. ) L5 – S1
extensor hallucis brevis ) deep peroneal n. ) L5 – S1
abductor hallucis ) medial plantar n. ) L5 – S1
flexor hallucis ) medial plantar n. ) L5 – S1
adductor hallucis ) lateral plantar n. ) S2 – 3
abductor digiti minimi ) lateral plantar n. ) S2 – 3
flexor digiti minimi ) lateral plantar n. ) S2 – 3
opponens digiti minimi ) lateral plantar n. ) S2 – 3
flexor digitorum brevis ) medial plantar n. ) L5 – S1
quadratus plantae ) lateral plantar n. ) S2 – 3
interossei ) lateral plantar n. ) S1 – 2

According to Sobotta [113]
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Radiculopathies

The clinical presentations of the radicular syndromes are summarized in Table 8.
The exact differentiation between radicular and peripheral nerve damage may

demand neurophysiological studies, i.e. EMG to show denervation of root- and/
or nerve-specific muscles as well as neurography to exclude conduction delay of
the peripheral nerve. Entrapment syndromes are an important differential diag-
nosis of radicular lesions. Knowledge of the characteristic symptoms is manda-
tory (Table 9).

C5 Radiculopathy

In contrast to an isolated lesion of the musculocutaneous nerve, a C5 lesion
causes not only a paresis of the biceps muscle, but also of the scapular muscle

Table 8. Radicular syndromes and differential diagnosis

Root Dermatome Muscle Reflex Important differential diagnoses

C1 – 4 ) neck and collar ) neck muscles – ) lung carcinoma
) diaphragm (parado-

xic abdominal mus-
cle movements)

) neuritis of brachial plexus
) lymphoma
) thymome

C5 ) lateral shoulder ) deltoid muscle ) biceps reflex ) frozen shoulder
) Erb’s palsy
) neuralgic amyotrophy of the shoulder
) palsy of axillary nerve

C6 ) lateral arm and
thumb

) extensors of hand,
flexors of elbow

) biceps reflex ) carpal tunnel syndrome
) brachioradial

reflex
) radial nerve palsy

) musculocutaneous nerve palsy

C7 ) dorsum of shoulder
and arm into the
long finger

) triceps, wrist flexors,
finger extensors

) triceps reflex ) palsy of posterior interosseus nerve,
brachial plexus paralysis (middle part)

C8–T1 ) medial arm into
ulnar two digits

) intrinsic hand
muscles

) Trömner’s reflex ) palsy of anterior interosseus nerve
) brachial plexus paralysis (Klumpke type)
) thoracic outlet syndrome
) ulnar palsy

L2 ) inguinal ligament ) iliopsoas ) cremaster reflex ) femoral palsy
) hip osteoarthritis
) pelvic disorder (i.e. psoas muscle)

L3 ) medial femoral and
knee

) femoral adductors,
vastus medialis of
quadriceps muscle

) adductor reflex ) paralysis of obturator nerve
) pelvic disorder (aseptic necrosis of

symphysis)
) hip osteoarthritis

L4 ) lateral femoral and
medial shank

) vastus lateralis of
quadriceps muscle

) patellar reflex ) paralysis of femoral nerve

L5 ) lateral shank ) tibialis anterior
muscle

) tibialis posterior
reflex

) peroneal paralysis

S1 ) dorsal shank, along
heel into fifth digit
of foot

) gastrocnemius
muscle

) Achilles tendon
reflex

) tibial paralysis

) tarsal tunnel syndrome

S2 ) dorsal femoral ) ischiocrural muscles ) biceps femoris
reflex

) sciatic pain syndrome

S3 ) proximal medial
femoral

) bulbocavernosus
muscle and anal
sphincter

) bulbocavernosus
and anal reflex

) palsy of cutaneus posterior femoral
nerve (sacral plexus)

S4 – 5 ) perineum ) bulbocavernosus
muscle and anal
sphincter

) bulbocavernosus
and anal reflex

) palsy of clunium medii
) palsy of anococcygei nerves (coccygeal

plexus)
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Table 9. Frequent entrapment syndromes

Syndrome Findings

Carpal tunnel syndrome ) pain of hand and forearm, frequently at night (antebrachialgia nocturna)
hypesthesia of digits 1 to 3 including the radial side of digit 4
paresis and atrophy of the thenar muscles
positive Tinnel sign over the carpal tunnel

Sulcus ulnaris syndrome ) numbness of digits 4 and 5
paretic intrinsic hand muscles and hypothenar muscles
positive Tinnel sign over the ulnar sulcus

Thoracic outlet syndrome ) paresis of the intrinsic hand muscles
worsening of symptoms by elevating the shoulder
frequently associated with cervical rip or ligamental hypertrophy
pain of hand and forearm

Fibularis syndrome ) paretic foot elevation
numbness of the dorsal foot
often history of repeating pressure over the fibular caput

Tarsal tunnel syndrome ) paresis of short foot muscles
numbness of the plantar foot
atrophy of abductor hallucis muscle

group (supra- and infraspinatus, teres major and minor muscles). The sensory
deficits of a C5 radiculopathy are located at the posterolateral upper arm while
the musculocutaneous nerve also innervates the ventral aspects (see Chap-
ter 8 ).

C6 Radiculopathy

The sensory deficits in a C6 lesion may mimic median nerve lesion. However, in
median nerve lesion neither is the biceps tendon reflex (BTR) diminished nor the
biceps muscle paretic. Similarly, the middle finger is typically not involved in a
C6 hypesthesia but in a median nerve lesion.

C8/T1 Radiculopathy

This radiculopathy must be distinguished from an ulnar nerve lesion. In C8/T1
radiculopathy, the ulnar side of the forearm is hypesthesic and all intrinsic hand
muscles are affected. The ulnar nerve is mostly compressed within the sulcus,
resulting in paresis of the hypothenar and only those intrinsic hand muscles
innervated by the ulnar nerve. The sensory deficit affects the two ulnar fingers.

L3/4 Radiculopathy

In a neuropathy of the femoral nerve and in L3/4 radiculopathy, the patellar ten-
don reflex (PTR) is reduced or abolished with a predominant weakness of the
quadriceps muscles. However, detailed testing in femoral nerve neuropathy
shows a sensory deficit restricted to the ventral aspect of the thigh with paralysis
of hip flexion (iliopsoas muscle) while in L3/4 radiculopathy the sensory deficit
is extended to the medial site and below the knee with weakness of the thigh
adduction (adductor muscles).

L5 Radiculopathy

Paresis of foot elevation can be due to a L5 radiculopathy and/or a lesion of the
peroneal nerve (see Chapter 8 , Case Introduction). Clinical differentiation is
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possible by proving the hip abduction, which is also affected in a L5 radiculopa-
thy with weakness of the gluteal muscles (gluteus medius, tensor fasciae latae).

S1 Radiculopathy

In suspected S1 radiculopathy, damage of the tibial nerve, e.g. tibial tunnel syn-
drome or partial sciatic lesion, has to be excluded. While S1 radiculopathy is sig-
naled by diminished Achilles tendon reflex and weak foot extension, the tibial
nerve affection involves the toe and ankle extensor muscles while the peroneal
nerve lesion shows paresis of the toe and ankle flexor muscles.

Differential Diagnosis of Spinal Cord Compression Syndromes

This group of syndromes is due to obliteration of the spinal canal resulting in
compression of the neural structures. Both cervical and lumbar stenosis fre-
quently originate from degenerative (secondary) changes of the spine. Also a
congenitally narrow spinal canal (primary spinal canal stenosis) can be present,
which exposes the patient to an increased risk of compression syndromes and a
greater danger of neuronal damage in minor spine trauma. In Asian people (e.g.
Japanese individuals), an ossified posterior longitudinal ligament (OPLL) can
cause spinal cord compression, which is only rarely described in Caucasian peo-
ple. Although all compression syndromes present with distinct symptoms, dif-
ferential diagnosis from other disorders is mandatory in equivocal cases
(Table 10).

Table 10. Spinal cord compression syndromes

Compression syndrome Symptoms Differential diagnosis

Cervical stenosis ) clumsy painful hands ) multiple sclerosis
) disturbed fine motor skills ) Myelitis
) imbalance of gait ) B12 hypovitaminosis
) numb feet ) spinal tumors
) urinary urgency ) polyneuropathy (PNP)

) arteriovenous malformations

Thoracic stenosis ) lower limb sensory deficit ) disc herniation (often calcified)
) thoracic sensory level ) OPLL
) spastic paraparesis ) arteriovenous malformations
) bladder-bowel dysfunction ) spinal tumors

Lumbar stenosis ) tired legs and weakness on walking ) vascular claudication
) lumbar pain on walking ) spinal metastasis
) pain relief during sitting, lying and forward

bending
) polyneuropathy

Cauda equina syndrome ) severe leg pain ) cauda equina radiculitis (Elsberg’s syndrome)
) flaccid paraparesis ) lesion of pelvic plexus
) sensory loss of legs
) urinary and bowel incontinence
) saddle anesthesia

Miscellaneous Differential Diagnoses

Neurovascular Disorders

Girdle-like pain may be an

initial symptom of a spinal

ischemic or hemorrhagic

disorder

Non-traumatic acute paraplegia may be due to spinal ischemic or hemorrhagic
disorders. Typically, the first symptom is girdle-like pain in the dermatome refer-
ring to the involved level. Thereafter, motor paresis and sensory deficits appear,
mostly within minutes to a few hours. A very special but not so uncommon disor-
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der is the spinal decompression syndrome, which can be seen in scuba divers.
When the time requirement for decompression after deep diving is not ade-
quately followed (decompression sickness), microembolisms of non-resolved
nitrogen gas emboli can obstruct small branches of the anterior spinal artery and
cause a spinal ischemia. This can induce an anterior/central cord syndrome or
even complete SCI and represents one of the most serious complications in div-
ing [2, 19, 57, 59, 87]. In contrast hemorrhagic disorders are mostly based on
arteriovenous malformation or spontaneous spinal bleeding in patients with
anticoagulation treatment and often result in complete paraplegia.

Neurodegenerative Disorders

Neurodegenerative

disorders can be easily

confused with spinal

disorders particularly

in the early stages

Based on its frequency, multiple sclerosis is the most important differential diag-
nosis in suspected disorder of the spinal cord. Increased reflexes, ataxia, numb-
ness and paresis of limbs and bladder dysfunction can occur in both multiple
sclerosis and myelopathy. However, the presence of MRI signal changes (white
spots in T2 weighted images) in the brain and of the spinal cord without or with
only minor spinal cord compression indicating neurodegenerative-immunologic
disorders should be taken into the differential diagnosis. The definitive differen-
tial diagnosis demands further diagnostics, particularly the examination of
evoked potentials and the CSF [14, 50, 52, 63, 94].

Also very rare neurodegenerative disorders, e.g. amyotrophic lateral sclerosis
(ALS), in combination with minor degenerative spinal disorders can potentially
mimic a spinal disorder.

Inflammatory Disorders

A number of infectious diseases can be associated with myelitis. Various viruses,
i.e. herpes virus, human immune deficiency virus or poliomyelitis, may affect the
spinal cord, roots or peripheral nerves. With regard to the opportunities for ther-
apy, the diagnosis of a bacterial or viral infection of the spinal cord is particularly
important. Inflammatory disorders are often associated with systemic signs of
infection such as fever or respiratory infection and can show cutaneous efflores-
cences particularly in herpes zoster infection (Case Introduction). In patients
with assumed herpes zoster infection, immediate treatment with antiviral medi-
cation (acyclovir) is recommended.

Recapitulation

Epidemiology. Even though neurological symp-
toms in spinal disorders are not frequent, the neu-
rological examination is most important for the
planning of further diagnostic assessments and
therapy. In contrast to patients with traumatic spi-
nal disorders, who are mainly young patients suffer-
ing from non-traumatic spinal disorders, most pa-
tients are elderly. The most frequently involved
nerve roots are C5, C6, L5 and S1. In SCI about 45 %
of patients suffer from tetraplegia.

Classification. Neurological symptoms should be
related to the involved neural structures and differ-

entiate lesions of the central and peripheral ner-
vous system. Depending on the impaired spinal
segments, spinal cord injury is classified as paraple-
gia or tetraplegia and complete or incomplete.

Pathogenesis. Traumatic and non-traumatic spinal
lesions are distinguished while the neurological
symptoms are non-specific to the cause of lesion.
Therefore, in spinal disorders with unknown pathol-
ogy, a broad differential diagnosis has to be consid-
ered. In patients with acute onset of symptoms, spi-
nal, radicular and peripheral nerve disorders should
be distinguished.
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Clinical presentation. The medical history focuses
on the time of onset and duration of actual com-
plaints, dependence on physical activities as well as
other disorders that might impact spinal cord func-
tion. Radicular and peripheral lesions mostly cause
localized pain, muscle paresis and sensory disor-
ders in the related dermatomes. In contrast, deteri-
oration of spinal cord function results in more bilat-
eral and complex symptoms (impaired upper limb –
hand function, gait disorder, bladder and bowl dys-
function). Duration of symptoms is important for
the definition of etiology and urgency of therapy
(e.g. cauda equina syndrome). While acute trau-
matic disorders are most obviously degenerative,
metabolic and infectious diseases have be consid-
ered carefully.

Neurological examination. In spinal disorders it is
absolutely mandatory to exclude any neurological
lesions. Depending on the neurological deficit, fur-
ther diagnostic assessments should be initiated. To
assure a timely and thorough assessment, the clinical
examination has to follow an appointed algorithm.
After observing the gait, proprioceptive reflexes

and pathologic reflexes have to be assessed. In

peripheral lesions, proprioceptive reflexes are absent
or diminished, while in central lesions they might be
increased (cave: spinal shock). Pathological reflexes
indicate central (spinal and supraspinal) lesions.
Motor strength is subdivided into six grades
(M0 – M5), and key muscles both for radicular and
spinal lesions should be examined. The muscle

tonus has to be tested to differentiate spasticity
(modified Ashworth scale 1 – 5) from flabby paresis.
Subsequently, a sensory examination for touch and
pinprick sensation is performed. Impairment of pos-
terior column is diagnosed by assessing the sense of
vibration. Deterioration of sympathetic fibers

appears in changed hidrosis. In every case with or
without complained of bladder or bowel dysfunc-
tion, the sacral segments have to be examined.
However, the neurological examination is not sensi-
tive to the assessment of autonomic disorders (blad-
der, bowl, sexual and cardiovascular dysfunction). In
SCI the ASIA protocol enables the neurological
examination to be performed in a standardized form.
Further neurological tests depend on the results of
the clinical examination (detailed examination of
hand function, exclusion of cerebral damage,
peripheral nerve lesion, etc.).

Key Articles

Maynard FM, Jr, Bracken MB, Creasey G, Ditunno JF, Jr, Donovan WH, Ducker TB, et al.
(1997) International Standards for Neurological and Functional Classification of Spinal
Cord Injury. American Spinal Injury Association. Spinal Cord 35(5):266–74
This article describes the internationally standardized classification of a neurological
deficit after a traumatic spinal cord injury to score the extent (complete–incomplete) and
level of the spinal cord damage. It is the standard used in almost all SCI studies since 1996.

Siddall PJ, Loeser JD (2001) Pain following spinal cord injury. Spinal Cord 39(2):63–73
For the distinction of the frequently present different pain syndromes after SCI, the paper
presents the first internationally accepted clinical algorithm to qualify the complained of
pain and to distinguish the potential different causes.

Priebe MM, Sherwood AM, Thornby JI, Kharas NF, Markowski J (1996) Clinical assess-
ment of spasticity in spinal cord injury: a multidimensional problem. Arch Phys Med
Rehabil 77(7):713–6
The clinical description and quantification of spasticity in SCI can be semiquantitatively
documented by a standardized score and allows for monitoring changes over time.

Vroomen PC, de Krom MC, Wilmink JT, Kester AD, Knottnerus JA (2002) Diagnostic
value of history and physical examination in patients suspected of lumbosacral nerve
root compression. J Neurol Neurosurg Psychiatry 72(5):630–4
This paper demonstrates that the medical history provided by the patient about the onset
and characteristics of radicular pain is of highest value for the diagnosis of a lum-
bar-sacral nerve root compression. The study outlines that clinical tests and neuro-imag-
ine provide additional information but are only relevant in combination with a thor-
oughly taken medical history.

Verbiest H (1954) A radicular syndrome from developmental narrowing of the lumbar
vertebral canal. J Bone Joint Surg 36:230–237
Landmark paper describing the clinical characteristics of the neurogenic claudication
due to lumbar spinal canal stenosis.
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12
Neurophysiological Investigations

Armin Curt, Uta Kliesch

Core Messages

✔ Neurophysiological investigations go beyond
electromyographic recordings

✔ Evoked potentials (motor and sensory) allow
for the assessment of spinal fiber tracts

✔ Electromyography and nerve conduction
studies focus on the peripheral nerves

✔ Electrodiagnostics distinguish between acute
nerve damage and preexisting neuropathies

✔ Neurophysiological reflex studies provide
additional information about clinical reflexes

✔ Intraoperative monitoring improves neuropro-
tection in scoliosis surgery

✔ Electrodiagnostics predict clinical recovery in
spinal cord injury (SCI)

✔ Subclinical spinal cord impairment can be
objectified by neurophysiological recordings

✔ Electrodiagnostics confirm the clinical rele-
vance of spinal cord pathologies exposed by
neuroimages (morphological description by CT
or MR)

Historical Background

Electrical activity within

the muscle is recorded

by electromyography

The history of electrodiagnostics started in the 17–18th centuries with the dis-
covery in frogs that stroking a nerve generates a muscle contraction (Jan Swam-
merdam, 1637–1680) and the development by Alessandro Volta (1745–1827) of
the first device to produce electricity and to stimulate muscles (the term “volt” is
named in his honor). Luigi Galvani (1737–1798) made the first approaches to
neurophysiology by applying electrical stimulation to muscular tissue and
recording muscle contractions and force. The proof of electrical activity in vol-
untary muscle contractions was demonstrated in 1843 by Carlo Matteucci
(1811–1868) in frogs and by Emil Du Bois-Reymond (1818–1896) in humans.
This was the basis for the term “electromyography” (EMG). Following Charles
Sherrington’s (1857–1952) proposal of the concept of the motor unit in 1925 and
the invention of the concentric needle electrode by E.D. Adrian and D.E. Bronk in
1929, the clinical application of electrophysiological observations was developed
[23]. Finally, Herbert Jasper (1906–1999) developed the first electromyography
machine at McGill University (Montreal Neurological Institute), marking the
broad introduction of EMG into clinical practice [3].

Evoked potentials allow

for online surveillance

of spinal cord function

during surgery

The assessment of spinal pathways has been made possible by the introduc-
tion of somatosensory evoked potential (SSEP) recording since 1970 [the first
guidelines for SSEPs by the American Association of Electrodiagnostic Medicine
(AAEM) were released in 1984] and motor evoked potential (MEP) recording
from about 20 years ago. In 1980, P.A. Merton and M.H. Morton published the
first study on the stimulation of the cerebral cortex in the intact human subject
[28]. Anthony Barker at the University of Sheffield introduced a device for trans-
cranial magnetic stimulation (TMS) as a new clinical tool for non-invasive and
painless stimulation of the cerebral cortex [9]. Using the principle that a time-
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varying magnetic field will induce an electrical field for the activation of excit-
atory neurons enables MEPs to be recorded from several muscles.

Intraoperative

neuromonitoring started

in the late 1970s

In the late 1970s, intraoperative neuromonitoring using SSEPs during the cor-
rection of scoliosis was introduced, while recording using MEPs due to electrical
stimulation was introduced in the mid 1990s [14].

Neuroanatomy

The spinal cord covers

upper and lower

motoneuron pathways

In spinal disorders, an involvement of the central (CNS) and/or peripheral (PNS)
nervous systems has to be considered [35]. While radiculopathies and lesions of
the cauda equina exclusively affect branches of the PNS (radicular motor and
sensory nerve fibers), spinal disorders inducing spinal cord malfunction almost
always compromise both CNS and PNS structures. The alpha-motoneuron
located in the central part of the spinal cord (ventral horn of the gray matter) rep-
resents the most proximal part of the peripheral motor fibers. Motor fibers from
the alpha-motoneuron up to the motor endplates in the muscles constitute the
secondary motor pathways, and lesions within this system show characteristic
(clinical and electrophysiological) findings of a PNS lesion (lower motoneuron),
e.g., flaccid weakness with muscle atrophy and signs of neurogenic denervation.
In contrast, the peripheral sensory nerve fibers originate at the dorsal root gan-
glion, which is located outside the spinal canal. Therefore, in contrast to the
motor fibers, even severe intramedullary lesions do not affect the peripheral
branch of the sensory nerve fibers, and sensory nerve conduction studies remain
normal.

Severity of SCI is related

to localization, somatotopic

extent and completeness

of the lesion

The somatotopic organization (Fig. 1) of the longitudinal as-/descending spi-
nal tracts (corticospinal, dorsal column, spinothalamic) allows the differentia-
tion of the axial distribution of a lesion affecting more the anterior, posterior or
central part of the cord, as well as the hemicord or total cord [24]. The sagittal
localization and extension of a lesion are represented in the affection of motor

Figure 1. Somatotopic organization of the spinal cord
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and sensory segments and can be demonstrated by the affected motor levels
(extent of segments with denervation) as assessed by EMG. It has to be acknowl-
edged that the intramedullary segments are more rostrally located than the
related nerve roots and the alpha-motoneurons are distributed in columns over
several segments.

Neurophysiological Modalities

The purpose of this section is not to provide detailed technical and procedural
descriptions but to outline the general indications (strengths) of the specific
techniques and their limitations (weaknesses) in answering clinical questions.
The section aims to give guidance about the various electrophysiological tech-
niques and enables the correct technique to be chosen for the diagnostic assess-
ment of a spinal disorder with an assumed or obvious neurological affection.

Electromyography

EMG is the modality

of choice for the diagnosis

of a peripheral nervous

lesion

Electromyography (EMG) is one of the most frequently applied electrophysiolog-
ical techniques in spinal disorders and the term “EMG” is often almost synony-
mously used when asking for electrophysiological testing. It is the modality of
choice for identification of a lesion within the peripheral nervous system affect-
ing the lower motoneuron at any level (from the alpha-motoneuron within the
spinal cord down to the distal motor endplates located in the muscle).

Technique

Needle and surface EMG recordings should be distinguished. Surface EMG
recordings (cup electrodes attached to the skin) are primarily used for kinesiolo-
gical studies (when investigating to what extent a muscle is activated during a
complex motor task, such as walking) (Fig. 2), while needle EMG recordings are
used to search for lower motoneuron lesions. They are performed with bi- or
monopolar needles that have to be inserted into the target muscle. The insertion
induces some discomfort comparable to when taking blood. It is an invasive pro-
cedure and therefore the specific indications and contraindications (anticoagula-
tion treatment) need to be acknowledged. The EMG records the electrical activ-
ity within a muscle and is applied in the resting and activated muscle (some
cooperation from the patient is needed). Besides the proof of a neurogenic lesion,
myogenic motor disorders (myopathy, myotonic and muscle dystrophic disor-
ders) can also be diagnosed [19, 25, 29].

Indications

Signs of denervation in EMG

are temporarily delayed

while innervation patterns

change immediately

In spinal disorders, EMG is the method of choice for the identification of damage
within the peripheral motor nerve fibers (highest sensitivity). However, the
delay between the time of the actual damage and the first signs of denervation
(acute denervation potentials occur after a mean of 21 days) must be considered.
Also the activation pattern (complete or reduced interference) assessed during
voluntary activation (here the patient needs to cooperate and perform a volun-
tary activation) can be applied as soon as the very first few days after a lesion to
disclose a pathological innervation. The performance of EMG in several muscles
allows the specific localization of the nerve damage (somatotopic localization of
a lesion) to be indicated and for the differentiation of acute, subacute and chronic
axonal damage (denervation). EMG is also the method of choice for the demon-
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Figure 2. Electromyography

Spontaneous muscle activity is recorded at the target muscles.

stration of neurogenic reinnervation (subacute to chronic reinnervation pat-
tern).

Limitations

The extent of axonal nerve

damage and reinnervation

is difficult to quantify

Spinal disorders with demyelination of motor nerve fibers (very slowly evolving
neural compression as in benign tumor or stenosis) are less assessable by EMG.
The extent of axonal nerve damage and reinnervation cannot be easily quantified
by EMG. Needle EMG recordings provide some discomfort (which can be pain-
ful) for patients.

Nerve Conduction Studies

Motor and sensory nerve conduction studies (NCS) assess the conduction veloc-
ity (mainly properties provided by the myelination of peripheral nerves) and
amount of impulse transmission (axonal transport capacity). These parameters
distinguish between a primarily axonal and/or demyelinating neuropathy, which
cannot be achieved by the clinical examination. Frequently NCS are combined
with reflex recordings that provide additional information about changes in
nerve conduction.
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Figure 3. Nerve conduction studies

The nerve conduction velocity (NCV) is calculated dividing the distance between the stimulation points by the conduc-
tion time between these points.

Technique

Electrical stimulations (Fig. 3) applied along the peripheral nerve branch (distal
to proximal) and recordings by surface electrodes at the distal motor or sensory
site allow for the assessment of responses separately and for the calculation of
nerve conduction velocities (expressed in meters per second) by measuring the
distance [8, 20]. The compound muscle action potential (CMAP, in millivolts)
and the sensory action potential (in microvolts) are calculated to assess the axo-
nal nerve integrity.

Indications

Nerve conduction studies are primarily indicated in conditions assumed to affect
the peripheral nerves (damage or disorders of the plexus, peripheral nerves,
compartment syndromes, polyneuropathy), while they are not applicable for the

NCS are indicated for the

diagnosis of peripheral

neuropathy but not

radiculopathy

diagnosis of a radiculopathy [34]. NCS are the method of choice for the diagnosis
of a peripheral neuropathy (e.g., diabetic neuropathy) or nerve compression syn-
drome (carpal tunnel syndrome). They are very sensitive in demonstrating and
quantifying a conus medullaris and cauda equina lesion (i.e., when combined
with reflex recordings). However, isolated damage of S2–S5 roots can be missed.
In spinal cord injury (SCI), intramedullary alpha-motoneuron damage induces
a reduction of the CMAP of the related peripheral nerves, while the sensory NCS
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NCS are used to distinguish

between axonal and demye-

linating neuropathies

remains normal (a pattern which is able to exclude additional peripheral nerve
injury). As sensory NCS in contrast to the motor NCS remain unaffected in spinal
cord injuries, they enable the assessment of polyneuropathy in complete cauda
and conus medullaris lesions.

Limitations

The characteristic signs of acute nerve damage appear with a delay of about
10 days after damage (however, this is earlier than signs of denervation in the
EMG), and single recordings do not enable the acuteness of damage to be demon-
strated. Here, the EMG recordings are able to distinguish between an acute and
chronic course of nerve damage due to specific denervation potentials, which is
not possible by NCS. Changes in NCS allow the differentiation between primar-
ily demyelinating and axonal neuropathies, which are typically neuronal com-
plications in medical disorders (e.g., neuropathy due to diabetes mellitus or ure-
mia) but cannot be used to determine the underlying disorder.

F-Wave Recordings

F-wave recordings are not considered to be reflexes since only the motor
branches of a peripheral nerve become involved. They are not mediated via a
reflex arc where sensory and motor fibers are involved, like the tendon tap that
induces an afferent input on the spindle organ (stretch of muscle) and an excita-
tion of motoneurons in the spinal cord with an efferent motor response (the
muscle jerk is the reflex response).

Technique

The electrical stimulation of a peripheral nerve induces a bidirectional electrical
volley with a direct motor response (M-response of the orthodromic volley)
(Fig. 4) and an antidromic volley propagating to the alpha-motoneuron, inducing
an efferent motor response which travels back on the peripheral motor nerve
fibers. This response is called the F-wave. The patient should be in a relaxed posi-
tion without activation of the muscle.

Indications

F-wave recordings assess the alpha-motoneuron excitability and conduction
velocity of the peripheral motor branch [10, 22]. The excitability of F-wave

F-waves are sensitive

to spinal cord excitability

responses (expressed as a percentage of F-wave responses to 20 stimuli) can be
applied to diagnose the level of spinal shock as they become abolished or
reduced. They are sensitive to demyelinating motor neuropathies (e.g., diabetes
mellitus) and complement NCS.

Limitations

F-waves cannot assess the

extent of intramedullary and

peripheral axonal damage

F-waves are not sensitive enough to assess the extent of intramedullary and
peripheral axonal nerve damage (no quantification of damage). The responses
are not related to spasticity and are recordable only in some motor nerves (ulnar,
median, tibial nerves).
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Figure 4. F-wave

The F-wave is elicited by antidromic excitation of motor axons and reflexion of this excitation at the motoneuron. The
M-response is elicited by direct orthodromic excitation of the motor axon.

H-Reflex

The H-reflex recording is an electrophysiological investigation comparable to the
tendon-tap reflexes. This segmental reflex is activated by an afferent sensory
stimulus (electrical stimulation of the tibial nerve) and a monosynaptic trans-
mission to the corresponding efferent motoneuron (Fig. 5) [6, 7].

Technique

By submaximal electrical stimulation of a nerve, sensory afferents induce a
monosynaptically transmitted excitation of the corresponding alpha-motoneu-
ron and an indirect motor response can be recorded by surface electrodes. The
patient should be in a relaxed position without activation of the muscle.

Indications

The H-reflex provides

information about

sensorimotor interaction

The excitability and calculation of the tibial nerve H-reflex latency is a sensitive
measure in neuropathy and for the assessment of disturbance within the L5–S1
nerve roots. The H-reflex is less affected by spinal shock (it is reestablished
within 24 h after SCI) than clinical reflexes and the F-wave.
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Figure 5. H-reflex

The H-reflex is elicited by excitation of low-threshold Ia-afferent nerve fibers which then excite the motoneuron mono-
synaptically (indirect response). The M-response is elicited by direct orthodromic excitation of the motor axon when
using stronger stimulation intensity (indirect response).

Limitations

The H-reflex can only be

recorded from n. tibialis

The H-reflex recording per se is not able to distinguish between sensory or motor
nerve damage as the response is dependent on the whole reflex arc. It has to be
acknowledged that the reflex response can be modulated by several conditioning
maneuvers (Jendrassik maneuver) that are able to influence spinal excitability.
Clinically reliable H-reflex recordings are only achievable from the tibial nerves.

Somatosensory Evoked Potentials

Somatosensory evoked potentials (SSEPs) enable the assessment of sensory
nerve function across very long pathways through the body. By stimulation of
distant body parts (distal peripheral nerves or dermatomes), nerve impulses are
transmitted through parts of the peripheral and central nervous system and
responses can be recorded at the cortical level. The additional recording of
responses at different sites of the pathways (at the proximal segments of the
peripheral nerve or the plexus, and even at different levels of the spinal cord) can
be performed to localize the area or segment of the nerve affection. SSEPs do not
represent one single type of sensory fiber but are most closely related to vibra-
tion and proprioception. These sensory qualities are propagated by the dorsal
column within the spinal cord.
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Figure 6. Somatosensory evoked potentials

SSEPs are elicted by peripheral stimulation of afferent nerves (e.g. n. tibialis, n. ulnaris) and recorded as stimulus-synchro-
nized averaged brain activity.

Technique

SSEPs (Fig. 6) are cortical responses to repetitive electrical stimulations of
peripheral nerves that can be recorded without the necessary cooperation of the
patient (emergency, intraoperative) and can provide a survey of the sensory
pathway from very distal to the cortical level [36, 37]. The recordings can be per-
formed using surface electrodes, the electrical stimulations are below the level of
painful sensation and the responses represent averages of 100 and more stimula-
tions.

Indications

SSEPs assess damage

of the dorsal column

Superior to clinical sensory testing, SSEPs provide objective measures (latencies
and amplitudes) of dorsal column function and complement the subjective
responses of patients to sensory testing. Especially in patients who are unable to
cooperate sufficiently with difficult sensory tests or in whom due to a language
barrier reliable clinical testing is not possible, SSEPs complement the clinical
examination. Repeated measures are valuable for describing even minor changes
within the sensory nerve fibers. In spinal disorders with nerve compression (spi-
nal tumor or stenosis), even in clinically unsuspicious patients SSEPs can yield
pathological findings. The responses are only minimally influenced by medica-
tion.
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Limitations

SSEPs do not allow one

to differentiate whether

touch or pinprick sensation

is affected

SSEP recordings are not sensitive enough to assess specific sensory deficits. They
do not explicitly prove whether touch or pinprick sensation is affected, although
the excitability of an SSEP response in a patient reporting complete sensory loss
is proof that some sensory function is preserved. SSEP recordings do not relate
specifically to pain syndromes, which are one of the leading clinical syndromes
in spinal disorders.

Motor Evoked Potentials (Transcranial Magnetic Stimulation)

Motor evoked potentials (MEPs) comparable to SSEPs are able to assess the whole
motor pathways from the cortical level down to the distal muscle and therefore
are affected in lesions of the peripheral (peripheral nerve, plexus) and central
(spinal, cortical) nervous system.

Technique

In awake subjects, transcranial magnetic stimulation (TMS) enables non-pain-
ful excitation of cortical motoneurons to induce MEPs transmitted by the corti-
cospinal tract of the spinal cord and obtained from several muscles by surface
electrodes (Fig. 7) [15, 18]. Patients are required to cooperate with the examina-

Figure 7. Motor evoked potentials

Transcranial magnetic stimulation at the skull level leads to excitation of motor cortical neurons which is conveyed to the
spinal motoneurons. The excitation is recorded at the level of target muscles.
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tion while they are asked to perform a small preactivation of the target muscle.
Using the latter procedure, responses can be retrieved with a lower stimulation
threshold and reliable latencies can be calculated to demonstrate delayed
responses.

Indications

MEPs are the method

of choice for assessing

lesions of the

corticospinal tract

In addition to clinical motor testing (according to MRC grades), latencies and
amplitudes can be obtained for an objective quantification of the conduction
velocity and amount of response. MEP recordings are the method of choice for
demonstrating subclinical affections of the corticospinal motor tracts that are
less evident from clinical testing. The application of combined MEPs and motor
NCS can be performed to distinguish between spinal and peripheral affection of
the motor nerve fibers.

Limitations

MEP responses

are largely variable

The results obtained are not directly related to the clinical motor strength, and
MEP responses show a high variability of amplitude. Patients need to cooperate
with the testing. In patients suffering from epilepsy or having intracranial ferro-
magnetic devices, TMS should be performed only with strict indications.

Intraoperative Neuromonitoring

Intraoperative neuromonitoring is used for real-time surveillance of nerve func-
tion during spine surgery. Especially postsurgical neurological complications
such as paralysis are mainly due to an impaired vascular supply of the spinal cord
that cannot be controlled by the spine surgeon. Therefore, continuous monitor-
ing of sensory and motor nerve function ensures that the surgical manipulations
(suture of vessels or vascular compression due to stretching/correction of the
spine) do not compromise the mandatory blood supply for the maintenance of
nerve function. Especially in corrections of spinal deformities and during opera-
tions on spinal tumors, intraoperative neuromonitoring is able to improve surgi-
cal outcome.

Technique

In anesthetized patients, SSEPs and MEPs can be recorded to monitor spinal cord
function during spine surgery [5, 21, 31]. Mainly needle electrodes (at the corti-
cal level and muscles) are applied to ensure low impedance and reliable fixation
during surgery. During anesthesia MEPs are routinely evoked by transcranial
electrical (high voltage) stimulation with single or short train stimuli. While
SSEPs are averaged responses, MEPs are retrieved as single recordings.

Indications

Neuromonitoring

is indicated in surgery

with potential spinal cord

compromise

In spinal deformity surgery and in tumor surgery of the spine, intraoperative
neuromonitoring of the spinal cord is a recommended procedure to provide a
high level of safety for the patient and to give some guiding information to the
surgeon. In spinal cord injury the relevance of neuromonitoring has not been
established.
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Limitations

The performance of intraoperative neuromonitoring requires a commitment of
time (preparation of the setting) along with special equipment and trained staff.
It has been shown that surgical teams using neuromonitoring have reduced the
rate of neurological complications by more than 50% [32]. However, even with
spinal neuromonitoring some neurological complications can occur.

Role of Neurophysiology in Specific Disorders

Given the complexity of neuronal functions within and close to the spine (spinal
cord, radical nerve fibers, plexus, peripheral nerves), there is no single electro-
physiological measurement capable of being applied for testing, and combined
measures need to be used. The required combination should be determined by a
neurophysiologist, and the spine specialist should know the potential strengths
and weaknesses of the different neurophysiological assessments.

Spinal Cord Injury

In traumatic disorders of the spine, neurological deficits are primarily examined
according to the ASIA protocol, which allows for standardized assessment of sen-
sorimotor deficit by describing the level and completeness of the SCI [17]. In
patients not able to cooperate with a full clinical assessment, neurophysiological
recordings can overcome this limitation and provide additional quantitative
measures about spinal cord function.

Strengths

Neurophysiological studies

allow neuronal damage

to be objectified

Complementary to the clinical examination, neurophysiological recordings:

) objectify the neuronal damage (mainly independently of patient contribu-
tion) [11, 16, 27]
) describe the extent of spinal cord dysfunction in a superior manner to neu-

roimaging
) improve diagnosis and prognosis for treatment and rehabilitation [12]
) monitor the input of clinical treatment to the neural structures [13]

Weaknesses

The performance of neurophysiological recordings requires time and therefore
needs to be carefully integrated into the clinical diagnosis and therapeutic proce-
dures. There is also the need for specialized staff and equipment.

Cervical/Lumbar Radiculopathy

Neurophysiological studies

allow radiculopathy

to be differentiated from

peripheral neuropathy

Radiculopathy due to disc protrusion is the most frequent spinal disorder and
can be clinically diagnosed in cases with typical presentation without any addi-
tional neurophysiological recordings. However, in less typical cases or in the
presence of additional accompanying neurological and medical disorders, EMG
recordings are the method of choice for objectifying a radiculopathy of the motor
nerve fibers.
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Strengths

EMG recordings can be applied at all levels of radiculopathy. Using the needle
EMG examination, the corresponding radicular muscles can be investigated:

) to objectify a motor radiculopathy
) to examine distal (extremities) or proximal (paraspinal) EMGs
) to exclude neuropathies that can mimic comparable pain syndromes (plexo-

pathy)
) to reveal signs of reinnervation

Weaknesses

Neurophysiological studies

are not applicable

in anticoagulated patients

The following shortcomings of EMG recordings have to be acknowledged:

) EMG is not capable of documenting a pure sensory radiculopathy
) A normal EMG does not exclude a nerve compromise (i.e., severe pain in a

radiculopathy) that has not yet induced motor nerve damage
) EMG is not applicable in anticoagulated patients

Cervical Myelopathy

Cervical myelopathy mainly is combined nerve damage within the spinal cord
including: (1) affection of longitudinal pathways (dorsal column and corticospi-
nal motor tract), and (2) segmental damage of the gray matter (alpha-motoneu-
ron lesion). Predominantly patients complain about numbness of fingers, hands
and feet, as well as unspecific difficulties in walking. These complaints can be
easily misinterpreted as a neuropathic disorder.

Strengths

Combined neurophysiological recordings provide the opportunity to objectify
and quantify a neuronal compromise at the cervical level and:

Neurophysiological studies

allow myelopathy and neu-

ropathy to be differentiated

) distinguish between focal demyelination of longitudinal pathways (MEP,
SSEP) and gray matter damage (CMAP, EMG) [30, 33]
) confirm that a stenotic area with or without an intramedullary signal change

can be related to the presented neurological deficit
) exclude that in mainly elderly people neuropathies become misdiagnosed

Weaknesses

Comparable to the poor correlation of radiological findings (extent and type of
spinal canal stenosis) to clinical complaints:

) electrophysiological findings do not show a strong correlation with the
extent of clinical complaints
) the specificity of neurophysiological recordings is reduced in combined spi-

nal and peripheral nerve disorders

Lumbar Spinal Canal Stenosis

In typical clinical cases, the diagnosis of a neurogenic claudication is based on a
combined clinical and radiological (CT, MRI) examination. With the increase in
the elderly population and due to the improved techniques for identifying lum-
bar spinal canal stenosis, the extent of surgery performed due to neurogenic
claudication has dramatically increased in the last 20 years.
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Strengths

The combination of radiological, clinical and neurophysiological testing is
improving diagnostic sensitivity and specificity. In atypical presentation of the
disorder or in patients with other accompanying diseases:

) the affection of nerve function at the stenotic area can be disclosed and
quantified [2, 4]
) neuropathies can be excluded that can induce similar pain syndromes

(numbness of feet due to peripheral neuropathy) [1, 26]

Weaknesses

Comparable to cervical stenosis there is only a low correlation of the radiological
findings (extent and type of spinal canal stenosis) to the clinical complaints

) electrophysiological findings are not correlated to the extent of clinical
complaints
) in combined spinal and peripheral nerve disorders the specificity of the

neurophysiological recordings is reduced

Neurophysiology in Differential Diagnosis

Not only in the population of elderly patients do several differential diagnoses
have to be considered but especially when the complaints are demonstrated in an
atypical presentation.

Peripheral Nerve Lesion Versus Radiculopathy

Neurophysiological studies

allow radiculopathy

to be differentiated from

peripheral neuropathy

Damage to the nerve roots presents in a radicular distribution (see Chapters 8 ,
11 ) of sensory (dermatome) and motor (myotome) deficits, and electrophysio-
logical measurements are able to distinguish a peripheral nerve affection from a
radiculopathy. A peripheral nerve lesion, like the compression of the peroneal
nerve close to the fibula head, induces pathological findings in NCS (conduction
failure with reduced or even abolished CMAP) and pathological EMG findings in
the distal muscles innervated by the peroneal nerve; while a complete motor L5
radiculopathy shows no NCS pathology but produces pathological EMG findings
(signs of denervation) in both the distal (anterior tibial muscle) and the proximal
(gluteus medius, paravertebral muscles) L5 innervated muscles.

Neuropathy Versus Spinal Canal Stenosis

A polyneuropathy can mimic complaints similar to spinal canal stenosis (both
lumbar and cervical) with numbness and some weakness mainly in the lower

Neurophysiological studies

allow the exclusion

of additional peripheral

neuropathy

limbs. Also numbness of the fingers can be due to PNP, cervical myelopathy or
carpal tunnel syndrome. Atypically presented complaints should indicate that
combined SSEP and NCS recordings be performed, which are able to distinguish
between these disorders. In spinal canal stenosis the peripheral nerve conduc-
tion velocity of the related nerves remains normal while the SSEP recordings
become delayed due to a slowing within the spinal cord.
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Neuropathy

Four major forms of neuropathy can be distinguished:

) sensorimotor neuropathy
) autonomic neuropathy
) mononeuropathy
) polyneuropathy

The most common form is diabetic peripheral neuropathy, which mainly affects
the feet and legs. Neuropathic pain is common in cancer as a direct result of the
cancer in peripheral nerves (e.g., compression by a tumor), as a side effect of
many chemotherapy drugs, and renal disorders. Neuropathy often results in
numbness, and abnormal sensations called dysesthesia and allodynia that occur
either spontaneously or in reaction to external stimuli. Neuropathic pain is usu-
ally perceived as a steady burning and/or “pins and needles” and/or “electric
shock” sensations.

Nerve entrapment syndromes are mononeuropathies which usually affect
middle-aged and elderly patients. In patients suffering from atypical pain syn-
dromes of the upper limbs, carpal tunnel syndrome (CTS) should be excluded. A
thoracic outlet syndrome (TOS) and peripheral nerve compression at the elbow
or the loge de Guyon can confuse the clinical diagnosis. While typical representa-
tions of these entrapment syndromes do not cause any particular clinical prob-
lems in diagnosis, atypical cases can be challenging. Nerve conduction studies
are the method of choice for objectifying a nerve entrapment and are able to
identify the localization of nerve compression.

Myopathy and Myotonic Disorders

In patients with walking difficulties and pain and fatigue after walking short dis-
tances, muscle disorders also have to be considered. Myopathies are neuromus-
cular disorders in which the primary symptom is muscle weakness due to dys-
function of muscle fibers but frequently present symptoms of muscle cramps,
stiffness, and spasm. Congenital myopathies (mitochondrial myopathies, myog-
lobinurias) and muscular dystrophies (progressive weakness in voluntary mus-
cles, sometimes evident at birth) are distinguished from acquired myopathies
(dermatomyositis, myositis ossificans, polymyositis, inclusion body myositis).
Neuromyotonias are characterized by alternating episodes of twitching and stiff-

Neurophysiological studies

are sensitive in diagnosing

myopathic disorders

ness, while the stiff-man syndrome presents episodes of rigidity and reflex
spasms that can be life threatening. EMG recordings are most sensitive for identi-
fying myopathic disorders and are complemented by blood and biopsy work-ups
for the specification of the disorder.

Hereditary and Neurodegenerative Disease

Neurogenic spine deformities are frequently seen in juvenile neuromuscular dis-
orders (hereditary sensorimotor neuropathies, e.g., Charcot-Marie-Tooth neu-
ropathy, spinal muscle atrophy, hereditary myopathies), and electrodiagnostic
assessments are mandatory when the underlying clinical disorder has not yet
been identified. In adults, spinal deformities can develop due to neurodegenera-
tive diseases [rarely in amyotrophic lateral sclerosis (ALS), atypical Parkinson’s Neurophysiological studies

are helpful in diagnosing

neurodegenerative

disorders

syndrome with trunk instability], and it is mandatory to define the pathology as
this should have an impact on the surgical approach. In these disorders com-
bined electrophysiological recordings are applied to assess alpha-motoneuron or
peripheral nerve affections.
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Recapitulation

Neurophysiological modalities. The techniques
and standards of clinical neurophysiological meth-
ods provide the capability to assess different com-
ponents of the peripheral and central nervous sys-

tems. Besides the well-known EMG, several record-
ings are available that address very specific ques-
tions. Therefore, it is important to consider that
combined electrodiagnostic recordings have to be
applied to evaluate the different neuronal struc-
tures and functions. As spinal disorders are actually
on the borderline between central (spinal) and pe-
ripheral (radicular, conus cauda) neuronal ele-
ments, the neurophysiological assessments need to
cover these areas. Neurophysiological assessments
only complement the clinical neurological exami-

nation and are intended to provide information
that is not or is less precisely retrievable by clinical
testing. These assessments in general do not aim to

evaluate complex body functions, like walking and
hand function, but to objectify the function of

neuronal subcomponents (conduction velocity of
nerve fibers) that contributes to the major function,
as well as to improve the somatotopic localization
of nerve damage.

Specific spinal disorders. The neurophysiological

investigations should be specifically targeted to
the assumed or evident spine disorders to identify
and quantify the neuronal damage. In disorders
that compromise the spinal cord or radicular nerves

but have not yet induced structural damage, the
neurophysiological recordings will not indicate any
suspected disorder although the patients can be
suffering from severe pain. Vice versa, in patients
with only minor clinical complaints the neurophysi-
ological recordings can reveal already advanced
neural damage. Therefore, the main goal for neuro-
physiological recordings is to objectify whether a
radiologically exposed pathological finding is re-
lated to assumed neuronal damage or to prove the
presence of a neuronal compromise although the
radiological findings are unsuspicious. In patients
suffering from complex and/or multiple disorders
the neurophysiological recordings can give confi-
dence about the relevance of a pathological finding.

Neurophysiology for differential diagnosis. The dif-
ferent neurophysiological recordings allow for the
diagnosis of a huge variety of neuronal diseases that
have to be considered in spinal disorders. As record-
ing the evoked potentials (SSEPs, MEPs) allows for
the assessment of spinal cord function, EMG and
nerve conduction studies focus on the peripheral
nervous system and distinguish between the affec-
tion of motor and sensory fibers. These techniques
enable the localization of injury and the distinction
to be made between primary demyelination and ax-
onal damage. The recordings can be utilized for fol-
low-up recordings to monitor both the progression
and the recovery from an injury/disorder.

Key Articles

Merton PA, Morton MH (1980) Stimulation of the cerebral cortex in the intact human
subject. Nature 285:227
Landmark paper introducing transcranial magnetic stimulation for the assessment of
motor pathways of the central nervous system in the awake human subject.

Forbes HJ, Allan PW, Waller CS, Jones SJ, Edgar MA, Webb PJ, Ransford AO (1991) Spinal
cord monitoring in scoliosis surgery. Experience in 1168 cases. J Bone Joint Surg (Br)
73B:487–91
First proof of the significance of intraoperative neuromonitoring in scoliosis surgery to
reduce postoperative neurological deficits.

Owen JH, Sponseller PD, Szymanski J, Hurdle M (1995) Efficacy of multimodality spinal
cord monitoring during surgery for neuromuscular scoliosis. Spine 20:1480–88
This study demonstrated the improvement of neuromonitoring by the application of
combined recordings.

de Noordhout AM, Rapisarda G, Bogacz D, Gerard P, De Pasqua V, Pennisi G, Delawaide
PJ (1999) Corticomotoneuronal synaptic connections in normal man: an electrophysio-
logical study. Brain 122:1327–1340
This study showed that direct cortico-motoneuronal connections can be assessed by
motor evoked potentials.
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Jones KE, Lyons M, Bawa P, Lemon RN (1994) Recruitment order of motoneurons during
functional tasks. Exp Brain Res 100(3):503–508
This paper showed the ability to assess different types of motoneurons in humans by the
performance of specific motor tasks.

Yamada T (2000) Neuroanatomic substrates of lower extremity somatosensory evoked
potentials. J Clin Neurophysiol 17(3):269–79
This paper summarizes the technical issues and the clinical indication of tibial SSEPs, as
well as the pitfalls that have to be considered for the application in diagnostics of neuro-
logical and spine disorders.

Angel RW, Hofmann WW (1963) The H reflex in normal, spastic, and rigid subjects.
Arch Neurol 9:591–6
Landmark paper introducing the H-reflex for clinical diagnostics.
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13
Surgical Approaches

Norbert Boos, Claudio Affolter, Martin Merkle, Frank J. Ruehli

Core Messages

✔ Preoperative planning of the procedure is key
to surgical success

✔ An in-depth knowledge of the surgical anat-
omy is a prerequisite for successful surgery

✔ Detailed anatomical knowledge helps to avoid
serious complications

✔ Optimal patient positioning is essential to facili-
tate the approach and avoid complications

✔ Use an image intensifier or radiographic control
to avoid wrong level surgery

✔ A profound anatomical knowledge of screw tra-
jectories is a prerequisite for safe spinal stabili-
zation techniques

✔ Computer assisted surgery does not compen-
sate for insufficient anatomical knowledge and
can be dangerous in inexperienced hands

Surgery and Planning

Surgery starts with detailed

preoperative planning

Successful surgery always starts with a detailed preoperative planning of the
intervention. Although as simple as it is obvious, a profound knowledge of the
surgical anatomy is the prerequisite to achieving the goals of surgery and helping
to avoid serious complications. Surgery is a three-dimensional process and none
of the excellent but two-dimensional textbooks can substitute for anatomical dis-
section studies. The surgeon must always consider possible complications which
may require extending the surgical approach or changing the approach site, i.e. a
change from posterior to anterior or from one body cavity to another. This neces-
sity regularly occurs and the surgeon needs to be prepared or to arrange for a
more experienced surgeon to be on hand in case help is needed.

Patient positioning

is key to an excellent

outcome

Great care should also be taken to position the patient correctly on the operat-
ing table to avoid pressure sores, neural peripheral nerve compression, or pres-
sure on the eyes, which can result in blindness [33, 37, 48, 69]. Insufficient prone
positioning of a patient (compressed abdomen) can result in excessive epidural
bleeding, which may prevent a successful neural decompression. Some elderly
patients have reduced shoulder mobility and are unable to abduct and externally
rotate the arm. This can cause a significant problem when positioning the patient
prone for, e.g. posterior decompression surgery.

This chapter does not substitute for an in-depth study of anatomical or surgi-
cal textbooks with detailed descriptions of the surgical anatomy or techniques
but aims to review and summarize the most frequently used surgical approaches
to the spine.

Anterior Medial Approach to Cervical Spine

The anteromedial approach

is within anatomical planes

The anterior medial approach to the cervical spine was introduced in the late
1950s by Cauchoix [13] and Southwick [63]. This approach has become the gold
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standard for the surgical access to the lower cervical spine. It is the most anatomi-
cal approach because it accesses the spine through anatomical planes with mini-
mal collateral soft tissue damage.

Indications

The anterior medial approach to the cervical spine is indicated in cases with a
spinal pathology between C3 and T1. However, the anterocaudal surface of the
axis can also be reached, which is of relevance in the case of an anterior screw fix-
ation stabilizing a dens fracture. In slim patients with a long neck, the approach
can be extended even down to T2. In these cases, a lateral radiograph should be
performed prior to surgery to explore the feasibility of the approach (Table 1):

Table 1. Indications for the anteromedial approach (C3–T1)

) disc herniation ) cervical fracture/instability
) spondylotic radiculopathy ) dens fractures
) spondylotic myelopathy ) tumors
) spinal deformities (anterior release) ) infections

Patient Positioning

Recurrent laryngeal nerve

lesion is somewhat less

frequent on the left side

Before positioning the patient, the decision has to be made whether the anterome-
dial approach is carried out from the left or the right side. Some right-handed sur-
geons prefer the right-sided approach for convenience. The left-sided approach is
associated with a lower frequency of recurrent laryngeal nerve lesions particu-
larly for the approach to the distal (C6–T1) cervical spine [17, 47, 53].

The patient is best positioned on a horseshoe type headrest with the head in
extension. The shoulders and arms (parallel to the body) are pulled caudally with
broad nylon tapes over the acromion to expose as much of the spine as possible for
lateral imaging and verification of the level. To allow for this trapping, a footrest

Figure 1. Patient positioning for anterior cervical spine surgery
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should be used; otherwise the patient slides down the operating table. In case of
cervical fractures, a Gardner-Wells extension can be used simultaneously (Fig. 1).

Surgical Exposure

Landmarks for Skin Incision

An image intensifier is used

for exact transverse incision

placement

The incision is parallel to the anterior border of the sternocleidomastoideus
muscle for multilevel pathology and allows a wide exposure. In cases of one or
two level surgery, a transverse incision along a skin fold allows for a minimal
access surgery and a better cosmetic result. The horizontal skin incision should
be centered directly over the pathology. Anatomical landmarks guiding the
placement of the incision are (Fig. 2a):

) angle/lower border of the mandible (C2)
) hyoid bone (C3/4)
) laryngeal prominence (C4/5)
) thyroid cartilage (C5)
) cricoid cartilage (C6)
) manubrium sterni (T1)

However, image intensifier control is always recommended because the land-
marks can be variable.

Superficial Surgical Dissection

After dissection of the subcutaneous fat, the platysma is preferably incised longi-
tudinally, but transverse dissection is acceptable for better exposure. Underneath
the platysma, the superficial layer of the cervical fascia is dissected. The medial
border of the sternocleidomastoid muscle must be identified to guide the sur-
geon to the target anatomical plane between (Fig. 2b):

) musculovisceral column (infrahyoid muscles, esophagus, trachea) medially
) neurovascular bundle laterally (carotid artery, internal jugular vein, vagus

nerve)

Avoid dissection lateral

to the sternocleidomastoid

muscle

The superficial branch of the ansa cervicalis (anastomosis of the transverse colli
nerve and the ramus colli of the facial nerve) is often not identifiable and is there-
fore difficult to preserve. Far lateral dissection lateral to the sternocleidomastoid
muscle should be avoided to preserve the:

) greater auricular nerve

The dense superficial layer of the cervical fascia is opened with scissors. With
small sponge sticks (peanuts) the plane is further developed. Branches of the
external jugular vein are ligated or coagulated (if small). The obliquely running
omohyoid muscle has to be retracted superiorly, inferiorly, or cut (ligated)
depending on the necessary exposure (Fig. 2c). After identifying the pulsating
carotid artery laterally, the pretracheal lamina of the cervical fascia is incised
medial to the neurovascular bundle.

Intermediate Surgical Dissection

After the opening of the pretracheal fascia, further preparation is done bluntly
with peanuts. The deep ansa cervicalis is an anastomosis of the radix inferior (C2
and C3) and radix superior (C1 and C2) and lies under the superior border of the
omohyoid muscle. The deep ansa cervicalis has to be retracted cranially or cau-
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Figure 2. Surgical anatomy of the anteromedial approach

a Landmarks for skin incision. b Cross-sectional anatomy at the level of C6. c Superficial dissection. d Intermediate surgi-
cal dissection. e Deep surgical dissection. f Deep surgical dissection with exposure of the cervicothoracic junction.

dally. For multilevel exposure of the cervical spine a dissection may be required.
Depending on the level of approach, either the superior (level C3–C4) or inferior
(level C6–C7) thyroid vein and artery have to be identified, retracted either prox-
imally or distally or dissected/ligated for multilevel exposure. For exposure of the
upper part of the cervical spine (C4–C2), care must be taken not to injure the:

) hypoglossal nerve
) superior laryngeal nerve
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The hypoglossal nerve lies medial to the vagal nerve and internal carotid artery
close to the angle of the mandible. The nerve passes from laterally to medially
and lies anterior to the lingual and facial artery (arcus hypoglossi). It reaches the
tongue muscles over the anterior border of the hypoglossal muscle. If necessary,
the lingual and facial artery (branches of the external carotid artery) can be
ligated. However, they protect the hypoglossus nerve from too much tension and

Injury to the superior

laryngeal nerve is a frequent

cause of dysphagia

should therefore be preserved if possible. The superior laryngeal nerve lies
medial to the internal carotid artery and separates into an external ramus (con-
strictor pharyngis inferior and cricothyroid muscle) and an internal ramus to the
mucosa of the larynx (Fig. 2d).

Deep Surgical Dissection

The prevertebral fascia is exposed by retracting the musculovisceral column
medially and the neurovascular bundle laterally. During this step, injury can
occur to the:

) recurrent (inferior) laryngeal nerve

The inferior laryngeal nerve

exhibits a different course

for each side

The inferior laryngeal nerve originates from the vagus nerve with a different
course for each side. While the right-sided nerve crosses around the subclavian
artery and takes a more anterolateral and vertical course, the left-sided nerve
courses around the aortic arc and reaches the musculovisceral bundle more dis-
tally. Therefore, retraction of the musculovisceral column exposes the nerve to
less tension on the left than on the right side [17, 47, 53].

After a longitudinal incision of the prevertebral fascia of the cervical spine, the
anterior longitudinal ligament is exposed in the midline. The longus colli muscle
is elevated and retracted laterally to expose the vertebral bodies and interverte-
bral discs. Too far lateral exposure under the longus colli may jeopardize the ver-
tebral artery, which usually enters the cervical spine at C6 [16, 57, 71]. The sym-
pathetic trunk lies in the prevertebral fascia in front of the longus colli muscles
and can be injured when stripped off the longus colli muscle to dissect the verte- Damage to the sympathetic

trunk may result in Horner’s

syndrome

brae and discs (Fig. 2e). Damage to the sympathetic trunk can lead to the devel-
opment of a Horner’s syndrome (i.e. ptosis, meiosis, and anhidrosis) [47].

The distal angle of the exposure is limited by the level of the manubrium sterni
in relation to the spine. In patients with a long neck, T2 can be reached by this
approach. However, the maximum caudal exposure is limited by the great vessels
of the mediastinum, which are situated in front of T3 [25]. When exposing the
vertebral bodies and discs below C7, care must be taken not to injure the thoracic
duct and the pleura (Fig. 2f).

Wound Closure

Always use prevertebral

suction drainage

The anterolateral approach is an anatomical approach achieved mainly by blunt
dissection, which facilitates wound closure. The wound is closed by suturing the
platysma, the subcutaneous tissue layer and the skin. Because large vessels are
being dissected and ligated, there is a risk of recurrent bleeding. Such a hema-
toma can rapidly compress the trachea and make reintubation of the patient
impossible. Therefore, a prevertebral suction drainage is mandatory, which
needs to be sutured to avoid the loss of the drainage during transfer.

Pitfalls and Complications

The most frequent pitfall in the approach to the cervical spine is the inappropri-
ate level of approach. Therefore, we recommend using an image intensifier for
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Identify and regularly

check the pulsation

of the carotid artery

level localization. The structures at risk during this approach have been listed
above. A deleterious pitfall is the risk of unintentionally retracting the carotid
artery medially instead of laterally. Therefore, the pulse of this artery must be
palpated to ensure that the artery is indeed lateral.

The overall risk of operative complications remains small but significant [72].
In 450 cases of anterior cervical discectomy, the rates of recurrent nerve palsy
and Horner’s syndrome were 1.3% and 1.1%, respectively [9]. However, the true
rate of nerve root injury based on laryngoscopy is substantially higher (24%)
[34]. Apfelbaum suggested monitoring endotracheal tube (ET) cuff pressure and
release of the pressure after retractor replacement or repositioning has been
used, which enables the ET to be recentered within the larynx [4]. The natural
history of a recurrent nerve lesion is benign [34]. Complete recovery of vocal
cord function was documented in 26 (93%) of 28 patients who had undergone a
thyroidectomy [46]. Dysphagia is a not uncommon problem after anterior cervi-
cal spine surgery. Overall the incidence of dysphagia 2 years after anterior cervi-
cal spine surgery was 13.6% based on the analysis of 348 cases [43]. Risk factors
for long-term dysphagia after anterior cervical spine surgery include gender,
revision surgery, and multilevel surgery. The use of instrumentation, higher lev-
els, or corpectomy versus discectomy did not significantly increase the preva-
lence of dysphagia [43]. Vertebral artery injury is a rare (0.3%) complication in
cervical discectomy [10]. However, in a report on 185 corpectomies, the vertebral
artery was injured in four patients [18].

Posterior Approach to the Cervical Spine

The anterior and posterior approaches are both frequently used to approach the
cervical spine in a variety of disorders [58]. However, usually the anterior
approach is preferred because of the minimal collateral soft-tissue damage. The
posterior approach necessitates dissecting the neck muscles, which can be
related to persistent postoperative neck pain.

Indications

The posterior approach to the cervical spine is predominantly indicated in cases
with multisegmental degenerative changes or with craniocervical disorders
(Table 2):

Table 2. Indications for the posterior approach to the cranio-cervical-thoracic spine (C0–T)

) spondylotic radiculopathy ) cervical fracture/instability
) spondylotic myelopathy ) chronic dens fractures
) cervical instability in rheumatoid arthritis ) tumors
) multisegmental degenerative changes ) infections
) spinal deformities

Patient Positioning

A Mayfield clamp

is preferred for the

headrest/fixation

The positioning of the patient in the prone position is best accomplished using a
Mayfield head clamp (Fig. 3). The clamp is applied before turning the patient into
the prone position. This fixation avoids pressure sores on the face, which are not
infrequent when using other types of headrest (e.g. the horseshoe type). We use
a carbon fiber clamp, which allows for anteroposterior imaging. The shoulders
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Figure 3. Patient positioning for posterior cervical spine surgery

Positioning of the patient with a Mayfield clamp and electrodes on the head for neuromonitoring.

and arms (parallel to the body) are pulled down using nylon tapes to expose the
cervical spine as much as possible. A footrest allows the whole table to be tilted
head up, which accommodates the surgical approach.

Surgical Exposure

Landmarks for Skin Incision

The landmarks of skin incision are:

) external occipital protuberance
) spinous processes C2–C7

The skin incision is along the midline from the external occipital protuberance
towards caudal depending on the target region. When a short level exposure is
attempted, image intensifier control is recommended to avoid unnecessary
detachment of the posterior spinal muscles (Fig. 4a).

Superficial Surgical Dissection

After skin incision and splitting of the subcutaneous tissue, the superficial surgi-
cal dissection should first identify the nuchal ligament. With a diathermy knife
the muscles are detached subperiosteally from the spinous process. The superfi-
cial muscle layer consists of (Fig. 4b):

) trapezius muscle
) posterior serratus muscle
) splenius capitis muscle
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Figure 4. Surgical anatomy of the posterior cervical approach

a Landmark for skin incision. b Superficial and intermediate muscle layers. c Exposure of the craniocervical junction with
osteotomy of the spinous process for osteoligamentous muscle detachment. d Surgical anatomy at the craniocervical
junction.

The posterior cervical

exposure can lead

to significant bleeding

The intermediate muscle layer consists of:

) semispinalis capitis muscle

After sharp detachment the muscles are pushed laterally as one conglomerate
with sponge rolls using a Cobb raspatory. Dissection of each muscle layer is
unnecessary. In some patients, heavy bleeding is encountered which has to be
borne in mind when performing this approach. Dense packing of the space
between the spinous process and the laterally retracted muscles helps to control
the bleeding. When the spine is exposed the bleeding usually stops, i.e. bleeding
vessels can easily be identified and coagulated. During the superficial dissection
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care has to be taken not to injure the greater occipital nerve (Fig. 4b), necessitat-
ing a midline approach.

Deep Surgical Dissection

For exposure of the craniocervical junction, it is recommended to osteotomize
with a chisel (or oscillating saw) the muscle insertion of the deep muscle layer from
the spinous process of C2 (Fig. 4c). The deep muscle layer consists of cranially:

) rectus capitis posterior major and minor muscle
) oblique capitis inferior muscle

and caudally:

) multifidus muscle
) semispinalis cervicis muscle

The rationale for an osseous detachment is the better refixation of these muscles
to counteract postoperative kyphosis.

Exposure of the atlantoaxial

joint jeopardizes the 2nd

cervical nerve

When exposing the craniocervical junction (Fig. 4d), care has to be taken not
to injure the:

) vertebral artery
) second cervical nerve (greater occipital nerve)
) third cervical nerve

The vertebral artery turns around the lateral mass of the atlas from lateral to
medial and disappears into the foramen magnum through the atlanto-occipital
membrane. The second cervical nerve exits the spinal canal medial to the facet
joint, crosses that joint posteriorly in a horizontal direction and curves around the
oblique capitis inferior muscle before it runs cranially to innervate the occipital
skin. The third cervical nerve exits the foramen and separates the posterior ramus,
which runs medial to the second cervical nerve on its course to the occiput.

Wound Closure

In cases in which the insertion of the neck muscles has been detached from the
tip of the spinous process with an osteoligamentous flap, a transosseous suture of
the detached muscle is done with a slowly dissolving suture. The wound is closed
with one or two subfascial suction drainages. The fascia, subcutaneous tissue and
skin are sutured in separate layers.

Pitfalls and Complications

Exposure of C1 can cause

vertebral artery injury

The vertebral artery is at risk when a sublaminar wire is passed around the arch of
C1. It is therefore mandatory to start in the midline to subperiosteally liberate the
atlanto-occipital membrane from the bone with a blunt probe before the wire is
passed with a wire passer (Dechamps). During the exposure of the atlantoaxial
joint, the second cervical nerve is endangered because of its horizontal course over
the posterior aspect. The craniocervical junction is highly vascularized by a large
venous plexus. Blind coagulation may jeopardize the second or third cervical nerve.

Right-Sided Thoracotomy

The thoracotomy approach for the treatment of spinal disorders has been pio-
neered by Capener [12] and Hodgson [19, 31, 32]. Today, it has become a stan-
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If not determined by the

pathology, the right sided

approach is preferred

dard approach for the treatment of thoracic spinal disorders including defor-
mity, tumor or infection. In deformity surgery, the approach is always on the
side of the apex of the curve, i.e. a right-sided thoracotomy is chosen for a right-
sided curve. In cases in which the spinal pathology does not dictate the side of
the thoracotomy, the right side is preferred because of the contralateral position
of the aorta.

Indications

The indication for a thoracotomy is a spinal pathology located between T4 and
T10 (Table 3):

Table 3. Indications for a thoracotomy (T4–T11) and thoraco-phrenico-lumbotomy (T9–L5)

) spinal deformities ) thoracic fractures/instabilities
) degenerative disorders ) tumors

) infections

Patient Positioning

The patient is positioned in a left-sided decubitus position on a soft rubber mat-
tress. Alternatively, a vacuum mattress can be used which is helpful in large
patients and better stabilizes the patient. Both arms are positioned at 90 degrees
elevation and flexion of the elbow (Fig. 5a, b). The legs are positioned straight
with the right leg on top of the left leg. We use a foam rubber block with a cavity
for the lower leg. The right leg can then easily be positioned on top of the block.
The symphysis and the sacrum are supported by pads to avoid the patient rolling
over.

Surgical Exposure

Landmarks for Skin Incision

Double-check the correct

side of the thoracotomy

A deleterious complication is a wrong side thoracotomy. Therefore, it is manda-
tory to double-check the side of the thoracotomy at the beginning of the sur-
gery.

Image intensifier control

optimizes the spinal access

Furthermore, it is of great importance to center the incision over the pathol-
ogy and correctly select the target rib or the intercostal space. The relationship
between the intercostal space and the vertebral level is dependent on how oblique
or horizontal the ribs curve to the sternum (Fig. 6a). As a rule of thumb, the rib
resected determines the highest vertebral level which can be reached (e.g. resec-
tion of the 7th rib allows T7 to be reached). It best exposes the vertebra two levels
below the origin of the resected rib (e.g. resection of the 7th rib allows the best
exposure of T9). This is crucial when a mini-open exposure is attempted. Because
of the variant forms of the ribcage, we recommend checking the correct level
with an image intensifier. Nothing jeopardizes the success of an operation so
much as an inappropriate exposure.

Superficial and Intermediate Surgical Dissection

The skin incision ranges from the lateral border of the paraspinous musculature
to the sternocostal junction of the rib which has to be resected. After the incision
of the subcutaneous tissue, the latissimus dorsi muscle and the anterior serratus
muscle also have to be divided over the course of the target rib with a diathermy
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Figure 5. Patient positioning for right-sided thoracotomy

a Anterior view. b Posterior view.

knife. It is recommended to only partially transect the latissimus dorsi muscle
and lift it off the ribcage with a Hohman retractor (Fig. 6b). When exposing the
anterior part of the ribcage, care should be taken to spare the:

) long thoracic nerve (innervates the serratus muscle)

Therefore, the serratus muscle should be dissected as far distally as possible. This
is particularly important when high thoracic levels are exposed.

The periosteum of the rib is dissected in the middle of the rib and liberated
with a blunt dissector. A rib stripper is used to further liberate the rib. The rib is
cut with a rib cutter as far posteriorly and anteriorly as possible to allow for a
good exposure. When a thoracotomy is done with preservation of the rib, the
intercostal muscle layer is cut in the lower half to preserve the neurovascular
bundle which lies directly below the inferior edge.
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Figure 6. Surgical anatomy for right-sided thoracotomy

a Landmark for skin incision. b Superficial dissection. c Dissection of the rib for resection. d Exposure of the anterior spi-
nal column. e Deep surgical dissection with ligation of the segmental vessels. f Insertion of a thorax drain and closure of
the thorax.
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Deep Surgical Dissection

The parietal pleura is picked up with anatomical tweezers and opened with scis-
sors. Depending on the necessary exposure, the anesthetist may then deflate the
lung. The intercostal space is widened with a rib spreader (Fig. 6d). The lung can
be covered with an abdominal towel and retracted. The anterior vertebral col-
umn becomes visible. The parietal pleura is lifted off the vertebral column with
anatomical tweezers and opened to expose the segmental vessels (Fig. 6e). The
segmental vessels are mobilized with an overhold and ligated 3–4 cm anterior to
the rib head. In severe spinal deformities the segmental vessel can first be
clamped to see whether a ligation has an influence on the blood supply of the spi-
nal cord, which would result in a decrease in evoked potentials (neuromonito-
ring). A sponge stick is used to further expose the vertebral bodies and interver-
tebral discs.

Wound Closure

Close the parietal pleura

whenever possible

The parietal pleura is sutured whenever possible and it is attempted to cover the
implant with pleura. Before closing, one or two thorax drains are inserted. We
recommend using large rather than small drains particularly when significant
bleeding has occurred. Small drains are easily blocked by blood coagula. The
skin is incised about one level below the target intercostal level in order to allow
for an anatomical closure when removing the drain. A large towel clamp is
inserted through the wound to pick up the drain and pull out the drain from the
inside. The drain is manually placed at the apex of the thorax rather anteriorly.
Depending on the bleeding, we prefer to insert a second drain, which is placed
over the spine posteriorly. A rib approximator is used to narrow the ribs and fix
them with a suture running around both ribs including the intercostal soft tissue
but avoiding the neurovascular bundle (Fig. 6f). We recommend placing all
sutures first before tightening them. At this stage, the anesthetist is asked to rein-
flate the lung. Care has to be taken that all parts of the lung are inflated to avoid
atelectasis. If parts of the lung are not inflatable, a gentle manual massage of the
lung tissue usually resolves this problem. The muscle and soft tissue layers cover-
ing the ribcage are sutured sequentially.

Pitfalls and Complications

We have already mentioned the deleterious pitfall of opening the thorax on the
wrong site (wrong site surgery). The anterior approach to the spine carries a
higher risk of serious complications than the posterior route for obvious reasons.
The most frequent problems associated with this approach are:

) access through an intercostal space too high or too low in relation to the
main pathology
) injury to the lung when incising the rib bed or opening the pleura
) injury to segmental vessels when exposing the spine
) injury to the azygos vein and aorta
) dissection into the intervertebral foramen

Details on the handling of complications associated with this approach are cov-
ered in Chapter 39 .
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Left-Sided Thoraco-Phrenico-Lumbotomy

This approach gives

excellent access to the

thoracolumbar junction

This approach was introduced to spinal surgery by Hodgson mainly in the con-
text of spinal tuberculosis [31, 32]. Similarly to a thoracotomy, an approach to the
thoracolumbar junction is possible from the left as well as from the right side.
When the pathology does not dictate the side of the approach, an access from the
left side is preferred because the liver and the inferior vena cava are not hinder-
ing the approach [11].

Indications

If not determined by the

pathology, the right sided

approach is preferred

The indication for a thoraco-phrenico-lumbotomy is a spinal pathology located
between T9 and L5 and similar to those of a thoracotomy (Table 3).

Patient Positioning

The patient is positioned on the right side inversely to a right-sided thoracotomy
(Fig. 7a, b). The table can be slightly bent above the level of the pelvis to increase
the distance between pelvis and ribcage.

Surgical Exposure

Landmarks for Skin Incision

Depending on the target level, it is usually recommended to resect the 10th rib
(T10–L5). In cases with more proximal pathology, the 9th rib can be resected
(T10–L5) (Fig. 8a).

Superficial Surgical Dissection

After the incision of the skin and the subcutaneous tissue at the thoracolumbar
junction, the superficial muscle layer is exposed consisting of (Fig. 8b):

) serratus anterior muscle
) latissimus dorsi muscle
) external oblique muscle

Whenever possible the muscles should be split in the direction of the fibers.

Intermediate Surgical Dissection

We recommend starting with the retroperitoneal approach. After splitting the
external oblique muscle, the internal oblique and transversus muscles are split.
With sponge sticks the peritoneal sac is mobilized to the midline and freed from
the diaphragma. In a next step, the 9th or 10th rib is resected similarly to the
method described above (Fig. 6c). The anterior resection is done close to the
osseous-cartilage transition of the rib. The costal cartilage is split and the
diaphragma is transected circumferentially about 2 cm medial to its insertion
at the thorax wall. It is strongly recommended to use holding sutures bilateral
to the transection to allow for a better orientation during diaphragma repair
(Fig. 8d, e).
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Figure 7. Patient positioning for left-sided thoraco-phrenico-lumbotomy

a Anterior view. b Posterior view.

Deep Surgical Dissection

The left crus of the diaphragma is transected about 2 cm above the medial and
lateral arcuate ligament. The parietal pleura is incised at the thoracic level as
described above. The attachments of the psoas muscle need to be mobilized pos-
teriorly. The vertebrae and intervertebral discs are further exposed with sponge
sticks and rasps. The segmental vessels need to be ligated at the target level.

Wound Closure

At the thoracic level, the parietal pleura needs to be sutured. The repair of the
diaphragma is facilitated when bilateral stay sutures were used during prior dis-
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Figure 8. Surgical anatomy for left-sided thoraco-phrenico-lumbotomy

a Landmark for skin incision. b Superficial dissection. c Dissection of the rib for resection (see Fig. 6c). d The rib cartilage
is split and marked with stay sutures. e The diaphragm is split about 2 cm medial to its rib insertion. f The medial and lat-
eral crus of the diaphragm are transected and marked with stay sutures. The segmental vessels are ligated. The thoracic
exposure is shown in Fig. 6d, e.
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section. After repair of the diaphragma, the rib cartilage halves are refixed. The
thorax is closed as described above. The abdominal wall is sutured in three sepa-
rate layers (transverse, internal and external oblique muscles).

Pitfalls and Complications

Injuries to the thoracic duct

can result in a chylothorax

A frequent complication is to accidently open the peritoneal sac during dissec-
tion of the diaphragma. This can be avoided when the preparation of the two
body cavities is started from the abdominal site and the peritoneum freed from
the diaphragma. When taking the diaphragma down to its insertion at the spine,
care has to be taken not to injure the:

) greater splanchnic nerve
) ascending lumbar vein
) sympathetic trunk
) thoracic duct (rarely visible during preparation)

A detailed discussion of the complications associated with this approach is
included in Chapter 39 .

Anterior-Lateral Retroperitoneal Approach to L2–L5

The anterolateral retroperi-

toneal lumbar approach

is easily applicable even

in obese patients

The anterior-lateral retroperitoneal approach to the lumbar spine has been an
established operative technique since the early 1960s. This approach can be car-
ried out also from the right side. The left sided approach, however, is favored
because the inferior vena cava is less at risk. This approach is easy to perform
even in obese patients because the abdomen is hanging to the side and the flank
is exposed.

Indications

Indications for this approach are spinal disorders located between L2 and L5
(Table 4):

Table 4. Indications for a retroperitoneal lumbotomy (L2–L5)

) spinal deformities ) lumbar fractures/instabilities
) degenerative disorders ) tumors

) infections

Patient Positioning

For this approach the patient is positioned on the right side similarly to as per-
formed for the thoraco-phrenico-lumbotomy (Fig. 7a, b).

Surgical Exposure

Landmarks for Skin Incision

We favor a mini-open approach to the lumbar spine, which necessitates image
intensifier localization of the skin incision. With a 6- to 8-cm incision, a two-level
fusion can be done without difficulty when using a retractor frame. The skin inci-
sion is done in the fiber direction of the external oblique muscle (Fig. 9a).
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Figure 9. Surgical anatomy for the anterior-lateral retroperitoneal approach to L2–L5

a Landmarks for skin incision. b, c, d Transsection of the external oblique, internal oblique and transverse muscles.
e Retraction of the psoas muscle exposing the vertebral column. f Medial retraction of the peritoneal sac exposing the
large abdominal vessels. Ligation of the segmental vessel.

Superficial Surgical Dissection

A muscle splitting approach

is preferred

After the incision of the skin and the subcutaneous tissue, the three layers of the
abdominal wall:

) external oblique muscle (Fig. 9b)
) internal oblique muscle (Fig. 9c)
) transversus muscle (Fig. 9d)

are separated in the direction of their fibers.
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Deep Surgical Dissection

With sponge sticks the peritoneal sac is mobilized in the medial direction to free
the psoas muscle and the anterior spinal column. The peritoneal sac can be cov-
ered with a moistened abdominal towel. The paravertebral sympathetic chain
medial to the psoas muscle as well as the ureter need to be identified and
retracted together with the peritoneum carefully in a medial direction. The psoas
is mobilized from the spine and retracted posteriorly. The genitofemoral nerve
which lies on the anteromedial side of the psoas muscle needs to be preserved.
Care has to be taken not to injure the segmental or great vessels anteriorly while

Take care with the iliolumbar

vein when retracting

the large vessels medially

liberating the spine with sponge sticks. Special attention has to be paid to the ilio-
lumbar vein at level L4–L5, which requires ligation if it limits the mobilization of
the common iliac vein. In men, the psoas muscle can be very big and covers
almost the whole lateral aspect of the vertebra. In these cases, a psoas splitting
approach can be used to approach the intervertebral discs for a fusion [8]. The
latter approach is less suited to a complete corpectomy.

Wound Closure

Each layer of the abdominal wall needs to be sutured separately. Suction drainage
is usually not needed.

Pitfalls and Complications

Care has to be taken not to injure the:

) segmental vessels
) ascending lumbar vein
) iliac vein and artery
) genitofemoral nerve on the anteromedial side of the psoas muscle
) paravertebral sympathetic chain
) ureter (slightly attached to the peritoneum)

A detailed description of the management of complications is outlined in Chap-
ter 39 .

Anterior Lumbar Retroperitoneal Approach

Indications

The anterior lumbar retroperitoneal approach is indicated for spinal pathology
located between S1 and L3. The indications are similar to those for the lumbo-
tomy with the exception that the approach exposes the spine at S1–L2 (Table 4).

Patient Positioning

The patient is positioned supine with both arms abducted. The table can be
slightly bent at the level of the pelvis. The positioning should be done in a way to
allow the application of a table mounted retractor system, which facilitates the
spinal exposure (Fig. 10).
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Figure 10. Patient
positioning for an
anterior retroperito-
neal approach

A table mounted retractor
facilitates the approach.

Surgical Exposure

Landmarks for Skin Incision

Landmarks for the skin incision are the umbilicus, symphysis and iliac wings.
The umbilicus frequently projects onto the L4 level. However, this landmark is
largely variable and necessitates image intensifier control to allow for a minimal
length skin incision. The skin incision lies usually in the midline. Approaches to
the L3/4 disc space, however, necessitate extending the incision above the level of
the umbilicus. In these cases, we recommend using a slightly parasagittal inci-
sion (Fig. 11a).

Superficial Surgical Dissection

After skin incision and dissection of the subcutaneous tissue, the anterior rectus
sheath is exposed over a length of 6–8 cm and opened 2 cm lateral to the midline
(Fig. 11b). The underlying rectus muscle is retracted laterally exposing the poste-
rior rectus sheath and the arcuate line (Fig. 11c). The peritoneal sac is mobilized
medially below the arcuate line. The peritoneal sac is adherent to the inferior sur-
face of the posterior rectus sheath and needs to be liberated from it to allow fur-
ther retraction. After liberation, the posterior rectus sheath is incised about 2 cm
medial to the abdominal wall and the peritoneum can be further retracted over
the midline (Fig. 11d).

Deep Surgical Dissection

At depth, the bifurcation is often visible with a medial sacral artery and vein.
Depending on the size of the vessels, a ligation is necessary. Coagulation at the
disc level should be avoided to preserve the presacral sympathetic plexus. In
males, damage to the sympathetic plexus may result in a retrograde ejaculation.
The L5/S1 disc is exposed between the bifurcation (Fig. 11e) by slightly mobiliz-
ing the vessels to both sides. Manipulation at the bifurcation should be done very
carefully (if needed) to avoid injuries to the vessels, which are difficult to repair.

The ascending lumbar vein

is at risk when retracting the

common iliac vein medially

The L4/5 disc space or levels above are exposed by retracting the left common
iliac vein and artery to the contralateral side (Fig. 11e). During this maneuver,
great care has to be taken not to tear the ascending lumbar vein from the common
iliac vein. We recommend exposing the ascending lumbar vein and ligating it
before retracting the vessels to the contralateral side. The paravertebral sympa-
thetic chain lies medial to the psoas muscle and should be mobilized laterally
while the ureter together with the peritoneum is retracted medially.

356 Section Surgical Approaches



a b

c d

e f

Figure 11. Surgical anatomy of the anterior retroperitoneal approach

a Landmarks for skin incision. b Exposure of the anterior rectus sheath. c Dissection of the posterior rectus sheath close
to the abdominal wall (arcuate line). d Exposure of the anterior spinal column. e Deep surgical dissection at the L5/S1
level accessing below the bifurcation. f Deep surgical dissection at the L4/5 level retracting the common iliac artery and
vein medially.
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Wound Closure

The posterior rectus sheath should be readapted if possible. Interrupted sutures
are placed in the anterior rectus sheath using slowly dissolving sutures. We do
not routinely use a suction drainage.

Pitfalls and Complications

Care has to be taken not to injure the:

) segmental vessels
) ascending lumbar vein
) common iliac vein and artery
) paravertebral sympathetic chain
) ureter (slightly attached to the peritoneum)

Injury to the sympathetic

chain can result

in retrograde ejaculation

in males

Injuries of the sympathetic chain may result in retrograde ejaculation (in males)
or a sympathectomy syndrome with disturbed capability for vasoconstriction.
This may result in the feeling of a hot (ipsilateral) or cold (contralateral) leg or
foot, respectively. Weakness of the abdominal wall particularly in multiparas can
result in abdominal herniations and needs to be repaired. A detailed description
of the management of complications is provided in Chapter 39 .

Posterior Approach to the Thoracolumbar Spine

The posterior approach has been the most commonly used access to the spine
since the 1950s. The exposure is straightforward but the collateral damage to the
muscle is not negligible [23, 24, 39, 40]. Wiltse et al. [68] and Fraser et al. [21] have
therefore suggested a so-called “muscle splitting approach” which can be used
when midline exposure is not necessary for decompression, e.g. for posterolat-
eral fusion of a spondylolisthesis. Minimal-access surgery is preferred whenever
possible. The target level should be determined with image intensifier to expose
the spine only as much as is needed.

Indications

There are a wide variety of indications for this approach (Table 5):

Table 5. Indications for the posterior approach to the thoracolumbar spine

) spinal stenosis ) thoracolumbar fracture/instability
) disc herniation ) tumors
) painful motion segment degeneration ) infections
) spinal deformities

Patient Positioning

An unobstructed abdomen

is key to successful

decompressive surgery

The patient is positioned prone on rubber foam blocks (Fig. 12a). A headrest with
support for mouth, nose and eyes is used to avoid pressure sores (Fig. 12b). It is
important that the abdomen is freely hanging and not compressed (Fig. 12c).
This is particularly important for decompressive surgery where a compressed
abdomen can result in congested epidural veins and result in excessive bleeding.
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Figure 12. Patient positioning for a posterior thoracolumbar approach

a Rubber foam blocks supporting the patient in prone position. b Headrest. c Positioning of the patient with free hang-
ing abdomen.

Surgical Exposure

Landmarks for Skin Incision

The landmarks for the posterior approach are:

) spinous processes
) posterior superior iliac spine
) iliac wings

The line drawn between the bilateral posterior superior iliac spine usually pro-
jects to the disc level of L4–L5 (Fig. 13a). However, this is unreliable and image
intensifier control is necessary in every case.
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Figure 13. Surgical anatomy of the posterior thoracolumbar approach

a Landmarks for skin incision. b Superficial surgical dissection. c Deep surgical dissection. d Muscle retraction with pin-
pointed retractors to minimize muscle damage. Note the decortication at L4–S1 on the left side as preparation of the
bone graft bed.

Superficial Surgical Dissection

After the incision of the skin in the midline above the spinous processes and the
dissection of the subcutaneous layers, the thoracolumbar fascia is incised with a
cautery knife (Fig. 13b). The paraspinal musculature is subperiosteally detached
from the spinous process and the laminae. Sponges are used to push the paraspi-
nal muscles laterally and control bleeding by densely packing the created space
between the spinous process and the muscle (Fig. 13c). Care has to be taken not
to injure:

) facet joint capsules

Deep Surgical Dissection

In spinal fusion cases, the posterolateral bed has to be prepared for the bone
graft. Therefore, the multifidus muscle must be detached from the laminae, facet

360 Section Surgical Approaches



Pin-pointed retractors

minimize soft tissue damage

joint and transverse process (Fig. 11d). While dissecting the transverse process,
the periarticular vessels which cross around the facet joint and transverse pro-
cess usually tend to bleed and need to be controlled by electrocautery. We prefer
to use pinpointed rather than rack type retractors because it causes less tissue
damage. The retractors should be released intermittently (Fig. 11d).

Wound Closure

The thoracolumbar fascia needs to be closed over suction drains. The fascia
needs to be sutured tightly either by close interrupted or running sutures.

Pitfalls and Complications

The posterior access is usually a safe approach to the spine. In slim patients, how-
ever, the interlaminar window at L5/S1 can lie very superficially and can be
injured with the cautery knife causing an unintended durotomy.

Landmarks for Screw Insertion

Computer assisted surgery

provides a false security

in inexperienced hands

Screw fixation has become a standardized technique throughout the entire spine.
However, the prerequisite for a safe screw insertion is critically dependent on a
profound knowledge of the surgical anatomy. Preoperative planning of the screw
trajectories with CT scans is mandatory if an altered anatomy (e.g. in spinal
deformities) is expected. Computer assisted surgery [7, 42, 55, 60] does not com-
pensate for insufficient knowledge of the anatomy and can even be dangerous in
inexperienced hands.

Cervico-occipital Spine

Screw Placement of the Occiput

Screw insertion must be

below the external occipital

protuberance

Screw fixation of the occiput should be in the area with the thickest bone, which
is in the midline between the superior nuchal and inferior nuchal line [54]
(Fig. 14). Above the superior nuchal line, injuries to the intracranial sinus must
be expected. There is a wide variation in thickness of the occipital bone [61]. The
maximum thickness of the occipital bone ranges from 11.5 to 15.1 mm in males
and from 9.7 to 12.0 mm in females and is found at the level of the external occipi-
tal protuberance [15]. Fixation can be done using a Y-plate [26] or bilateral tita-
nium plates [45]. The screws are inserted either in the midline or 2–3 mm para-
sagittally, respectively. The parasagittal cortical bone is substantially thinner and
ranges between 3 and 7 mm [30]. The screw holes can be prepared using a drill
guide (2.5 mm) with an adjustable drill penetration depth. Initially the depth is
set at 4 mm and is increased incrementally until the distal cortex is penetrated. In
areas of the occiput which are thicker than 7 mm, unicortical fixation is as strong
as bicortical fixation [61]. The standard screw diameter is 3.5 mm and sometimes
requires pre-taping. In case of a cerebrospinal fluid flow from the hole, insertion
of the screw suffices to close the leak.

Posterior Atlantoaxial Transarticular Screw Fixation

The vertebral artery

is at risk laterally

and the spinal cord medially

Atlantoaxial transarticular screw fixation [27, 28] is a frequent stabilization tech-
nique for degenerative and traumatic disorders (Fig. 15a–c). Although lateral
image intensifier control is sufficient, we recommend using a simultaneous bipla-
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Figure 14. Landmarks for occipital screw insertion

a Posterior view. b Axial view.

nar control for optimal screw placement. The medial border of the C2 pedicle
(2–5 mm axial diameter) should be palpated with a dissector or a nerve hook.
The screw is positioned as medially as possible to avoid injuries to the vertebral
artery, which lies immediately laterally. The entry point for screw insertion is
about 3 mm cranial to the lower edge of the C2 inferior facet. Usually, there is a
small groove at the transition of the inferior facet to the lamina which serves as
a landmark for the entry point. The drill is angled to aim at the arch of C1 in a
strictly sagittal plane. The screw should pass just below the posterior border of
the C1/2 joint. In some cases, the craniocaudal angulation can only be achieved

Injuries to the spinal cord

or vertebral artery are rare

if the technique is applied

if the drill is significantly inclined. Rather than dissecting all the posterior mus-
cles, we prefer only to expose the spine from C1 to C3 and choose a percutaneous
insertion of the drill usually at the level of C7–T1 with a tissue protector. Injuries
to the vertebral artery or spinal cord are rare if the technique is performed prop-
erly [22, 27].

Atlantoaxial Pedicle Screw Fixation

The 2nd cervical nerve

is at risk when exposing

the C1/2 joint

An alternative to the transarticular screw fixation is a stabilization of the spine
with pedicle screws which are connected with rods [29, 64] (Fig. 15d–g). The
screw entry point in C2 is more lateral (4–5 mm) than the transarticular screw
trajectory. The drill is directed 20°–35° cranially and 15°–20° medially. The
entry point in C1 is below the lamina and 2–3 mm lateral to the medial edge of
the C1, which can be palpated with a dissector. The screw is aimed about 10°–15°
medially and 15°–20° cranially. Care has to be taken not to injure the C2 exiting
nerve root (greater occipital nerve).

Anterior Atlantoaxial Transarticular Screw Fixation

A second alternative is an anterior transarticular screw fixation [59]. The screw
entry point is 5 mm below the C1/2 joint line in the groove formed by the basis of
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Figure 15. Landmarks for upper cervical spine screw insertions

Posterior atlantoaxial transarticular screw fixation: a posterior view; b lateral view; c axial view. Atlantoaxial pedicle
screw fixation: d posterior view; e lateral view; f axial view at C2. Anterior atlantoaxial transarticular screw fixation:
g anterior view; h lateral view; i axial view.

the dens and the lateral mass (Fig. 15h–j). The screw trajectory is angled 25° later-
ally and cranially. However, the exposure of the entry point is not easy because it
is far up in the cervical spine. During exposure great care has to be taken not to
injure the:

) hypoglossus nerve
) superior laryngeal nerve

Lateral Mass Screw Fixation

There are two commonly used techniques for screw placement in the lateral mass
of the lower cervical spine. The screw entry point according to Roy-Camille [50]
is in the center of the lateral mass and the trajectory is directed 10° outwards rect-
angular to the posterior cortex. According to the Magerl technique, the screw’s
insertion point lies 2 mm medial and cranial to the facet center. The screw trajec-
tory is parallel to the facet joints and angled 20°–25° outwards (Fig. 16a–c).
Magerl’s method exhibits longer screw lengths and is therefore biomechanically
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Figure 16. Landmarks for lower cervical spine screw insertions

Lateral mass screw fixation: a posterior view; b lateral view; c axial view. Pedicle screw fixation: d posterior view; e lat-
eral view; f axial view.

superior to the Roy-Camille method [50]. Some studies have reported that the
Magerl method is less likely to damage the neurovascular structures [51].

Lower Cervical Spine Pedicle Screw Fixation

This screw insertion

technique is reserved

for the most experienced

spine surgeons

Pedicle screw fixation in the lower cervical spine is demanding and reserved for
the most experienced spine surgeons [38]. The risk potential of spinal cord and
vertebral artery injury is high [70]. The pedicle dimensions are not infrequently
smaller than the screw [36]. Preoperative CT planning is recommended to rule
out anatomical anomalies. Computer assisted surgery may reduce the rate of
misplaced screws [35, 60] but does not compensate for lack of profound knowl-
edge of the cervical anatomy and surgical experience [2]. The technique accord-
ing to Abumi and Kaneda [1] chooses an entry point slightly lateral to the center
of the lateral mass and inferior to the facet joint line (Fig. 16d–f). The cortical
bone at the entry point is opened with a burr and the hole is enlarged to bury the
pedicle screw (3–4 mm). The screw trajectory is angled 25°–45° medially. A thin
pedicle finder is used to dilate the pedicle under lateral image intensifier control.
Perforations can be detected with a fine pedicle probe (feeler) (Fig. 17). In experi-
enced hands, the complication rate is low [2, 38].

Thoracic Spine Pedicle Screw Fixation

Screw placement in the thoracic spine requires a detailed knowledge of the anat-
omy of the thoracic spine. However, it can be done with a high safety margin
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Figure 17. Surgical instruments for screw hole preparations

a Fine awl. b Thin pedicle finder. c Thick pedicle finder. d Pedicle feeler.

when the proper technique is applied [20]. The pedicle morphology of the thoracic
and lumbar spine has been thoroughly investigated in several studies [49, 65–67,
73]. The landmarks for screw insertion T2–T11 are below the rim of the inferior
facet. Sometimes it is necessary to osteotomize the lateral inferior part of the facet
to clearly identify the base of the superior facet. The entry point is at the lateral bor-
der. The screw trajectory is angled 20° medially and 10° caudally. When the extrape-
dicular technique [14] is used, the entry point is slightly more lateral and the angle
to the midline is higher (Fig. 18a–c) (see Chapter 3 ). This inside-out-inside tech-
nique involves a reduced risk of injuring the medial border of the pedicle [14]. The
entry point at T1 is slightly more medial and the screw trajectory is less angled to
the midline. The entry point for the pedicle of T12 is at the level of the mammillary
process, which is opened/removed with a rongeur (Fig. 18d–f). The screw trajectory
is angled more medially similarly to the lumbar spine. The screws for adult patients
usually have a diameter of 5 (lower thoracic spine) and 6 mm (lower thoracic spine)
and have a length of 30–35 mm at T1 and 45–55 mm at T12, respectively.

Our preferred technique (Fig. 17) is to use a sharp fine awl to open the cortical
bone at the entry point. This position is checked in the lateral plane using an image
intensifier. A thin pedicle finder is used to probe the pedicle again under fluoro-

Check for potential

perforations with a fine

pedicle feeler

scopic guidance. A fine pedicle feeler is entered into the pedicle hole to verify that
the cortical shell of the pedicle is intact particularly medially, inferiorly and anteri-
orly. In the lower thoracic spine, a thicker pedicle finder is used to further widen
the pedicle. In questionable cases, the screw is inserted somewhat deeper than the
base of the pedicle, which can be checked in the lateral view with an image intensi-
fier. The screw is then removed and the medial pedicle wall is palpated with the
pedicle feeler. When the medial wall is intact the screw can be reinserted.

Lumbar Spine Pedicle Screw Fixation

The pedicle morphology of the lumbar spine has been accurately described in
several studies [41, 49, 56, 62, 67, 74].
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Figure 18. Landmarks for thoracic pedicle screw insertions

Thoracic pedicle fixation at the level of T6: a posterior view; b lateral view; c axial view. Note the alternative extrapedicu-
lar screw position on the right side. Thoracic pedicle fixation at the level of T12: d posterior view; e lateral view; f axial
view.

Several techniques have been described. We prefer a more lateral insertion point
with a larger angulation to the midline, which is also biomechanically more sta-
ble than a straight anterior screw insertion. The pedicle entrance point is at the
lateral border of the base of the superior articular process. The same technique is
used as described for the insertion of thoracic screws. The screw trajectory is
angled 20°–25° to the midline. In the sagittal plan the screws take a course paral-
lel to the upper vertebral endplates (Fig. 19a–c).

A double sacral screw

fixation provides a strong

sacral anchorage

Knowledge of the size and anatomy of the pedicle is required, but also an under-
standing of the topography of nerve and vascular structures in relation to the pedi-
cle is indispensable for safe pedicle placement. The nerve roots are located directly
at the medial-inferior border of the pedicle. Screws should not penetrate the ante-
rior cortex except in cases in which this is absolutely necessary to enhance the pull-
out resistance. The screws should not be in contact with an artery because pulsa-
tion can cause vessel wall erosion and the formation of an aneurysm.

Sacral and Iliac Screw Fixation

The most frequent technique is screw placement in the first sacral pedicle located
just below the L5/S1 facet angled medially 20° cranially toward the anterior cor-
ner of the promontorium. Another alternative is to insert the screws at a 30°–45°
lateral and cranial direction into the sacral alae (Fig. 19d–g). Both screw posi-
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Figure 19. Landmarks for lumbosacral and iliac screw insertions

Lumbar pedicle screw fixation at the level of L4: a posterior view; b lateral view; c axial view. Sacral screw fixation tech-
niques (red convergent S1 screw, green divergent S1 screw, blue divergent S2 screw): d posterior view; e lateral view;
f axial view at S1; g axial view at S2. Pelvic fixation in the iliac wing: h posterior view; i lateral view; j axial view.

tions can be combined to enhance the sacral fixation [6, 62, 74]. The insertion
point for the S2 screw is in the middle between the first and second dorsal foram-
ina. The screws should be directed 5° caudally and 30° laterally [6]. The slightest
risk of injury is from placement of S1 pedicle screws. Lateral screw placement car-
ries a risk of injury to the internal iliac vein or the lumbosacral plexus. Anterior
cortical penetration of the S2 segment could cause injury of the bowel [44, 52].
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In neuromuscular scoliosis, fixation to the pelvis is often required to treat pelvic
obliquity or because of insufficient screw purchase at the sacrum. The original
technique was introduced by Allan and Ferguson as the so-called Galveston tech-
nique with insertion of a contoured rod into the iliac wing [3]. However, this
technique has the disadvantage of resulting in a painful loosening of the rod in
the iliac wing with time (“windshield wiper effect”). A modification is to use a
screw instead of the contoured rod for pelvic fixation, which results in an excel-
lent bony purchase. An even stronger fixation is the so-called MW sacropelvic
fixation [5] (see Chapter 24 ). The pelvic screw fixation starts with decortication
of the posterior superior iliac spine with a Luer. A pedicle finder is inserted and
aimed 20°–40° laterally and caudally aiming at the iliac notch and superior to the
acetabulum (Fig. 19h–j). A pedicle feeler is used to check that the iliac cortical
laminae have not been perforated. Simultaneously the length is determined. Usu-
ally, 7–8 mm strong 80- to 100-mm-long screws can be inserted.

Recapitulation

Surgical planning. Preoperative planning and a
profound knowledge of the surgical anatomy are
the prerequisites to achieving the goals of surgery
and helping to avoid serious complications. Ana-

tomical dissection studies are extremely valuable
and supplement in-depth study of textbooks on
surgical anatomy. The surgeon must proactively

consider potential extensions of the approach and
must be familiar with this anatomy.

Surgical approaches. Image intensifier or radio-
graphic verification of the correct level is an abso-
lute must. Wrong level surgery is one of the most
frequent complications. The anteromedial ap-

proach to the cervical spine approaches the anteri-
or column through anatomical planes. Great care
must be taken to retract the carotid artery laterally
and not medially. Particularly, the recurrent laryn-
geal and the superior laryngeal nerve are at risk dur-
ing this approach. The posterior approach to the
cervical spine can be associated with heavy bleed-
ing. For exposure of the craniocervical junction, the
muscle insertion at the spinous process of C2
should be detached with an osteoligamentous flap.
The vertebral artery is at risk when exposing C1. A
deleterious complication of thoracotomy is wrong
site surgery. The neurovascular bundle below the
rib must be preserved to avoid painful neuralgias.
The parietal pleura should be closed whenever pos-
sible. Correct placement of the chest tubes mini-
mizes postoperative pulmonary complications. The
thoraco-phrenico-lumbotomy gives an excellent
exposure of the thoracolumbar junction but is ma-
jor surgery. The dissection should start with the ret-
roperitoneal abdominal approach to minimize peri-

toneal tears. Corresponding stay sutures at both
sides of the diaphragma incision facilitate repair
when closing the wound. The thoracic duct is at risk
when exposing the thoracolumbar junction but dif-
ficult to identify during preparation. The anterolate-

ral retroperitoneal approach to the lumbar spine
L5–L2 is easily possible even in obese patients. A
muscle splitting approach is recommended. In
males, the psoas muscle can cover the whole lateral
aspect of the anterior column. Rather than dissect-
ing and retracting the psoas posterolaterally, a pso-
as splitting approach is the preferred alternative for
discectomy and interbody fusion. The anterior lum-

bar retroperitoneal approach approaches the
spine through anatomical planes. The liberation of
the peritoneal sac requires a dissection of the poste-
rior rectus sheath at the arcuate line. When retract-
ing the common iliac vein medially to expose the
L4/5 disc space, the ascending lumbar vein must be
controlled and ligated prior to vessel retraction. The
posterior thoracolumbar approach results in con-
siderable collateral damage to the spinal muscles,
which can be minimized by mini-access surgery and
use of pinpointed retractors which are intermittent-
ly released. The target level must be identified prior
to surgery to avoid unnecessary and extensive de-
tachment of back muscles.

Landmarks for screw fixation. Occipital screw fixa-

tion must be accomplished in the midline between
the superior nuchal and inferior nuchal line where
the bone is thick enough to bury a screw. Posterior

transarticular atlantoaxial screw fixation puts the
vertebral artery at risk laterally and the spinal cord
medially. Atlantoaxial pedicle screw fixation is an
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alternative but the 2nd cervical nerve is at risk when
exposing the atlantoaxial joint. Lateral mass screws

are safe when performed with the proper tech-
nique. Cervical pedicle screws carry a high risk of
neurovascular complications and are preserved for
the most experienced spine surgeons. Thoracic and

lumbar pedicle screws can be placed with minimal
risk with detailed anatomical knowledge. The use
of a fine awl to open the cortical bone (image

guided verification in the lateral and possibly ante-
roposterior plane), bluntly probing the pedicle and
verification with a pedicle feeler, is a safe method for
screw hole preparation. Sacral screws can be placed
in a divergent direction at S1 and S2 as well as in a
convergent direction at S1. A double sacral screw
fixation provides a strong anchorage at the sacrum.
For neuromuscular deformities with pelvic obliq-
uity, an iliac screw provides a solid pelvic fixation.

Key Articles

These texthooks are recommended for a study of the surgical anatomy of the spine and
surgical approaches:

Bauer RF, Kerschbaumer F, Poisel S (ed) (1993) Atlas of spinal operations. Thieme, Stutt-
gart

Nazarian S (2007) Surgical anatomy of the spine. In: Aebi M, Arlet V, Webb J. AOSPINE
manual: principles and techniques, vol. 1. Thieme, Stuttgart, pp 131–239

Louis R (1983) Surgery of the spine. Surgical anatomy and operative approaches.
Springer, Heidelberg

Watkins RG (2003) Surgical approaches to the spine. Springer, Heidelberg
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Preoperative Assessment

Stephan Blumenthal, Youri Reiland, Alain Borgeat

Core Messages

✔ The preoperative patient assessment is the occa-
sion most likely to reduce anxiety and fear

✔ More and more elderly patients with comorbi-
dities are scheduled for elective spinal surgery

✔ Spinal cord injury can severely affect other
organ systems

✔ Scoliosis can cause restrictive pulmonary dis-
ease. The most common blood-gas abnormality
is reduced PaO2 with normal PaCO2. Restrictive
lung disease can progress to irreversible pul-
monary hypertension and cor pulmonale

✔ Patients with Duchenne muscular dystrophy
are a special group deserving special attention

and precaution with regard to cardiac and pul-
monary problems

✔ Surgery for malignant tumors often requires
extensive blood transfusions

✔ Spinal shock begins immediately after the
injury and can last up to 3 weeks

✔ Post-traumatic autonomic dysreflexia may be
present after 3 – 6 weeks following the spinal
cord injury

✔ Preexisting drug therapy needs careful assess-
ment and sometimes adaptation

Aim of Preanesthetic Evaluation

A thorough preoperative

assessment of patients with

scheduled spinal interven-

tions helps to minimize

complications

The preanesthetic evaluation of the patient for spinal surgery is not unique; it fol-
lows the general approach used before any patient is given anesthesia. Both adult
and pediatric patients present for spinal surgery, which may be elective or urgent.
Procedures range from minimally invasive microdiscectomy to prolonged opera-
tions involving multiple spinal levels and anterior/posterior surgery. When
assessing patients before spinal surgery, particular attention should be given to:

) respiratory function
) cardiovascular system
) metabolic conditions
) neurological function

A clear understanding of the surgical procedure as well as complete knowledge of
the patient’s status are essential requirements in resolving perioperative prob-
lems, particularly in high-risk patients. This helps in the development of an
appropriate and optimal anesthetic plan for intraoperative and postoperative
management. Risk factors for postoperative complications are:

) combined procedures (single or two staged anterior/posterior surgery)
) multiple levels involved
) age over 60 years
) spinal cord injury or preexisting myelopathy
) preexisting comorbidities, ASA physical status classification
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Table 1. The American Society of Anesthesiologists (ASA) Score

Class Physical status

I Healthy patient
II Patient with mild systemic disease
III Patient with severe systemic disease, but not incapacitating
IV Patient with incapacitating disease that is a constant threat to life
V Moribund patient who is not expected to live 24 h with or without surgery
E Emergency case

The ASA score assesses

the cardiovascular risk

The American Society of Anesthesiologists (ASA) has adopted a six-category
physical status classification system to assess the patient preoperatively
(Table 14.1). The ASA score makes no adjustments for age, sex, weight and preg-
nancy, nor does it reflect the nature of the planned surgery. Although this system
was not intended as such, it generally correlates with the perioperative mortality
[40].

The most frequently cited comorbidities [14] include:

) cardiovascular disease
) hypertension
) pulmonary disease
) diabetes mellitus

The general approach should be to characterize those conditions which can be
improved by preoperative preparation and to take into account those conditions
which will add to the risk of anesthesia and surgery.

Information and Instructions

One aim of the preoperative visit is to explain and describe the anesthetic proce-
dure to the patient and to describe the procedure. This usually reduces the
patient’s anxiety.

The patient should be informed about:

) the possibility of an intraoperative wake-up test
) the importance of following orders to move the extremities at the end of the

procedure (if necessary)
) the need for a prolonged intubation and mechanical ventilation

Reduce anxiety

and give information
) surveillance on an intensive care unit

The decision to provide a period of postoperative mechanical ventilation should
be made before surgery commences. This should be explained to the patient as
well as the possibility of unexpected complications leading to prolonged
mechanical ventilation. The patient should be reassured that no pain will be felt
during the procedure and the wake-up test.

Patient Assessment

History

The preoperative history should clearly establish the presence of medical prob-
lems, their severity and any prior or present treatments. Because of potential
drug interactions with anesthetics and analgesics, a complete medication history
including any herbal therapeutics, the use of tobacco, alcohol and illicit drugs
should be elicited. True drug allergies must be distinguished from drug intoler-
ance. Detailed questioning about previous operations and anesthetics may unco-
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ver earlier complications, and a family history of anesthetic problems may indi-
cate whether malignant hyperthermia should be considered.

A general review of the organ systems is important in identifying undiagnosed
medical problems. Questions should emphasize:

) previous cardiovascular problems
) pulmonary diseases
) endocrine dysbalance
) hepatic dysfunction
) renal insufficiency
) neurological illness

Physical Examination

A physical assessment

is mandatory to detect

putative intraoperative

complications

The physical examination complements the history and helps to detect abnor-
malities not apparent from the history. Examination of healthy asymptomatic
patients should minimally consist of measurement of vital signs (blood pressure,
heart rate, respiratory rate, temperature). Using standard techniques of inspec-
tion, auscultation, palpation and percussion, the airway, heart and lungs should
be examined when the history shows this to be necessary. An abbreviated neuro-
logical assessment serves to demonstrate a subtle preexisting neurological defi-
cit. The patient’s extremities and joint mobility should be assessed with regard to
positioning (e.g., assessment of shoulder mobility for prone positioning).

Laboratory Studies

Requirements for preoperative laboratory studies, chest X-ray and electrocardio-
gram are determined by the age and health of the patient as well as by the scope
of the procedure. There has been a trend toward decreased routine testing in
many patients.

In a recent study with elderly surgical patients, the prevalence of abnormal
preoperative values for electrolytes, hemoglobin, platelets, creatinine and glu-
cose values was low and was not predictive of postoperative adverse outcomes
[12].

Preoperative cardiac testing

is indicated when functional

status is poor or unclear and

the risk of coronary heart

disease is increased

Additional preoperative cardiac testing is indicated only in those patients at
intermediate risk according to the Revised Cardiac Risk Index (Table 2). When
the functional status is poor or unclear and the risk of coronary heart disease is
increased, additional apparative examinations are indicated, although there is no
evidence of improved outcome. In those patients clearly at high risk, the possibil-
ity and urgency of an intervention related to their cardiac disease must be
weighed against the urgency and invasiveness of planned non-cardiac surgery
[27].

Table 2. Revised Cardiac Risk Index [20]

Risk factors Criteria

high risk surgery ) thoracic, abdominal and vascular surgery
coronary heart disease ) myocardiac infarction, angina pectoris, positive stress testing
congestive heart failure ) history, physical status
cerebrovascular insults ) TIA, apoplexia
diabetes mellitus ) insulin dependency
renal insufficiency ) serum creatinine > 177 (mol/l)

Stable patients undergoing major non-cardiac surgery with at least three of these factors have
an increased risk for cardiovascular complications during the subsequent 6 months, even if
they do not have major perioperative cardiac complications
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Organ-Specific Assessment

Airway Assessment

Difficulties in airway

management should always

be considered

The potential for difficulties in airway management should always be considered
[9, 46], particularly in those patients presenting for surgery of the upper thoracic
or cervical spine.

A careful airway assessment should be made with regard to:

) previous difficulty in intubation
) degree of mouth opening
) size of the tongue
) visibility of the pharynx
) the state of dentition
) restriction of neck movement
) stability of the cervical spine

Assessment of cervical

stability is mandatory

in patients with Down’s

syndrome and rheumatoid

arthritis

In rheumatoid arthritis [45] at least 20% and in Down’s syndrome [1] up to 20%
of patients suffer from compromised stability of the cervical spine, particularly
the atlantoaxial joints. This makes careful manipulations during laryngoscopy,
intubation and positioning mandatory to avoid dislocation with subsequent spi-
nal cord compression. In such cases, some authors recommend functional views
of the cervical spine to assess the degree of instability.

The cervical spine

of traumatized patients is

unstable until demonstrated

otherwise

Severely traumatized patients or patients with head injury should be assumed
to have an unstable cervical spine. It is essential to discuss preoperatively the sta-
bility of the spine with the surgeon who is responsible for the clinical and radio-
logical assessment. In patients with an unstable spine, awake intubation is
required.

Several methods may be used to intubate these patients:

) awake fiberoptic intubation after topical anesthesia
) intubation with manual stabilization of the neck by the surgeon (in selected

cases)

Awake fiberoptic intubation

is recommended in patients

with an unstable

cervical spine

Awake fiberoptic intubation of a mildly sedated patient is preferred, because intu-
bation of the unconscious patient predisposes to greater risk of hypoxic injury [2].

The type of intubation

in patients with an unstable

spine needs to be

determined preoperatively

In these patients, nasotracheal fiberoptic intubation is usually easier than oral
fiberoptic intubation because the nasopharynx, oropharynx and glottis are com-
monly in the same axis. Fiberoptic guided nasal intubation should be attempted
only if there is no evidence of facial trauma or skull fracture to avoid neurological
injuries. In an airway emergency, direct laryngoscopy and intubation can be nec-
essary before cervical spine injury is excluded. In this situation, a second person
should stabilize the cervical spine during the procedure to avoid as much as pos-
sible flexion and extension of the neck. In the presence of minor clinical instabil-
ity, intubation can be carried out with manual stabilization of the cervical spine,
which should preferably be done by the surgeon.

Some inherited disorders such as Duchenne muscular dystrophy or Down’s
syndrome may lead to glossal hypertrophy [39], which may cause a problem dur-
ing intubation.

Previous radiotherapy of tumors of the head and neck can cause difficulty in
direct laryngoscopy.

Respiratory System

The value of routine preoperative chest radiographs in asymptomatic patients is
very limited, since abnormal findings are reported to be few, rarely leading to
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changes in clinical management and with an unknown effect on patient out-
comes [32]. One of the most important reasons for this investigation may be to
resolve medicolegal issues.

Pulmonary complications

are frequent in major spinal

surgery

Pulmonary complications such as pneumonia, lobar collapse and atelectasis
are the most common form of postoperative morbidity experienced by patients
who undergo general surgical abdominal procedures and thoracotomy. These
surgical procedures cause large reductions in vital capacity and functional resid-
ual capacity [15]. The latter has long been identified as the single most important
lung volume measurement involved in the etiology of postoperative respiratory
complications. Functional residual capacity decreases after upper abdominal
operations and thoracotomy by 30–35%.

According to the extent of the surgical procedure and the preoperative patient
condition, the respiratory function should be assessed with pulmonary function
testing including blood gas analysis in patients with:

) asthma
) chronic obstructive pulmonary disease
) chronic intrinsic restrictive pulmonary diseases such as fibrosis and sarcoid-

osis
) extrinsic restrictive pulmonary diseases such as kyphoscoliosis and neuro-

muscular disorders

As a rough guideline, the risk of postoperative pulmonary complications can be
assumed to be increased when:

) forced vital capacity (FVC)
) forced expiratory volume in 1 s (FEV1)
) FEV1/FVC ratio
) peak expiratory flow rate (PEFR)

Respiratory function should

be assessed focusing on

functional impairment

are lower than 50% of the predicted value based on patient age, weight and height
[4]. In patients with Duchenne muscular dystrophy, the limits for FVC and PEFR
will have to be set at lower values [31]. The result of these investigations can influ-
ence the decision on the kind of anesthesia (epidural or spinal anesthesia instead
of general anesthesia), and in the case of very limited conditions with respiratory
global insufficiency, the dimension of the surgical procedure may be discussed
and reevaluated with the surgeon.

Respiratory function should be optimized by treating any reversible cause of
pulmonary dysfunction, including infection, with physiotherapy and nebulized
bronchodilators as indicated. Although a controversial topic in the literature [19,
42], for patients at increased risk for postoperative pulmonary complications,
preoperative instruction and training on how to perform postoperative pulmo-
nary rehabilitation can still be recommended.

There is controversy as to whether surgery for idiopathic scoliosis improves or
worsens pulmonary function [8, 23]. In one study, surgery involving the thorax
(anterior or combined approach, rip resection) was associated with an initial
decline in forced vital capacity, forced expiratory volume in 1 s and total lung
capacity at 3 months, followed by subsequent improvement to preoperative base-
line values at 2 years postoperatively. Surgery involving an exclusively posterior
approach, however, was associated with an improvement in pulmonary function
tests by 3 months (statistically not significant) and after 2 years (statistically sig-
nificant) [44].

A history of dependence on continuous nasal positive airway pressure at
night is also a sign of severe functional impairment and of reduced physiological
reserve. These findings should prompt serious consideration as to whether sur-
gery represents an appropriate balance between its potential benefits and the
high risk of long-term postoperative ventilation in such patients.
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Cardiovascular Assessment

Perioperative cardiac

risk assessment with

the Revised Cardiac Risk

Index is recommended

Perioperative cardiac morbidity is one of the major challenges for the anesthetist.
The elderly patient population presenting for spinal surgery has substantially
increased over the last decade. Consequently, the incidence of spinal surgery in
patients with coronary heart disease has increased. Special attention must be
paid to those patients at increased risk and where coronary heart disease has not
been formally assessed. This patient population represents the vast majority. The
use of a Revised Cardiac Risk Index [25] (Table 2), which includes patient-related
as well as surgery-related risk, is recommended as its predictive value has been
confirmed to be very high in elective non-cardiac surgery.

In patients with proven coronary heart disease, poor functional status and/or
positive stress testing, a preoperative coronary angioplasty can reduce the risk of
suffering from cardiac complications, but only when performed at least 90 days
before the non-cardiac surgical intervention [27].

Elective surgery should be

postponed for 3 – 6 months

after myocardial infarction

Patients who have had a myocardial infarction should have their operations
postponed for at least 3–6 months after the infarct in order to avoid the greatest
risk of reinfarction.

An atrial septal defect (ASD) is apparent in 10% of patients with congenital
heart disease. There is an accumulating incidence in patients with Marfan, Tur-
ner’s and Down’s syndromes. The ostium secundum form is caused by failure of
closure of the foramen ovale and is the most common type (75%) of ASD. Most
children with this defect are minimally symptomatic. Often adults in the
4th decade become symptomatic for the first time with congestive heart failure or
hypertension. In the absence of heart failure, anesthetic responses to inhalational
or intravenous agents are not altered. The presence of shunt flow between the
right and left heart, regardless of the direction of blood flow, mandates the exclu-
sion of air bubbles or clots from intravenous fluids to prevent paradoxical embo-
lism into the cerebral or coronary circulation [16].

The anesthetist must be aware of the impaired cardiovascular function in
patients with systemic rheumatoid arthritis, since cardiovascular disease (e.g.,
myocardial infarction secondary to coronary arteritis or pericardial manifesta-
tion of cardial disease) is the leading cause of death in the rheumatoid patient
[29].

In contrast, most pediatric cardiac compromise is a direct result of the under-
lying pathology, such as:

) cardiomyopathy in Duchenne muscle dystrophy or Friedrich’s ataxia
) aneurysmal dilatation in Marfan syndrome with potential risk for acute dis-

section
) cardiac dysfunction in severe kyphoscoliosis with distortion of the mediasti-

num, and secondary cor pulmonale

Assessment of functional cardiovascular impairment is difficult in patients who
are wheelchair-bound. Minimum investigations should include electrocardiog-
raphy and echocardiography to assess left ventricular function. Dobutamine
stress echocardiography may be used to assess cardiac function in patients with
a limited exercise tolerance [36].

The indications for preoperative transthoracic echocardiography are evalua-
tion of ventricular dysfunction and evaluation of valvular function in patients
with a murmur. But these investigations add only little information to routine
clinical and electrocardiographic data for predicting ischemic outcomes [27].

Angiography should only be performed before spinal surgery in those high-
risk patients who warrant revascularization for medical reasons, independent of
surgery [27].
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Furthermore, there is an increased incidence of cardiac complications during
emergency non-cardiac surgery [25]. The reason is simply because there is no (or
only limited) time for a proper risk stratification with adequate consecutive diag-
nostic and therapeutic management.

If the history and physical status taken by the surgeons reveal the presence of
pathological conditions of the large vessels such as stenosis of the carotid artery,
aortic aneurysm or peripheral vascular disease, it should be discussed whether
spinal surgery needs to be postponed. The anesthesiologist can help to evaluate
carefully the individual risk-benefit balance for this patient and to define the risk
management in this situation (planned operation, necessary anesthetic proce-
dure).

Neurological Assessment

Avoid further neurological

deterioration during tracheal

intubation and patient posi-

tioning

A neurological examination of the patient should be made preoperatively includ-
ing assessment of gait, motor or sensory deficits and reflexes. This should be doc-
umented since the anesthesiologist has a responsibility to avoid further neuro-
logical deterioration during maneuvers such as tracheal intubation and patient
positioning. Congenital kyphosis and scoliosis, postinfectious scoliosis, neurofi-
bromatosis and patients with skeletal dysplasias carry an increased neurological
risk as well as patients with neurological deficits prior to surgery.

Perioperative Drug Therapy

Assess any history

of drug allergies

There is a need to assess the present drug therapy and any history of potential
drug allergies. Together with the history and physical examination this will help
to decide which drugs should be stopped, continued or added to provide the best
possible perioperative conditions.

What to Stop, to Continue and to Add?

Treatment of systemic

hypertension should

be continued

Even on the day of surgery, treatment of systemic hypertension should be contin-
ued with antihypertensive drug therapy as usual. It is important that patients
under therapy with beta-blocking agents continue to receive their medication to
avoid complications that accompany a sudden withdrawal. However, it is contro-
versial as to whether ACE inhibitors should be administered perioperatively
when profound blood loss is expected.

Therapy with digoxin should be continued perioperatively, but control of
serum concentration is recommended in the elderly patient if the renal function
is impaired, if patient compliance is doubtful or comedication with, e.g., amioda-
rone has been introduced.

Perioperative prophylaxis

with beta-blocking agents

is advised in patients with

increased cardiac risk

Patients with increased cardiac risk can receive a benefit from prophylaxis (for
up to 5–7 days postoperatively) with cardioselective beta-blocking agents such
as atenolol, metoprolol and bisoprolol by the blocking of adverse cardiac effects
of an activated sympathetic tone. It has been shown that this perioperative medi-
cation can prevent perioperative cardiac complications, can reduce the incidence
of perioperative ischemic episodes and can improve survival rate up to 2 years
postoperatively [26, 47].

Preoperatively, therapy with inhibitors of the platelet aggregation (e.g.,
aspirin, clopidogrel, abciximab or tirofiban) or therapy with coumarin deri-
vates must be replaced 7–10 days before the intervention with continuous
unfractioned heparin or repetitive bolus of low-molecular weight heparins
[30].
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Long-acting antihyper-

glycemic drugs should be

stopped preoperatively

Oral antihyperglycemic drugs should be stopped preoperatively because of
potential dangerous hypoglycemic episodes (e.g., sulfonylurea) and lactacidosis
(e.g., biguanide). Long-acting insulins are preferably changed to intermediate- or
short-acting insulins that offer better glucose control in the perioperative setting.

The use of bronchodilating agents such as q 2-agonists may be of value in opti-
mizing respiratory function preoperatively in patients with chronic obstructive
pulmonary disease. A preoperative therapy with these drugs should be continued.

Chronic neurotrophic medication with:

) tricyclic antidepressants
) selective serotonin reuptake inhibitors
) lithium, neuroleptic agents
) anti-Parkinson drugs

should all be continued perioperatively. However, therapy with first generation
inhibitors of monoaminoxidase should be interrupted 2 weeks prior to surgery.

Patients on long-term

steroid medication

are prone to an acute

Addison’s crisis

Patients with rheumatoid arthritis are often on long-term steroid therapy.
Patients who have received potentially adrenal gland suppressive doses of ste-
roids (e.g., the daily equivalent of 5 mg of prednisone) by any route of adminis-
tration for more than 2 weeks in the previous 12 months should be considered
unable to respond appropriately to surgical stress. This medication should be
continued perioperatively and these patients require careful observation so as
not to miss an acute adrenal insufficiency; sometimes they will require perioper-
ative steroid supplementation. What represents adequate steroid coverage is still
controversial. Drugs such as penicillamine, methotrexate and azathioprine have
immunosuppressant properties and may retard wound healing.

In patients with a high spinal cord lesion, or those undergoing fiberoptic intu-
bation, administration of anticholinergic agents such as atropine should be con-
sidered.

Many patients will have factors which increase the risk of regurgitation and
aspiration of gastric contents such as:

) high spinal cord injury
) recent traumatic injury
) stomach ulcers and gastritis
) gastroesophageal reflux disease
) nasogastric tubes in situ (compromise of the upper esophageal sphincter)

In these circumstances, it may be prudent to premedicate patients with a hista-
mine-2 receptor antagonist, a proton pump inhibitor or even sodium citrate [13].

Premedication

The goal of premedication is to have a mentally relaxed and comfortable patient
arriving in the operating room. No single drug or dose will accomplish this satis-
factorily and it must be decided for every patient what and how much to use.
Anxiolytic drugs such as oral benzodiazepines (e.g., midazolam) are effective for
this purpose. If the patient is currently receiving appropriate analgesics (e.g., oral
opioids), it is logical to continue this medication if there are no contraindica-
tions.

Thromboembolic Prophylaxis

The risk of developing a venous thromboembolism increases continuously with
aging. Surgery, especially orthopedic surgery, can increase this risk about 20
times and thus also increase the danger of developing a pulmonary embolism
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(PE) [5]. While clear schemes do exist for the prevention of venous thromboem-
bolism in orthopedic hip and knee surgery, there is little concordance in spine sur-
gery. The possibility of developing deep vein thrombosis (DVT), PE and serious
bleeding is often present in the same patient. Bleeding in spine surgery, such as spi-
nal epidural hematoma (SEH), can result in grave complications, e.g., residual
paraplegia. In spine surgery the risk of developing a DVT without prophylaxis is
around 5% (0.3–15.5%) [10, 34], while serious bleeding complications manifest in
only 0.1–1% of patients [7, 24]. There are no studies dealing with bleeding compli-
cations under thromboembolic prophylaxis, but the risk of a DVT can decrease to
0.05–1% [18]. Another study showed that there was no significant difference
between the occurrence of DVT and/or PE with or without thromboembolic pro-
phylaxis in lumbar disc surgery [11]. A clear significance in the efficacy of DVT
prevention could be seen in favor of intermittent pneumatic compression (IPS) vs
compression stockings [10].

If the decision is made to perform antithrombotic therapy for spine surgery,
the question arises about the onset and modality. Options for the latter include
mechanical prophylaxis such as compression stockings and intermittent pneu-
matic compression and medicamentous prophylaxis such as low molecular
weight heparins (LMWH) and low dose unfractioned heparins (LDUH).

There are no firm

recommendations for

anti-thromboembolic

prophylaxis

The American College of Chest Physicians (ACCP) suggest following the pro-
cedures for elective spine surgery without giving firm recommendations [17]:

) The use of compressive stockings and the best possible early mobilization in
every case.
) Patients without or few risk factors should receive standardized LMWH.
) Patients at risk should receive standardized LMWH and IPS, or postopera-

tive LDUH.
) In high risk patients or patients with DVT/PE, a caval umbrella should be

considered preoperatively.

The onset of antithrombotic treatment by LMWH, especially in spine surgery,
has not yet been standardized. In Europe the initiation of the thromboembolic
prophylaxis starts on the preoperative evening with mostly one dose of 0.4 ml
(40 mg) enoxaparin subcutaneously (s.c.). The second administration takes place
about 8 h postoperatively and then is dispensed once daily. In the United States
the first dose of LMWH, mostly 0.3 ml/30 mg of nadroparin s.c., is given about
12–24 h postoperatively, then twice daily.

In a literature review, taking the levels of evidence into account, the following
schedule is proposed [17, 37]:

The most effective timing for prophylaxis onset is 2 h preoperatively, but
increases the risk of bleeding tremendously. The administration of LMWH more
than 12 h preoperatively is no longer effective. The particular risk of developing
a DVT/PE starts about 6 h postoperatively, when no LMWH has been adminis-
tered previously. A suggested timing for antithrombotic treatment in spine sur-
gery is to administer 0.4 ml enoxaparin s.c. between 12 and 8 h preoperatively
and/or 8 h postoperatively.

In our center, we routinely follow the ACCP guidelines for the prevention of
venous thromboembolism in spine surgery with LMWH, despite the implanta-
tion of caval umbrellas. In a retrospective review of 1400 patients whose spines
were operated on in our institution, 16 (1.1%) had postoperative spinal epidural
hematomas needing surgical revision. Fourteen of those had high risk factors for
either DVT or postoperative bleeding (Table 1) and received more than the stan-
dard LMWH dosage perioperatively.

Spinal epidural hematoma (SHE) remains a rare postoperative incident also in
patients receiving thromboembolic prophylaxis with LMWH. It mainly occurs in
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patients who are at risk of bleeding complications, as well as DVT and/or PE.
Optimized patient management with the awareness of present risk factors may
not prevent the development of a SHE, but will allow the recognition of this prob-
lem at an early stage and result in a rapid operative intervention. Revision sur-
gery should take place a maximum of 12 h after the first appearance of symptoms,
which will be mostly severe radiculopathic pain followed by spinal compression
symptoms. With early decompression, the sequelae will remain distinctive and
transient. In decompression surgery with laminectomy over more than one level,
or anterior approaches, the higher risk of DVT/PE can be minimized by perioper-
ative application of mechanical and medicamentous prophylaxis.

Special Conditions Requiring Spinal Surgery

Spinal Deformity

Scoliosis can cause

restrictive pulmonary

disease

It is mandatory to evaluate pulmonary and cardiac function before scoliosis cor-
rection. The heart and lungs may be directly affected (such as by mechanical pul-
monary compromise) or they may be affected as part of a syndrome.

Pulmonary Assessment

The most common

blood-gas abnormality

is reduced PaO2

with normal PaCO2

Scoliosis causes restrictive pulmonary deficit and the severity of functional
impairment is related to the angle of the scoliosis, the number of vertebrae
involved, a cephalad location of the curve, and a loss of the normal thoracic
kyphosis [28] (Table 3). The extent of functional impairment cannot, therefore,
be directly inferred from the angle of scoliosis alone. The most common blood-
gas abnormality is a reduced arterial oxygen tension with a normal arterial car-
bon dioxide tension (normal range of PaO2 9.5–14.5 kPa, normal range of PaCO2

4.5–6 kPa), as a result of the mismatch between ventilation and perfusion in
hypoventilated lung units.

Table 3. Influence on pulmonary impairment in patients with scoliosis

) angle of scoliosis
) number of vertebra bodies involved
) cephalad location of the curve
) loss of normal thoracic kyphosis
) neuromuscular disease

Restrictive lung disease

can progress to irreversible

pulmonary hypertension

and cor pulmonale

An important clinical determinant is assessment of the patient’s exercise toler-
ance, which is a clinical indicator of pulmonary reserve. As the disease progres-
ses, hypercapnia may be seen, which is an indicator of severe pulmonary com-
promise. Pulmonary disease can progress to the point of irreversible pulmonary
hypertension and cor pulmonale [29]. In patients with idiopathic scoliosis, a cur-
vature of less than 65° is usually not associated with pulmonary compromise.
However, patients with neuromuscular disease, paralysis or congenital scoliosis
may show significant pulmonary compromise with lesser degrees of curvature.
Scoliosis associated with neuromuscular disease has also been shown to be
accompanied by abnormalities in central respiratory control. Routine preopera-
tive testing should therefore include chest X-ray, spirometry, arterial blood gas
analysis and an echocardiogram.
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Cardiac Assessment

Cardiovascular abnormalities are most commonly caused by pulmonary hyper-
tension (secondary to chronic hypoxia and hypercapnia). Right ventricular
hypertrophy and cor pulmonale may develop as a result of the elevated pulmo-
nary resistance. ECG changes associated with pulmonary hypertension and right
atrial enlargement (P wave greater than 2.5 mm, R greater than S in V1 and V2)
may be seen but are usually not evident until late in the disease process.

Mitral valve prolapse can be

associated with idiopathic

scoliosis

Scoliosis is also associated with congenital heart abnormalities [30]. Mitral
valve prolapse is common in patients with idiopathic scoliosis with a prevalence
of about 25%. If a murmur is heard on physical examination, an echocardiogram
is recommended.

Echocardiogram is

recommended to assess

pulmonary hypertension

and congenital heart

abnormalities

Marfan syndrome may be associated with mitral valve prolapse, dilatation of
the aortic root and aortic insufficiency. Prophylaxis against infective endocardi-
tis should be administered to patients who have mitral valve prolapse or other
lesions resulting in disturbances of flow.

Neuromuscular Disease

Duchenne muscular

dystrophy warrants thorough

cardiac assessment

The most common neuromuscular disease is Duchenne muscular dystrophy,
with an incidence of one in 3300 male births. It is inherited as a sex-linked reces-
sive condition affecting skeletal, cardiac and smooth muscle. Over 90% of these
patients develop a progressive scoliosis when they become wheelchair bound.
Patients lack the membrane cytoskeletal protein dystrophin and typically pre-
sent between the ages of 2 and 6 years with progressive weakness of proximal
muscle groups. Up to one-third of patients have intellectual impairment.
Duchenne muscular dystrophy patients have a high incidence of deteriorating
lung function and cardiac abnormalities (50±70%). In the later stages of the dis-
ease, a dilated cardiomyopathy may occur associated with mitral valve incompe-
tence. Dysrhythmias occur and up to 50% of patients have cardiac conduction
defects [31]. Cardiac arrest in patients with Duchenne muscular dystrophy has
been reported during spinal surgery [32].

Cerebral Palsy

Cerebral palsy is a non-progressive disorder of motion and posture and is the
result of an injury to the developing brain. Clinical manifestations relate to the
area affected and these children require special consideration because of their
various disabilities. Visual and hearing deficits are common and will make com-
munication difficult. This often leads to anxiety, but premedication has to be bal-
anced with the unpredictable response. These patients should be accompanied
by their carers at induction and in the recovery room, as they usually know how
to communicate with the patient. Their understanding may be greater than
seems apparent on first meeting. About one-third of these patients suffer from

Anticonvulsive therapy

should be continued

perioperatively

epilepsy and the anticonvulsive therapy should be continued. Respiratory prob-
lems can include pulmonary aspiration from reflux, recurrent respiratory infec-
tions and reduced ability to cough. The airway should be assessed for difficult lar-
yngoscopy because of loose teeth and temporomandibular joint dysfunction.
Other problems during the perioperative period that require caution may include
hypothermia, nausea and vomiting and pain induced muscle spasm [33].
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Malignancy

Patients with primary or secondary malignant disease of the vertebral column
and spinal cord are increasingly being considered for surgery. Metastatic tumors
occur three to four times more frequently than primary neoplasms within the
vertebral column, and solitary vertebral lesions are often metastatic in the
elderly. The vast majority of neoplastic cord compressions derive from meta-
static tumors of the breast, lung, prostate or hematopoietic system. The thoracic
spine is the most commonly affected [35].

Cancer patients are prone

to complications

These patients have commonly lost a large amount of weight and have reduced
physiological reserve. Respiratory complications of malignancy are common in
such patients. Further risks include [36]:

) wound healing disturbance (protein loss)
) infection
) pleural effusion
) pulmonary toxicity (secondary to chemotherapy)
) increased risk for myocardial infarction (secondary to chemotherapy)
) metabolic derangements (e.g., hypercalcemia, SIADH)
) risk of coagulopathies (prostate cancer, hypernephroma)

The syndrome of inappropriate secretion of antidiuretic hormone (SIADH) is
associated with small cell lung tumors, carcinoma of the prostate, pancreas and
bladder, and central nervous system neoplasms [37].

Surgery for malignant

tumors often requires

extensive blood transfusions

Prior to surgery enough units of packed red blood cells should be available
since spinal decompressive surgery for malignant processes often leads to a large
blood loss.

Spinal Cord Injury

Spinal shock begins

immediately after the insult

and lasts up to 3 weeks

Patients with traumatic spinal injury frequently present for surgical spinal stabi-
lization during the period of spinal shock, which is the result of a traumatic sym-
pathectomy. It begins almost immediately after the insult and may last for up to
3 weeks [38]. The clinical effects depend on the level of the lesion to the spinal
cord and may involve several organ systems.

A traumatic sympathectomy occurs below the level of the spinal cord lesion with
the risk of hypotension secondary to arteriolar and venular vasodilatation. Injuries
at or above T6 are particularly associated with hypotension, as the sympathetic out-
flow to splanchnic vascular beds is lost. Bradycardia will occur if the lesion is higher
than the sympathetic cardioaccelerator fibers (T1–T4), with the parasympathetic
cranial outflow being preserved. A complete cervical cord injury produces a total
sympathectomy and therefore hypotension will be more marked. Above the level of
the lesion, sympathetic outflow is preserved. Vasoconstriction in the upper body
vascular beds and tachycardia may be observed in response to the hypotension
resulting from reduced systemic vascular resistance in the lower part of the body.
Hypotension associated with spinal cord injury responds poorly to i.v. fluid load-
ing, which may cause pulmonary edema. Vasopressors are the treatment of choice.
Hypoxia or manipulation of the larynx or trachea during intubation may cause pro-
found bradycardia or asystolia in these patients because of the unopposed vagal
tone. In these situations atropine may be administered to attenuate the vagal effects.
Other causes of hypotension should be excluded such as blood loss associated with
other injuries, since a hemorrhagic shock will not be accompanied by a compensa-
tory tachycardia. Positive pressure ventilation causes marked arterial hypotension
as the systemic vascular resistance cannot be raised to offset the changes in intra-
thoracic pressure caused by positive pressure ventilation [38, 39].
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Ventilatory impairment increases with higher levels of spinal injury. A high cer-
vical lesion that includes the diaphragmatic segments (C3–C5) will result in

Perioperative management

of spinal cord injured

patients is demanding

respiratory failure and death unless artificial pulmonary ventilation is insti-
tuted. Mid to low cervical spine injuries (C5–C8) spare the diaphragm but the
intercostal and abdominal muscles may be paralyzed. Further complications [39]
of the paralysis due to a cervical spinal cord injury include:

) an inadequate cough mechanism
) ineffective secretion clearing
) paradoxical rib movement on spontaneous ventilation
) decreased vital capacity (20–50%)
) decrease in functional residual capacity (10–20%)
) loss of active expiration
) paralytic ileus
) gastric distension
) thromboembolism

The paralytic ileus and the gastric distension increase abdominal pressure, fur-
ther compromising diaphragmatic excursion. This gastric distension can be
reduced by placement of a nasogastric tube and attaching it to suction.

Autonomic dysreflexia is a syndrome associated with chronic spinal cord
injury and may be present after 3–6 weeks following the spinal cord injury. This
condition is characterized by extreme autonomic responses such as:

) severe paroxysmal hypertension associated with bradycardia
) ventricular ectopy
) various degrees of heart block

Autonomic dysreflexia may

be present after 3 – 6 weeks

following the spinal cord

injury

The initiation of these events can be stimulation of nerves below the level of the
spinal cord lesion (for example, cutaneous, rectal, urological, peritoneal stimula-
tion). Injuries higher than T7 have an 85% chance of producing serious cardio-
vascular derangement [40]. Treatment involves removal of the noxious stimulus
(e.g., bladder distension), increasing the level of analgesia and/or anesthesia and
the administration of direct-acting vasodilators. If left untreated, the syndrome
can provoke a hypertensive crisis causing seizures, myocardial ischemia or cere-
bral hemorrhage. Avoidance of this phenomenon in scheduled patients with
chronic spinal injury necessitates either regional or general anesthesia despite a
lack of motor or sensory function in the area of the surgery.

Recapitulation

Patient assessment. The preanesthetic evaluation

of patients for spinal surgery follows the general ap-
proach used before any patient is given anesthesia.
Particular care should be given to the respiratory,
cardiovascular, and neurological systems that can all
be affected by the spinal pathology. The aim of the
preoperative visit is to explain the anesthetic proce-
dure and reduce the patient’s anxiety. The need for
preoperative testings is determined by the patient’s
age and health and by the scope of the procedure.

Organ-specific assessment. When assessing the
airway, difficulties should always be considered.

Traumatized patients or those with head injury are
assumed to have an unstable cervical spine until
this has been ruled out; the stability of the spine
should be discussed preoperatively with the sur-
geon. These patients may be managed with awake
fiberoptic intubation after topical anesthesia. Re-

spiratory function should be assessed by a thor-
ough history, focusing on functional impairment,
and reversible causes of pulmonary dysfunction
should be optimized. Because of the increased
prevalence of coronary heart disease, cardiac as-

sessment is a challenge to the anesthesiologist.
Special attention should be paid to patients bear-
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ing an increased risk where coronary heart disease
has not been proven. Most pediatric cardiac com-
promise is a result of the underlying pathology, e.g.,
in patients with Duchenne muscle dystrophy, Mar-
fan syndrome or scoliosis. Preoperative neurologi-

cal examination should be documented since the
anesthesiologist is responsible for avoiding further
neurological deterioration during tracheal intuba-
tion and patient positioning. In scoliosis the tho-
racic deformity causes restrictive lung disease that
can progress to irreversible pulmonary hyperten-
sion and cor pulmonale. Duchenne muscle dystro-
phy is a neuromuscular disease with a high inci-
dence of lung function and cardiac abnormalities.
Patients with malignancy have impaired physiolog-
ical reserves, and metabolic derangements and sur-
gery for malignant processes often lead to large
blood loss. Spinal injury patients frequently present

during spinal shock, a traumatic sympathectomy
below the lesion which begins almost immediately
after the insult and which may last up to 3 weeks.
Vasopressors are the treatment of choice for the
resulting hypotension. Autonomic dysreflexia may
be present after 3 –6 weeks following the spinal
cord injury and is characterized by extreme auto-
nomic responses such as severe paroxysmal hyper-
tension. Avoidance of this phenomenon necessi-
tates regional or general anesthesia for patients
with chronic spinal cord damage scheduled for sur-
gery.

Perioperative drug therapy. It is important to
decide which drugs to stop, continue or add. Peri-
operative prophylaxis with beta-blocking agents in
patients with increased cardiac risk can improve
postoperative survival rate.

Key Articles

Mangano DT (1999) Assessment of the patient with cardiac disease: an anesthesiolo-
gist’s paradigm. Anesthesiology 91:1521–6
Systematically presented suggestions for selection of preoperative tests and therapy,
based on the presence of coronary artery disease (or risk factors) and the patient’s func-
tional capacity.

Lee TH, Marcantonio ER, Mangione CM, Thomas EJ, Polanczyk CA, Cook EF, Sugar-
baker DJ, Donaldson MC, Poss R, Ho KK, Ludwig LE, Pedan A, Goldman L (1999) Deriva-
tion and prospective validation of a simple index for prediction of cardiac risk of major
noncardiac surgery. Circulation 100:1043–9
Useful and clinically applicable index for cardiac risk stratification in the context of elec-
tive major non-cardiac surgery. The authors outlined six risk factors for cardiac compli-
cations such as high risk type of surgery, ischemic heart disease, congestive heart failure,
history of cerebrovascular insult, insulin dependent diabetes mellitus and increased pre-
operative serum creatinine.

Hambly PR, Martin B (1998) Anaesthesia for chronic spinal cord lesions. Anaesthesia
53:273–89
An excellent review of this topic.

Mangano DT, Layug EL, Wallace A, Tateo I (1996) Effect of atenolol on mortality and car-
diovascular morbidity after noncardiac surgery. Multicenter Study of Perioperative
Ischemia Research Group. N Engl J Med 335:1713–20
In patients who have or are at risk for coronary artery disease and who are undergoing
non-cardiac surgery, it has been shown by these authors that the administration of ateno-
lol throughout hospitalization can substantially reduce mortality and cardiovascular
events after discharge from the hospital, particularly during the first 6–8 months after
surgery, and the effects on survival persist for at least 2 years.
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15
Intraoperative Anesthesia
Management

Juan Francisco Asenjo

Core Messages

✔ Communicate with your anesthetist. Talk to him
before surgery if you have particular concerns
about the patient or the procedure you are
planning. Let him know constantly about how
things are going during the surgery. Share your
thoughts and team up

✔ Patients having major spine procedures must
be properly assessed by the anesthesia team
beforehand to increase safety and success in
the perioperative period

✔ Special airway management and positioning
could be challenging for the anesthesia team,
sometimes involving longer preparation

✔ The anesthesia technique must allow for reli-
able neuromonitoring; SSEP recordings and
wake-up test, short-acting drugs, TIVA and low-
dose gases are indicated

✔ Blood preservation is a must. Careful surgical
technique and positioning, antifibrinolytics,

blood predeposit, cell recovery and controlled
hypotension (CH) are the way to go. CH is con-
traindicated in the presence of spinal cord com-
pression (tumor, trauma, etc.)

✔ Some cervical spine surgeries, long cases or
those with massive transfusions might require
postoperative ventilation

✔ Good pain control after surgery is associated
with lower rates of postoperative chronic pain
conditions and faster recovery. Multimodal
analgesia is the cornerstone. NSAIDs could be
controversial, but in low doses they are 17
times less likely than smoking to be linked to
malunion

✔ Anesthesia should be tailored to fast-track min-
imally invasive spine surgery, emphasizing pre-
vention of nausea, vomiting and pain control

Historical Background

Precise information is not available about the first anesthesia for spine surgery.
Definitive improvements began in the 1950s with the use of muscle relaxants, oro-
tracheal intubation, introduction of halothane and more generous use of intrave-
nous crystalloids. In the 1970s the wake-up test was described to assess the integ-
rity of the spinal function. At the same time larger doses of opiates became popular
to help maintain stable hemodynamic conditions and better pain control intra-
and postsurgery. In the 1980s and 1990s new short-acting drugs contributed to the
enhancement of the perioperative experience in patients having day surgery pro-
cedures, as well as permitting better neurophysiologic monitoring.

Goals of Anesthesia in Spinal Surgery

Optimal teamwork between

the surgeon and anesthetist

is a prerequisite for success-

ful surgery

The role of anesthesia care in spinal surgery must be appreciated within the context
of comprehensive perioperative care where a dedicated team takes care of a patient
from preoperative planning and perioperative care to rehabilitation and discharge.
In many places this is accomplished through the design of “Clinical Pathways,” a
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road map for a particular surgical procedure with standardization of each step to
reduce variability, cost and errors. The anesthesia contribution is a key component
in this continuum. In a successful Clinical Pathway all players have agreed upon a
road map, they have contributed the best evidence from their fields and everybody
understands his or her own role and each other’s inputs. In this chapter the most
relevant features of anesthesia for spinal surgical procedures are discussed. Partic-
ular emphasis on trauma, scoliosis, and degenerative and cancer surgery is given.

Preoperative Patient Assessment

Anesthesia for spine surgery

can only be as good as the

preoperative assessment

and optimization

Recommendations for preoperative assessment, diagnostic work-up and condi-
tion dependent patient optimization have been provided in Chapter 14 . Safe
and efficient anesthesia for spinal interventions depends crucially on the quality
of the preoperative assessment and patient optimization. A detailed preoperative
assessment minimizes life-threatening risks and helps to avoid intra- and post-
operative complications.

Optimal communication

between surgeon and

anesthetist is mandatory

for successful surgery

The surgeon and anesthesiologist must team up, discuss and plan the opera-
tive procedure in advance, particularly in nonroutine cases. Good preoperative
communication and a clear bilateral understanding of the procedure and the
overall condition of the patient are prerequisites to successful surgery. Although
seemingly trivial, the consequences of these rules being ignored are often seen in
daily clinical practice.

Induction of Anesthesia

Patients being admitted for surgery of the spine benefit from premedication with
gabapentin. Our experience confirms recent publications [80] supporting the use of
300–600 mg before going to the operating room. It provides mild sedation and a
powerful antihyperalgesic effect. If a wake-up test (WUT) is considered, benzodiaz-
epines or other amnesic drugs are not recommended since the patient will not retain
the informationabout theWUTprovidedbefore the inductionofgeneral anesthesia.

Patient identification and

type and level of procedure

must be checked

prior to anesthesia

Prior to starting the anesthetic procedures, the identification of the patient,
the type of procedure and the level to be operated at (which is key in spine sur-
gery) must be checked and confirmed to avoid “wrong patient, wrong side and
wrong site surgery” particularly if patients with identical surnames are on the
operating list.

Before starting the anesthetics, the minimum standard monitoring for gen-
eral anesthesia in an otherwise healthy patient undergoing low risk spine surgery
encompasses:

) hemoglobin-O2 saturation
) noninvasive blood pressure
) end-tidal CO2
) continuous ECG

The patient’s preoperative condition and type of surgery will dictate the use of
other monitoring before starting the operation.

At least one large bore i.v. cannula should be in place prior to the induction of
anesthesia and for major cases. A second cannula is inserted after the patient is
asleep unless a central venous catheter is considered.

The choice of induction agent (propofol, thiopental, opiates, etomidate or
inhaled agents in children) will depend on the general condition of the patient and
the presence of trauma associated hypovolemia, cardiac conditions and cord com-
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pression with marginal blood perfusion. The choice of muscle relaxants to facilitate
the intubation will be influenced by conditions like full stomach, gastroesophageal
reflux and trauma. Nondepolarizing agents such as rocuronium, vecuronium and
cisatracurium have a safe record and are widely used today in spine surgery. Suc-

Succinylcholine should be

avoided in patients with

muscular dystrophy and

spinal cord injury

cinylcholine should be avoided in patients with muscular dystrophy as well as in
patients with spinal cord injury between 3 and 180 days postdenervation because
of the potential for hyperkalemia, secondary arrythmias, and cardiac arrest. Acute
denervation induces an increment in the number of cholinergic receptors in the
perijunctional area. Succinylcholine is a depolarizing type of muscle relaxant;
therefore in this condition it will release massive amounts of potassium [30, 70].

Airway Control and Endotracheal Intubation

A decision should be made whether to gain control of the airway in advance of or
after the induction of anesthesia to assess neurological status after airway manipu-
lation and positioning the patient on the table. Patients with unstable C-spine or
using a halo vest might need fiberoptic intubation and awake positioning to ensure
preservation of neurological function. If awake positioning is needed with traction
devices anchored to the skull (e.g., a skull clamp or Mayfield head support), infiltrat-
ing the area where the pins are going to be placed (with 4–6 ml of bupivacaine 0.25%
with epinephrine 5 μg/ml at each point) at least 10 min prior to pin insertion is sug-
gested. Occasionally a low-dose infusion of remifentanyl (0.05–0.1 μg/kg/min) is
maintained during the whole procedure of intubation and positioning. In the event
that the patient’s mental status is not reliable enough to ensure a safe surgical posi-
tioning, an alternative is to do a baseline somatosensory evoked potential (SSEP)/
motor evoked potential (MEP) recording before anesthesia and positioning and
compare it to the one immediately after installation on the surgical table (Table 1).

Table 1. Indications for awake fiberoptic intubation

Absolute Relative

) prior occipitocervical fusion ) history of difficult intubation
) cervical spinal cord compression ) prior extensive C-spine fusion
) patient to be positioned awake on the table ) risk of aspiration
) cervical spine trauma ) halo vest in position
) atlantoaxial instability ) severe kyphoscoliosis

) orofacial malformations

There is controversy as to whether direct laryngoscopy is a major factor contrib-
uting to cord injury in patients with cervical spine instability [48]. In this setting,
however, other factors such as hypotension and patient positioning may be even
more important. Laryngoscopy with manual inline stabilization by the surgeon

Direct laryngoscopy should

be avoided in patients with

spinal cord compromise

or with a stiff collar is an accepted means of intubation for many patients with an
unstable cervical spine as long as movement of the neck can be avoided [48].
Patients with difficult airways may require fiberoptic intubation, a GlideScope
device (a fiberoptic laryngoscope with a screen, see Fig. 1) or a laryngeal airway
mask (the “fast track”) to gain airway control. Careful freezing of the airway with
local anesthetic is important to avoid coughing during tube placement in patients
with unstable C-spine.

In the case of anterior access to the thoracic spine, selective collapse of the
ipsilateral lung facilitates performance of the procedure by the surgeon. Some
choices exist in this situation between:

) a regular orotracheal (OT) tube with a bronchial blocker, which is possibly
the first option. It requires a regular OT tube to be placed, followed by fiber-
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Figure 1. GlideScope

Direct laryngoscopy without
moving the head or C-spine.
Observe on the screen the
deflated cuff of the endotra-
cheal tube under the epi-
glottis crossing the vocal
cords.

optic deployment of a bronchial blocker (type Cohen or Arndt) similar to a
Fogarty catheter to restrict the ventilation to the nondependent lung. It is
the simplest way of isolating and deflating the lung.
) a Univent OT tube, which is a slightly larger tube because of a bronchial

blocker channel built-in to its wall. This tube is placed in the trachea like a
regular OT tube. The built-in bronchial blocker is advanced under direct
fiberscopic vision through its channel to the main bronchus of the nonde-
pendent lung. It is the fastest way of isolating the lung.
) a classic double lumen device which is very reliable, but which can be more

traumatic for the airway and vocal cords. If the patient remains intubated in
the postop, this is the only type of tube that will need to be changed for a
regular one. Placement of this type of tube may also be more difficult in
patients with complex airways.

Standard use of the more expensive reinforced armored orotracheal tube in
patients operated on in the prone position is not clearly justified in the literature
[34]. Furthermore, if the patient bites the armored tube (for instance, face-down
during a WUT or while on ventilator support in the recovery room or
ICU), it will remain deformed and collapsed, diminishing or totally blocking the
gas flow, causing a major problem to breathing. Changing the tube with the
patient in the prone or lateral position or during cervical spine surgery might be
catastrophic. A nasogastric or orogastric tube is routinely passed intraoperati-
vely and removed before extubation in anterior C-spine procedures to help the
surgeon identify the esophagus and decrease postoperative nausea and vomiting.
For anterior lumbar approaches, the stomach is decompressed of gas and secre-

Careful eye and face

protection is crucial

tions by using the gastric tube. Careful eye protection with cream, occlusive tape
and peripheral padding is mandatory in particular in patients positioned prone
or in anterior approaches to the cervical spine (Fig. 2). In prepping the neck for
posterior approaches, irritant solutions might reach the eyes from behind,
remaining there for hours with the potential for severe corneal damage.

392 Section Peri- and Postoperative Management



a

bFigure 2. Eye and face protection

Details of the eye (a) and face protection (b) in a patient having anterior C-spine surgery due to trauma. The eyes are cov-
ered with cream and seal and are then padded to avoid damage by pressure or sharp objects. Nasogastric tube is in place.

After deployment of the surgical retractors in anterior cervical spine surgery, the
pressure inside the endotracheal tube cuff frequently reaches 40–50 mmHg. It
should be rechecked in order to maintain it between 15 and 20 mmHg; this is even
more important if the anesthetist is using N2O in the gas mixture due to its fast dif-
fusion into the cuff. These marked increases in the cuff pressure along with
lengthy total intubation time are frequently reported to elevate tracheal and pha-
ryngeal morbidity such as hoarseness and vocal cord palsy [3]. Once the surgical
team finishes positioning the patient, it is wise to confirm that the endotracheal
tube has not moved and that bilateral ventilation and breath sounds are adequate.

It is also a good time to verify that the bronchial blocker is still in the right
place if one lung ventilation is desired.

Antibiotic Prophylaxis

Postoperative infections in spine surgery are primarily monomicrobial, although
in about half of infected patients more than one organism can be identified. The

Routine antibiotic

prophylaxis today is

standard in spinal surgerybacteria most commonly cultured from wounds are Staphylococcus aureus and
epidermidis [17]. Postoperative infections occur in 0.3–9% of patients undergo-
ing spine surgery [75]. Increased risk of spine postoperative infections has been
associated with:

) staged procedures
) blood loss in excess of 1000 ml
) surgery longer than 4 h
) smoking
) diabetes
) malnutrition
) obesity
) immunocompromised patients
) alcoholism
) posterior approach
) postoperative incontinence
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) cancer surgery
) extended preoperative hospitalization
) intraoperative hypothermia

For the antibiotic prophylaxis to be effective, a drug with bactericidal activity
against the most common infecting organisms must be present in the tissues at
risk from the moment of the incision and for the duration of the surgery. Cefazo-
lin’s spectrum is sufficiently broad to be effective but limited enough to avoid
resistance and superinfection. Cefazolin’s penetration into the subcutaneous tis-
sue and the intervertebral disc is adequate if serum concentration is maintained.
In most hospitals, cefazolin is the agent of choice because it has an optimal anti-

Redose antibiotics in cases

with prolonged surgery

and/or substantial

blood loss

microbial coverage, is relatively nontoxic and inexpensive, and has excellent pen-
etration into the tissues at risk. The agent should be started within 30 min before
skin incision. A blood loss greater than 1500 ml or a duration of surgery exceed-
ing 4 h warrants redosing of the antibiotic, which should only be given for 24 h
perioperatively. The responsibility for the prudent administration of prophylac-
tic agents has therefore moved to the domain of the anesthesiologist. These prac-
tices will result in the most efficacious and judicious use of antibiotics [14]:

) maintaining therapeutic concentrations when appropriate
) avoiding excessive cost
) minimizing emergence of resistant microbial pathogens

Although adverse reactions are actually rare, patients with a history of these
events should receive an alternative antibiotic; vancomycin or clindamycin are
second line choices in this setting. In selecting the antibiotic, local patterns of
pathogens from infection control data should play a role. Hospitals with a high
prevalence of resistant microbes, such as the methicillin-resistant S. aureus
(MRSA), may consider using alternative agents. Most procedures with the
implantation of foreign material warrant prophylaxis. Foreign bodies not only
allow more efficient colonization, but also protect the organisms from systemic
antibiotics, making these complications extremely difficult to treat. Due to the
high rate of infection without prophylaxis, the severe associated morbidity, and
the lack of effective therapy, prophylaxis is indicated in any spinal procedure
where the intervertebral disc is manipulated. The use of antimicrobial prophy-
laxis in spinal surgery can reduce the number of both superficial and deep wound
infections. The benefits of this intervention include less patient pain and discom-
fort, shorter hospital stays, and fewer expenses.

Patient Positioning

Correct patient positioning

is mandatory for

a successful outcome

Patient position for surgery depends on the level of the spine to be operated on
and the kind of intervention to be performed. In some procedures (such as ante-
roposterior lumbar surgery) the patient is repositioned while asleep to complete
the operation. It is not clear whether positioning a patient with an unstable cervi-
cal spine is safer awake or asleep. In elderly patients with severe cervical spondy-
losis, positioning with the neck in extension may result in spinal cord compres-
sion between the ligamentum flavum and posterior vertebral body osteophytes.
Cervical approaches can be done with the patient prone or supine. Thoracolum-
bar surgery might require lateral decubitus to gain access to the intrathoracic
spine as well as the upper lumbar section. Most scoliosis procedures are done
with the patient in the prone position.

Attention must be given to protect:

) bony prominences and joints (elbows, anterior superior iliac spines, facial/
forehead area, knees and ankles/feet)
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Figure 3. Position on the Jackson table

Observe the abdomen hanging free of pressure. The arms rest without axillary or elbow pressure and at a 90-degree
angle in the shoulders and elbows. Elbows are padded and the head is in neutral position with eyes, mouths and nose
in the hole of the foam holder with no pressure. The warming blower is in place over the lower limbs.

) blood vessels (carotid/jugular, femoral, axillary artery)
) nerves (ulnar, femoral, femorocutaneous, sciatic, peroneal, brachial plexus)

A 90° angle between the trunk and arms and between arms and forearms is rec-
ommended in the prone position. The abdomen must hang free [58] to decrease The abdomen must hang

free with the patient

in the prone position

pressure on the inferior vena cava and subsequently reduce epidural vein pres-
sure and bleeding (Fig. 3). The external genitals should be unloaded of any
pressure or traction. In the prone position the eyes and nose should remain
free of pressure. A small risk of corneal abrasion exists if the patient wakes up
too actively in a WUT and the cornea remains uncovered afterwards in the
face-down position. The prone position might represent an advantage from a
respiratory point of view in patients properly positioned with a free-hanging
abdomen due to functional improvement in residual capacity and oxygenation
[59].

Sequential anteroposterior spinal access presents a challenge to keep the mon-
itoring and lines in place when flipping from one position to the other. Coordina-
tion and communication are required since this is a combined effort of many
people in the OR. Jackson tables provide some advantages; however, precautions
must be taken to minimize compression and traction of lines and anatomic struc-
tures. Cervical spine procedures call for a thorough final check of lines and tubes
before prepping and draping. The endotracheal tube, nasogastric tube and tem-
perature probe have to be secured.

Skin Preparation. Current evidence based preoperative recommendations do not
endorse shaving the skin. If hair requires removal, it should be done by clipping
with an electrical device not by shaving (in fact shaving might lead to higher
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operative site infection rates than no hair removal or clipping) and the best tim-
ing is immediately before bringing the patient into the theater (not in the OR).
The patient’s skin should be physically scrubbed and cleaned before the applica-
tion of antiseptic [2, 35, 40].

Ischemic Optic Neuropathy

Perioperative increased

intraocular pressure

may lead to ischemic

optic neuropathy

Increases in intraocular pressure with ischemic optic neuropathy have been
linked to blindness after the patient has been in the face-down position in spine
surgery [72]. Ocular perfusion pressure (OPP) relates directly to mean arterial
pressure (MAP) and inversely to intraocular pressure (IOP), venous pressure in
the eye and central venous pressure. In patients free of ocular pathology under-
going spine surgery in the prone position, Cheng et al. [11] found a change in the
IOP from 19±1 mmHg preinduction/supine, to 13±1 mmHg 10 min postinduc-
tion/supine, to 27±2 mmHg prone/before surgery, to 40±2 mmHg prone/end of
surgery, to 31±2 mmHg after returning the patient to the face-up position. They
also described a moderate correlation (r2=0.6) between the time spent in the
prone position and the elevation of the IOP. To minimize the chances of visual
troubles, a neutral-head or slight head-up position is recommended along with
equilibrated fluid balance and a MAP of not below 60 mmHg (eye perfusion pres-
sure = MAP – [CVP + IOP]). The most common cause of amaurosis after spine
surgery is anterior or posterior ischemic optic neuropathy (ION). Less common
causes are central retinal artery or vein occlusion and occipital lobe infarct. Risk
factors for ION are diabetes mellitus, hypertension, head-down position, smok-
ing, and the combination of intraoperative anemia and hypotension [62]. We
favor the use of the Mayfield head clamp for posterior cervical spine procedures
because pressure on eyes, nose, and chin can be avoided. Post spine surgery
blindness is an important topic that led The American Society of Anesthesiology
to evaluate this theme through the ASA Postoperative Visual Loss Registry. Pre-
liminary results have been published. Established in July 1999, the registry col-
lects information anonymously (http:depts.washington.edu/asaccp) to identify
risk factors to prevent this complication in the future [41, 43].

Maintenance of Anesthesia

Maintenance of anesthesia is intended to provide good surgical (a dry field, good
neuromonitoring, adequate muscle relaxation when needed) and anesthetic con-
ditions (amnesia, nociceptive suppression, temperature preservation, hemody-
namic and organ function stability). These goals can be achieved with total intra-
venous anesthesia (TIVA) or a gas/opioid approach. TIVA with target controlled
infusions (TCIs) has come into fashion in many places of the world except in
North America, because of its minimal interference with intraoperative neuro-
monitoring, smooth and fast anesthesia and quick control of the level of anes-
thetic depth. However, a low dose (0.3–0.5 minimum alveolar concentration or
MAC-awake) of desflurane or sevoflurane with remifentanil [4] can actually be as
good as or better than TIVA for neuromonitoring without the effect of propofol

Blood preservation

is important

on platelet function. Blood preservation is a primary goal in major spine surgery.
Propofol is known to decrease platelet function in studies describing the inhibi-
tory effect of propofol on human platelet aggregation [12, 49]. Because patients
often use prophylactic doses of aspirin or nonsteroidal anti-inflammatory drugs
(NSAIDs) for pain control preoperatively, the use of continuous infusions of pro-Preoperative NSAID intake

substantially increases

bleeding and should be

stopped beforehand

pofol is a theoretical risk for more bleeding. If a WUT is required, patients on
low-dose desflurane or sevoflurane can be weaned faster and tend to respond ear-
lier to commands from the anesthetist than those on propofol. Remifentanil is an
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ultrashort acting and potent opiate that is completely metabolized and elimi-
nated from the circulation in 3–6 min by plasma esterases. It makes a perfect
match with the low-dose gases technique. In continuous infusion, it not only pro-
vides excellent analgesia, but it also allows for quick changes in the depth of anes-
thesia for WUT and it is a versatile tool for induction of controlled hypotension.
It has been our experience that for thoracolumbar and lumbar spine surgery the
use of intrathecal single shot morphine (0.3–0.6 mg preservative-free) before the
induction of anesthesia greatly contributes to intraoperative and early postoper-
ative stability and smooth WUT. Using this approach for the last 5 years we have
had no infections attributed to the technique and both surgeons and patients
appreciate it in equal measure. The same result is achieved with high thoracic
epidural analgesia (catheter at C6–T5) for thoracolumbar procedures where a
thoracotomy and chest drain are required. Any choice of maintenance drugs
must aim to give a stable depth or level of anesthesia. Neuromuscular relaxant
drugs should be used to facilitate airway control and then only as necessary
according to the surgical conditions.

Muscle relaxants do not

interfere with SSEPs

Muscle relaxants are generally not recommended when MEPs are being mon-
itored; however, if surgical conditions mandate some muscle relaxation while
monitoring MEPs, a low-dose continuous infusion of intermediate-acting mus-
cle relaxants (rocuronium, cisatracurium, etc.) titrated to keep 3 out of
4 twitches (3/4 TOF) from the nerve stimulator can be used without impairing
the MEP monitoring [38]. After the intubation dose of the muscle relaxant wears
off, MEPs should begin to get a baseline recording (unless baselines for SSEPs
and MEPs were obtained before muscle relaxation was induced). Then, the titra-
tion of the muscle relaxant infusion should proceed. A theoretical advantage of
having some degree of muscle relaxation in major posterior procedures is better
abdominal decompression as opposed to the abdominal tightness of an unre-
laxed patient.

Intraoperative Monitoring Techniques

Advanced Monitoring of Vital Functions

Advanced monitoring of vital cardiopulmonary functions is suggested only in
patients with systemic pathology or those scheduled to have major spine proce-
dures. A central venous catheter is often inserted to measure central venous pres-
sure (CVP), administer volume and have separate lines for drugs. In anterior
lumbar spine surgery, monitoring hemoglobin saturation and plethysmographic
curves from the ipsilateral toes to the surgical access to the spine are recom-
mended (Fig. 4). This simple measure can provide early warning of vascular com-
pression with retractors [33].

Cardiovascular System

Consider cardiac compromise

in patients with Duchenne’s

muscular dystrophy

Cardiac compromise may be a direct result of the underlying pathology, for
example in patients with Duchenne’s muscular dystrophy or from unrelated car-
diovascular disease such as hypertension or coronary artery disease. Cardiac
dysfunction may also result from severe scoliosis or kyphosis, which causes dis-
tortion of the mediastinum, and cor pulmonale secondary to chronic hypoxemia
and pulmonary hypertension. A direct arterial blood pressure line will be
required in the case of major surgery, patients with preoperative cardiopulmo-
nary pathologies or other anesthetic considerations (Table 2).

An arterial catheter is usually inserted in the radial or femoral arteries for this
purpose.
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Figure 4. Plethysmography of the toe

Simultaneous monitoring of the Hbsat and plethysmography in the toe and finger to detect arterial compression in the
anterior lumbar approach.

Table 2. Indications for direct arterial pressure monitoring

Preoperative conditions Surgical indications

) coronary artery disease ) long operations (requiring blood sampling)
) other cardiac conditions limiting heart function ) expected major blood loss
) uncontrolled hypertension ) controlled hypotension to be used
) severe peripheral vascular disease ) postoperative mechanical ventilation
) advanced chronic obstructive pulmonary disease

With the patient in the prone position, the CVP may be a misleading indicator of
right and left ventricular end diastolic volume [71]. In a study in pediatric
patients scheduled for scoliosis surgery, the CVP rose from 9 to 18 mmHg on
turning patients from the supine to the prone position. The increase seems to
correlate with the pulmonary artery pressure (PAP). The left ventricular end dia-
stolic diameter measured by transesophageal echocardiography (TEE) fell from
37 to 33 mm, indicating a transient and positional diastolic ventricular dysfunc-
tion. Pulmonary artery catheters are controversial because they do not decrease
perioperative mortality and can cause significant morbidity. In healthy adults

Prone patient position

reduces cardiac function

[73], the face-down position reduces the cardiac index (15–25%) and increases
systemic vascular resistance possibly due to a decrease in venous return and ven-
tricular compliance. These changes are more pronounced with propofol-based
anesthesia than with gas. The main take-home message from this study is that
greater changes should be expected in individuals with established preoperative
cardiorespiratory pathology. Near infrared spectroscopy, a novel technology
with potential application in spine surgery patients undergoing controlled hypo-
tensive anesthesia (CHA), is enjoying a period of intense interest and research
[29]. This is a noninvasive device for following brain Hb-oxygen mixed satura-
tion in the territories supplied by the anterior and middle cerebral arteries. With
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CHA a small risk of brain hypoperfusion in the presence of unrecognized carotid
stenosis exists. This method has been extensively used in cardiac anesthesia to
reduce postoperative strokes and provides a transcranial reading of brain tissue
O2sat that is made up of 75% venous blood and 25% arterial blood, allowing the
anesthesiologist to adjust the brain blood flow and oxygenation to a safe level.

Maintenance Fluids

The type and volume of fluid maintenance will vary depending upon the magni-
tude of blood loss, the preoperative intravascular filling status, the systemic pre-
operative condition of the individual and the length of the procedure. Patients
scheduled for discectomy or simple hardware removal with minimal blood loss
can receive “normal” saline or balanced solutions (lactated Ringer’s, Hartmann’s
solution, etc.). Those that will be fast-tracked in day-surgery programs should
have (under normal conditions) no bladder catheter and crystalloid volumes
below 1000–1500 ml perioperatively. For major operations, fluid therapy should
be guided by the CVP and blood loss, and the latter replaced with the appropriate

Fluid therapy should

be guided by CVP

solution/blood product. Balanced crystalloid solutions are recommended to
avoid hyperchloremic acidosis induced by the so-called “normal” saline due to
the high content of chloride in it [8]. Preoperative fasting is usually replaced in
the first hour of surgery with 10 ml/kg of Ringer’s lactate solution. Recent publi-
cations [28] have raised concern about the potential harm of overloading
patients with fluids; therefore fluid volume therapy must follow a rational indica-
tion to replace preoperative negative balance, intraoperative maintenance, intra-
operative blood loss and postoperative requirements.

Bladder catheters are routinely inserted before procedures lasting for more
than 3 h to preclude bladder distension and to monitor urine output. Large blood
volume changes and the frequent use of vasoactive drugs make their use manda-
tory to observe urine output in these situations. Foley catheters are also recom-
mended to be inserted in elderly male patients who suffer from prostate hyper-
plasia and patients with urinary incontinence.

Body Temperature

Mild perioperative hypothermia (reductions of core body temperature of 1–2°C)
is associated with [64]:

) increased postoperative cardiac complications
) impaired hemostasis
) impaired neutrophil function
) wound area hypoxia
) increased postoperative protein wasting
) altered pharmacodynamics of muscle relaxants
) delayed discharge from recovery room
) increased infectious complications [24]

A temperature probe should be placed, particularly in juvenile and infantile
patients undergoing scoliosis surgery as well as in patients expecting to have
large blood volume changes. Body temperature decreases very quickly in uncov-
ered and anesthetized children and elderly patients; the main mechanisms are
redistribution of heat from the core compartment to the periphery along with
decreased heat production. Routine use of air-warming blankets and intrave-
nous blood/liquid warming systems is recommended. Unless they are warmed,
each unit of blood or 1000 ml of crystalloid solution at room temperature will
reduce body temperature by 0.25°C. Patients that are only partially paralyzed
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produce more heat compared with those fully paralyzed. Temperature monitor-
ing must be used when neurophysiologic monitoring is planned since a normal
temperature is a requirement for successful WUT and neurophysiologic record-
ing. Although malignant hyperthermia nowadays is a very rare condition, its
incidence is increased in patients with scoliosis because of their association with
neuromuscular pathology.

Monitoring Depth of Anesthesia (Consciousness)

Since the introduction of anesthesia almost 150 years ago, the depth of anesthesia
has been monitored through surrogate variables (heart rate, arterial pressure,
eye behavior, etc.). Today, the level of consciousness at induction, steady-state
and wake-up phase can be monitored directly. The anesthesiologist uses these
tools in spine surgery to keep patients at an appropriate level of anesthesia, to
prevent recall of intraoperative events and to facilitate WUT performance (see
below). Bispectral Index (BIS) and other techniques (auditory evoked potentials,
entropy, etc.) have been evaluated and validated to correlate with consciousness
during anesthesia with propofol, isoflurane or sevoflurane [7]. The BIS is a pro-

Monitoring the level

of consciousness during

the anesthesia is necessary cessed presentation of the EEG as a numerical rating from 100 (fully awake) to 0
(isoelectric EEG, total suppression of brain activity). Numbers between 45 and 60
are desirable as indicators of an appropriate consciousness level for surgery. The
interaction of gases and propofol on the pharmacodynamic effects of opioids and
the BIS has been studied recently [52]. Bear in mind that the other components
of anesthesia (autonomic response, muscular relaxation, nociception, etc.) are
monitored with other instruments.

Neuromuscular monitoring

assesses the level

of muscular relaxation

Neuromuscular monitoring is performed in order to evaluate muscular relax-
ation during the intubation phase as well as during the surgical period and prior
to the WUT and extubation. The train-of-four (TOF) is a simple way for the anes-
thesiologist to assess neuromuscular relaxation in anesthetized patients. It con-
sists of a barrage of four electrical impulses delivered transcutaneously over the
ulnar nerve at 2 Hz to activate the adductor pollicis. Three responses in the TOF
are normally observed when there are over 75% of the neuromuscular receptors
free of a muscle relaxant effect. Patients monitored for MEP and/or nerve root
integrity must have at least 3/4 twitches in the TOF.

Intraoperative Blood Preserving Techniques

Use blood preserving

techniques

Blood product transfusions are frequently required in major spinal surgery.
Transfusion thresholds for red blood cells commonly used are a hemoglobin con-
centration of 7–9 g%, compensatory tachycardia and an increasing lactate blood
level. Patients with cardiopulmonary diseases and patients actively bleeding are
considered for transfusion in the upper threshold margin. Complications of
transfusions include transfusion transmitted infections (1 :1900000 transfused
units for HIV, 1 :1600000 for hepatitis C, 1 :220000 for hepatitis B), bacterial con-
tamination (1 :1000 or 2000 for platelet concentrates), immunosuppression,
transfusion-related acute lung injury, transfusion reactions (cutaneous, cardio-
vascular, respiratory) and graft-versus-host reaction. The Cumulative Serious
Hazards of Transfusions (SHOT) survey in the United Kingdom over 6 years
describes 35 reports of transfusion transmitted infections of which 21 were bac-
terial with 6 fatalities. Of these, 17/21 were due to platelets and also 5/6 deaths
were related to platelets. The SHOT report will not pick up viral complications as
they are often more chronic and may develop outside of the considered “win-
dow” for reporting [5].
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Transfusions increase

the risk of postoperative

infections

Nosocomial infection rates increase fivefold in patients receiving allogenic trans-
fusions with a dose-response pattern; the more units received the higher the odds
of infection [16]. Potential problems with fresh frozen plasma transfusions are
well described in pediatric surgery, including hypotension and cardiac arrest
linked to sudden hypocalcemia [63, 77].

Good spine surgeons complete the surgical procedures in less time, are careful
with hemostasis, and pay attention to optimal patient positioning while looking
for better outcomes. In posterior surgical approaches there is more bleeding
because of the bigger incisions, more work on the laminae and facet joints, greater
chances of epidural vein damage and bleeding and bone graft harvesting [15].

Neuromuscular scoliosis

surgery is prone to increase

blood loss

Neuromuscular scoliosis patients have greater blood loss during spinal fusion
surgery than idiopathic scoliosis patients. Prolongation of the prothrombin time
and decrease in Factor VII activity suggest activation of the extrinsic coagulation
pathway. Depletion of clotting factors during scoliosis surgery occurs to a greater
extent in patients with underlying neuromuscular disease [32] (see Table 3).

Table 3. Factors associated with a higher risk of homologous blood transfusion

) low preoperative hemoglobin ) decreased amount of autologous blood
units available

) spine surgery in cancer patients ) no use of Jackson table
) multilevel posterior fusion ) neuromuscular scoliosis surgery

Controlled Hypotensive Anesthesia

Spinal cord blood flow (SCBF) autoregulation has been studied in humans [27].
SCBF autoregulation is similar to the brain’s with a stable plateau between 50 and

Controlled hypotensive

anesthesia is frequently

used in spinal surgery

100 mmHg mean arterial pressure (MAP). It changes in lineal fashion with CO2

between 15 and 90 mmHg and remains unchanged with PaO2 above 50 mmHg. A
reference MAP of 60–65 mmHg in spine surgery is supported in the literature
[15]. It is important to preserve the end-tidal CO2 in the normal/high range to
improve brain and spinal cord perfusion while under controlled hypotensive
anesthesia (CHA) conditions. Inducing CHA in patients in the prone position is
facilitated by the sequestration of volume in the lower limbs (particularly using
an Andrew’s table) and the effect of anesthetics on hemodynamics. Fluids must
be given to keep a normal cardiac output/organ perfusion while on low MAP
since the blood container (vascular system) has been expanded, and in the prone
position the heart and pulmonary circulation are affected. The most frequently
used agents to produce CHA are:

) remifentanil
) sodium nitroprusside
) labetalol and nitroglycerin
) calcium channel antagonist
) fenoldopam
) propofol (it might interfere with SSEPs in the high range of doses required

to induce CH)
) inhaled anesthetics (sevoflurane or desflurane, same comment as propofol)

CHA reduces blood loss,

transfusion requirement

and operative time

CHA reduces blood losses by 55% and transfusion requirements by 53%, while
operating time has been reported to be shorter [74] in scoliosis surgery. It has
been applied in a variety of spine procedures including idiopathic scoliosis,
degenerative scoliosis, instrumentation for Duchenne’s patients and others.

Although limited clinical experience is available so far, prostaglandin E1

(PGE1) seems to be an interesting alternative to inducing CHA. An infusion of
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PGE1 is capable of reducing MAP smoothly, maintaining the autoregulation of
the spinal cord blood flow [79].

In spinal cord injury

and compression, CHA can

compromise remaining

spinal cord function

Caution should be exercised in patients with spinal cord trauma or tumors
compressing the spinal cord where the normal autoregulation might be impaired
and the perfusion compromised in some areas.

Secondary injury prevention is paramount to avoid further damage to the spi-
nal cord function; therefore a normal or higher perfusion pressure should be pre-
served [85] until the surgical decompression is achieved.

Intrathecal Opiates

Two groups incidentally observed a decrease in intraoperative bleeding in spine
surgery with the use of preoperatively injected intrathecal opiates. This effect was
not observed when the drug was injected at the end of the procedure. Goordarzi
et al. [23] noticed in ten adolescents receiving morphine 20 μg/kg intrathecally
with 50 μg of sufentanyl that the combination facilitated intraoperative CHA to a
MAP of 55 mmHg. Gall [19] observed in 30 patients 9–19 years old undergoing
spinal fusion a significant trend towards lower bleeding volumes when morphine
5 μg/kg intrathecally was injected before starting the operation. This study does
not provide information about the impact of that trend on the transfusion rates.

Blood Predeposit and Erythropoietin Injection

For surgeries with expected blood losses of over 1–1.5 l, a blood predeposit of 1
or 2 units is recommended when feasible in adolescents and adult patients [63].
A predeposit hemoglobin of between 11 and 14.5 g% is considered to be the opti-
mal range. Over 90% of patients coming for spinal fusions that predeposit their
own blood avoid receiving allogeneic blood [53]. Iron supplementation with
erythropoietin in patients with production problems should be prescribed. A
prospective randomized study of epoetin alfa vs. placebo in patients scheduled
for complex spine deformity surgery showed that patients in the treatment group
were more likely to complete predonation, decrease homologous transfusions
and have shorter hospital stays [66]. Colomina suggested that using recombinant
erythropoietin (rEPO) in spine surgery patients with expected blood loss of

Recombinant erythropoietin

may substitute blood

predeposit

around 30% of their blood volume might substitute blood predeposit. They also
mentioned that patients expecting around 50% blood volume loss can avoid allo-
geneic blood transfusions by predeposit and bone marrow stimulation with
rEPO [10]. Recommended dose is 600 U/kg/week subcutaneously for 4 weeks
(usually one vial of 40000 U/week), and 200–300 mg/day of iron should be given,
along with folic acid and vitamin B12 over the entire period of rEPO supplementa-
tion. Once the Hb level reaches 15 g% the rEPO should be suspended.

Cell Salvage

Intraoperative cell salvage consists of collecting the blood from the surgical field
to a machine that separates red blood cells from detritus, washing and concen-
trating them to be reinfused into the patient. Its use is indicated when blood
losses over 15–20 ml/kg are expected. Cell salvage is contraindicated in:

) infected patients
) cancer surgery

In a provocative approach, some authors have reinfused collected blood in a large
number of cancer patients after irradiation of the bag to kill any malignant cells
which are potentially present [25]. More research is needed before recommend-
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ing this approach. Blood collected in the drains within the first 2–4 postopera-
tive hours can also be processed and reinfused with the cell saver system.

Pharmacological Measures

Tranexamic acid or aprotinin [81] used with the induction of anesthesia has been
reported both in adults and children to reduce blood losses in spinal procedures.
Because of its price (1 g tranexamic acid costs C$19.35 vs. C$210 per allogenic
blood unit vs. C$338 per autologous blood unit vs. C$344.40 per vial of 500000 U
of aprotinin), good tolerance and effectiveness, we and others [54, 65] prefer tra-
nexamic acid in a protocol of 15–50 mg/kg in a bolus with the induction of anes-
thesia plus an infusion of 1 g/h or boluses of 10–25 mg/kg every 3 h intraoperati-
vely and then q8 h for the first 24 h postoperatively. An increase in coagulability,
changes in kaolin/Celite times or severe allergic reactions associated with the use
of aprotinin have not been reported with tranexamic acid [26]. Recently, the use
of aprotinin was associated with a doubling of the risk of renal failure, a 55%
increased risk of myocardial infarction and a 181% increase in the risk of stroke
in cardiac surgery when compared to tranexamic acid [45]. Desmopressin has
not proven useful in decreasing blood losses [76] in idiopathic scoliosis surgery.

Anemia/hemodilution

and low CHA increase

the risk of ION

We do not use hemodilution since there is no demonstrated advantage of add-
ing it to patients having CHA and antifibrinolytics. More importantly, ION seems
to be much more likely to occur when combining anemia (or hemodilution) and
low CHA.

Blood Transfusion and Coagulation Factor Substitution

The question of when to start transfusing blood products in spine surgery boils
down to what are the thresholds for the red cells (RBCs), platelets, plasma and
factors. Blood is separated in blood banks into its components to optimize the
use of resources by allowing blood subproducts to be transfused in different
patients. Two different approaches to blood component replacement have been
recommended. The first is to transfuse fresh frozen plasma (FFP) and platelets
prophylactically after a certain number of units of RBCs have been transfused.
However, there is no agreement on the optimal ratios; these vary widely, ranging
from 1:10 to 2 :3 for FFP:RBCs and from 6:10 to 12 :10 for platelets :RBCs. The
second approach is to transfuse FFP, platelets or cryoprecipitate only when there
is clinical or laboratory evidence of coagulopathy; for instance, when there is
microvascular bleeding, a prothrombin time (PT) or a partial thromboplastin
time (PTT) >1.5 times the normal value, thrombocytopenia with a platelet count
<50000–100000/l or a fibrinogen concentration <100 mg%.

The following are recommendations from international publications summa-
rized by Leal-Noval [42] and the American Society of Anesthesiologist Task
Force on Perioperative Blood Transfusions 2005 (www.asahq.org).

RBC Concentrates Transfusion Criteria

) Hb <8 g%
Note: 10 ml/kg of RBC

concentrate will increase

the Hb by 1 – 2 g % or

3 – 6 points of hematocrit

) Hb between 8 and 10 g% in normovolemic patients, but with clinical signs
of myocardial, cerebral, or respiratory dysfunction; and
) intraoperative hemorrhage, i.e., bleeding of 10 ml/kg in the first hour or

5 ml/kg × h in the first 3 h (averaged)
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FFP Transfusion Criteria

Patients with active bleeding and:

Each unit of FFP contains

2 – 4 mg of fibrinogen/ml;

therefore each FFP unit

delivers the equivalent of

2 units of cryoprecipitate

) PT or PTT 1.5 times that of control subjects; International Normalized Ratio
(INR) >2.0
) massive transfusion of RBC concentrates >30 ml/kg of packed red cells
) previous treatment with coumadin derivatives and unscheduled surgery

(to give FFP 5–8 ml/kg)
) correction of factor deficiencies when specific factors are unavailable

(to give FFP 10–15 ml/kg)
) heparin resistance (antithrombin III deficit)

Platelet Transfusion Criteria

Patients with severe hemorrhaging and:

) diffuse bleeding suggestive of platelet dysfunction
) platelet count <50000–100000/l
) massive transfusion of RBC concentrates
) normal platelet count and platelet dysfunction (antiplatelet agents, throm-

basthenia, uremia, etc.)

Cryoprecipitate and Factor Transfusion Criteria

) patients with active bleeding and fibrinogen <80 mg%
) bleeding patients with von Willebrand’s disease in absence of specific con-

centrates

Note: Each unit of cryoprecipitate contains 150–250 mg of fibrinogen. The start-
ing dose is 1 unit for 10 kg body weight to increase fibrinogen level by 50 mg%
(the hemostatic level is around 100 mg%). Cryoprecipitate does not contain Fac-
tor V. Therefore, it should not be the sole replacement therapy for disseminated
intravascular coagulopathy (DIC), which is almost always associated with a vari-
ety of factor deficiencies and thrombocytopenia. Intermediate purity Factor VIII
concentrates are preferred for von Willebrand’s disease and recombinant or
highly purified Factor VIII concentrate for hemophilia A because of its greater
efficacy and safety. The intermediate purity concentrate contains significant
therapeutic quantities of the von Willebrand’s component of Factor VIII,
whereas the high purity preparations contain principally the hemophilia A com-
ponent of Factor VIII.

Transfusion Criteria for rFVIIa

rFVIIa is approved in many countries for patients with hemophilia and inhibitors
(antibodies) to coagulation factors VIII or IX. High circulating concentrations of
FVIIa, achieved by exogenous administration, initiate hemostasis by combining
with tissue factor at the site of injury, producing thrombin, activating platelets
and coagulation factors II, IX and X, thus providing for the full thrombin burst
that is essential for hemostasis. This “bypass” therapy has led some clinicians to
use rFVIIa “off-label” for disorders of hemostasis other than hemophilia. The
Israeli Multidisciplinary rFVIIa Task Force published their guidelines for its use
in uncontrolled bleeding [47], which recommended that optimal conditions
(fibrinogen concentration >50 mg%, platelet count >50000/l, pH >7.2) should
be achieved before the administration of rFVIIa. There are no clear recom-
mended doses yet for rFVIIa. A wide range of between 50 and 200 μg/kg has been
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advocated. Because of its clearance (35 ml/kg/h), it is suggested to repeat the dose
every 2 h in case of persistent hemorrhage [82].

Massive transfusion can be defined as the acute replacement of more than one
blood volume within 6 h. In previously healthy adults, coagulation defects
develop primarily from dilution of protein coagulation factors and platelets
when crystalloid, colloid and RBCs are used to replace lost volume. Coagulopa-
thy associated with massive transfusion is clinically characterized by the pres-
ence of microvascular bleeding or oozing from the mucosae, wound and punc-
ture sites. The development of acidosis, DIC, hypothermia and, rarely, a hemo-

Massive transfusions may

result in acidosis, DIC,

hypothermia and hemolytic

transfusion reactions

lytic transfusion reaction may accompany massive transfusion and complicate
the ability to diagnose the coagulopathy. While thrombocytopenia may develop
in massively transfused patients, administration of platelets should be reserved
for the patient exhibiting microvascular bleeding and a platelet count of less than
50000/l. In the massively transfused patient, clinical bleeding associated with
coagulation factor deficiencies is unlikely until factor activity levels fall below
20% of normal. This usually does not occur until greater than one blood volume
has been replaced. FFP may be administered for correction of microvascular
bleeding in patients transfused with more than one blood volume. PT and PTT
along with platelet count and fibrinogen level should guide the use of component
therapy. Whole blood clotting analysis, as seen with thromboelastography, pro-
vides a dynamic picture of the entire clotting process. Some potential metabolic
problems resulting from blood transfusion are hyperkalemia, hypocalcemia, cit-
rate toxicity, hypomagnesemia, acidosis and impaired oxygen-carrying capacity
of hemoglobin. The electrocardiogram should be monitored in all patients for
signs of electrolyte abnormality during rapid infusions. Hyperkalemia exacer-
bates the cardiovascular effects of hypocalcemia. Administration of calcium rap-
idly antagonizes hyperkalemia by promoting transfer of potassium into the cells.

Intraoperative Spinal Cord Monitoring

Patients undergoing corrective surgery for deformity are at a higher risk of spinal
cord injury. Similarly, patients who have sustained an incomplete traumatic spi-
nal cord injury are at risk of further damage. Neurological deterioration can
occur because of ischemia of the neural structures secondary to mechanical com-
pression and/or vascular stretching. Monitoring must be performed by an expe- Spinal cord monitoring

requires clinical practice

for its effective use

rienced team and the surgeon must be interested in acting on the findings [18].
Teamwork and communication between the electrophysiology technician, anes-
thesiologist and surgeon are necessary to make spinal cord monitoring useful for
the patient. Important facts regarding anesthesia stability and depth, hemody-
namics, blood volume, blood flow autoregulation of the spinal cord and tempera-
ture must be considered. MAP below 60 mmHg or hypovolemia can result in sig-
nificant changes in SSEPs [55, 57]. During surgery, a MAP of 60–65 mmHg is
usually maintained to reduce blood loss. Drops in temperature can affect SSEP
waveforms [46]. If the limbs, brain or spinal cord become cooler during surgery,
SSEP latencies will increase without an actual injury to the neural pathway. The
anesthesia goals to facilitate neuromonitoring are highlighted in Table 4. An elec-

Table 4. Goals of anesthesia management to facilitate neuromonitoring

) tight and stable hypotensive blood pressure control ) normal end tidal CO2
) normothermia ) normovolemia
) stable depth of anesthesia compatible with neuromonitoring ) Hb level above 7 g %

Intraoperative Anesthesia Management Chapter 15 405



tric line interference of 60 Hz coming from the operating room table or other
electric equipment may severely affect the SSEP recordings [56].

In the presence of intraoperative spinal cord monitoring (IOM), neurological
deficits after spine surgery relate to [56]:

) type of procedure
) the surgeon’s experience of spine surgery
) the surgeon’s experience using SSEP
) the technician’s experience (experience with less than 100 cases doubled the

deficits compared with >300 cases)
) Low (or narrower) cut filtering (30 Hz to 1 kHz) is better than 1 Hz to

5 kHz).

Anesthetic Effects on SSEPs

Intravenous opiates

may increase the latency

of SSEPs

Halogenated anesthetics produce a dose-related reduction in amplitude and an
increase in the latency of responses to SSEPs [69]. Nitrous oxide adds more
intense changes in cortical SSEP recording than those of halogenated drugs and
in fact they are synergic with isoflurane when used together. Sevoflurane, desflu-
rane or mixtures of N2O opiates may be used during SSEP monitoring as long as
the concentration of the inhaled agents is kept low (below 0.7 MAC) and stable to
avoid artificial effects due to changes in depth of anesthesia. Subcortical record-
ings (from C2) are relatively resistant to the depressing effects seen when cortical
level recordings are made. Cortical evoked potential (CEP) changes related to
deepening anesthesia may be indistinguishable from spinal cord injury. For this
reason, subcortically generated SSEP recordings should be obtained to corrobo-
rate CEP changes, while peripheral nerve responses should be recorded to ensure
that the adequacy of stimulation has not changed to account for the CEP change.
Intravenous opiates used with inhaled agents in clinical anesthesia produce little
impact on the amplitude of EEG; however, they may increase the latency of SSEPs.

This small effect of the systemic opiates on latency recordings seems to be μ-
receptor dependent and occurs at a supraspinal level since spinal/epidurally
administered morphine or fentanyl minimally affects SSEPs [67]. Ketamine is an
NMDA antagonist, which has become more popular lately as part of a multi-
modal anesthetic approach. Ketamine is known to increase amplitude responses
in cortical SSEPs as well as spinal and muscle recordings after spinal activation
[39]. Nonetheless, ketamine could be a problem when a WUT is required. A simi-
lar observation about SSEPs has been made with etomidate [37]. Thiopental is a
barbiturate and poses no problems for monitoring neurological parameters dur-
ing spine surgery after the rapid redistribution of the single induction dose.
Short-acting benzodiazepines are combined with opiates or ketamine as part of
a balanced technique. Induction and maintenance of anesthesia with midazolam
induces negligible changes to cortical SSEP recordings [66]. Combinations of
midazolam-fentanyl and midazolam-ketamine along with N2O have been found
equally appropriate in spine surgery and SSEP recording [39]. Propofol is
dependable for both the induction and maintenance of anesthesia with a very
predictable pharmacodynamic response when used with target controlled infu-
sions (TCIs). Propofol slightly depresses the amplitude of SSEPs at the brain cor-
tex level with negligible action at clinical doses on spinal cord physiology. Propo-
fol is regarded as a very good alternative for anesthesia during functional moni-
toring in spine surgery [69]. Muscle relaxants do not affect SSEPs and in fact they
might enhance the SSEP signal by decreasing electric noise by eliminating mus-
cle artifacts. Epidural/intrathecal, but not i.v., local anesthetics increase SSEP
latency and are contraindicated because of their direct effect in spinal cord con-
duction [36].
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Red Flags in SSEP Recordings

SSEP recordings can be affected in two dimensions: amplitude and/or latency. A
50% decrease in amplitude and/or a 10% or 2-ms increase in latency in a hemo-
dynamically stable, normothermic patient are considered as indicators of spinal
cord insult [56]. In this case, counteractive measures encompass surgical and
anesthetic reactions (see Table 5). Changes in recordings that do not reverse to
normal after corrective measures and are still present at the end of the procedure
correlate with new postoperative nerve deficits [72].

Table 5. Course of action suggested for deteriorating neuromonitoring

Surgical interventions Anesthetic interventions

) reduction of correction ) increase in blood pressure
) removal of implant ) correction of anemia

) correction of hypovolemia
) normalization of temperature
) lighter anesthesia level
) IV steroids
) normalization of CO2

Anesthetic Effects on MEPs

MEPs are obtained by transcranial electrical (tcEMEP) or magnetic (tcMMEP)
stimulation of the motor cortex and recordings are made in muscles or periph-
eral nerves. Stimulation can also be made at a high epidural level next to the spi-
nal cord. In patients with spinal cord deficits, MEPs can be present when SSEPs
are absent and vice versa. Repetitive transcranial stimulation (trains of three to
five impulses as opposed to a single stimulus) can overcome some of the depres-
sant actions of anesthetics by temporal summation of the descending input on
the motoneurons. MEP changes during spine surgery correlate well with neuro-
logical outcome. MEPs are complementary to SSEPs in reducing spinal cord risk

MEP changes predict

neurological outcome

of damage in complex spinal surgery. tcMMEP seems to be more affected by
anesthetics than tcEMEP [69]. MEPs may allow adequate recordings of patients
who are otherwise “unmonitorable” by SSEPs. MEP signals should have an
amplitude of at least 50 μV before they are considered to be “monitorable.” Keta-
mine based anesthesia allows for appropriate MEP recording because of its mini-
mal depressing actions. Barbiturates must be avoided if early recording of
tcMMEPs is required because up to 45 min of deep depression has been reported
[21]. Midazolam and thiopental share the same depressing effect on tcMMEPs, so
these agents are not recommended when that kind of monitoring is to be used
[31]. Complete motor blockade will prevent muscle response and recording of
cranial or spinal cord induced MEPs. Partial neuromuscular blockade with con-
tinuous and stable infusions of muscle relaxants to keep a train-of-four of 3/4 has
been successfully reported [38]. Constant evaluation with nerve stimulators or
closed-loop systems might produce a level of relaxation compatible with optimal
recording of MEPs and very good surgical conditions. These evoked potentials
are large responses clear of signal averaging that can provide the surgeon with
good feedback. MEPs may be contaminated by sudden patient movement and
anesthetic agents.
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Red Flags in MEP Recordings

A rapid and permanent decrease in signal amplitude larger than 50%, or a 100 V
increase in the threshold of the MEP muscle response, is indicative of a neural
compromise [50, 84] with potential neurological consequences.

Nerve Root Monitoring

SSEPs and MEPs are less likely to alert the surgeon about single root potential
damage than techniques monitoring that particular root. Electrical stimulation
of screws placed in the pedicles can confirm correct placement or signal a breach
in the bone cortex by lowering the current needed to activate a sustained neuro-
tonic electromyogram (EMG) discharge from the muscles innervated by that root
[13]. Some consider there is a malpositioned screw when a recording of com-
pound muscle action potential is obtained of less than 10 mA and 200 μs pulse
width stimulation. No response with intensities above 15 mA was found to be
98% accurate for properly implanted screws [20]. The reported rate for false neg-
atives and sensitivity is 8% and 93%, respectively [44, 83]. This technique also
allows for continuous EMG recording, so that changes can be observed on
decompressing the roots, cage positioning and rod placement. No neuromuscu-
lar relaxant drug (NMB) effects have to be observed (at least three out of four
twitches in the train-of-four) over the period of surgical EMG monitoring.

Wake-up Test

A WUT consists of stopping the anesthetics after surgical spine manipulation to
assess the motor function of the spinal cord and nerve roots. Usually the spinal
cord, brachial plexus roots, and L5 and S1 can be evaluated by asking the patient
to move their hands and feet. The WUT is an outstanding procedure for ascer-
taining corticospinal and motoneuron integrity. In experienced hands a WUT is
quick, reliable, safe and reproducible. It requires 5–15 min notice from the sur-
geon to conduct it. Many spine surgeons feel comfortable omitting a WUT when
reliable data with SSEPs and MEPs are obtained and maintained. The WUT is
currently performed when there is no SSEP/MEP data available or in circum-
stances where these methods are not reliable. The limitations of the WUT are:

Spinal cord monitoring

has replaced WUTs

in many centers

) intermittent rather than continuous monitoring
) not applicable in mentally handicapped patients
) not feasible in small children
) preexisting severe spinal cord damage (incomplete lesion)

Venous embolism, corneal damage, loss of vascular access, violent wake-up, acci-
dental extubation or hardware dislodgement is unlikely when the test is con-
ducted in skilled hands. The WUT technique requires training and practice to
master and be used with confidence. A normal WUT with posterior column
damage or “false negative” (with documented intraoperative SSEP deficit) has
been reported by Ben-David [6]. This is not a true false negative because SSEPs
and the classic WUT are aimed at different anatomic structures: dorsal column
and anterior spinal cord blood supply. We have refined a WUT that allows us to
test both sensory/proprioceptive and motor components in a reliable and quiet
fashion.
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End of Anesthesia

Planning for postoperative pain control, elective postoperative ventilatory sup-
port and postoperative destination should be conducted before starting the sur-
gery. However, emergency cases and unexpected intraoperative events might
require fast intraoperative decision-making. Ideally patients should be quickly
regaining the ability to follow commands to assess their neurological status, be
comfortable with coughing to clear secretions and starting with physiotherapy.
The provision for pain management is discussed in the next section. Elective and
last minute decisions to keep the patient in the intensive care unit are shown in
Table 6. Patients with major comorbidities before surgery and/or unexpected
adverse intraoperative events account for most indications for the postoperative
ICU. Which patients should have postoperative ventilation? Most spine surgery
patients are extubated on the table at the end of the surgery. Consideration for
postoperative mechanical ventilation should be given to patients undergoing
neuromuscular scoliosis correction, with preoperative respiratory or cardiac

The need for postoperative

mechanical ventilation

must be considered prior

to surgery

dysfunction, having intraoperative hemodynamic and respiratory instability,
with unexpected decreases in body temperature, with difficult airway access, or
with slow recovery from anesthesia [60]. Although it is not our regular practice,
some groups suggest elective ventilation for a few hours after C-spine surgery to
make certain no airway compromise by hematoma is present after surgery and
before extubation.

Table 6. Perioperative considerations regarding overnight ICU requirement

Preoperative reasons Intraoperative reasons Postoperative reasons

) preoperative severe respiratory
impairment

) cervical spine surgery: laryngeal
nerve damage or hematoma

) respiratory failure

) mental disability ) hemodynamic instability
) hemodynamic instability

) congestive heart failure ) continued correction of hypovolemia
) special monitoring requirements

) chronic obstructive pulmonary disease ) surgical complications
) chronic renal failure ) coagulopathy
) muscular dystrophy ) anesthetic complications
) patient coming from ICU ) hypothermia

Postoperative Pain Management

Postoperative pain and gastrointestinal dysfunction (nausea, vomiting, ileus, con-
stipation and anorexia) secondary to analgesics and other drugs are among the
main factors delaying the recovery process in spinal surgery. The goals of postop-
erative pain control therapies are to enhance recovery and decrease complica-
tions rather than just to decrease pain measured scores. Challenges relate to pre-
operative pain and opioid tolerance, cognitive impairment, extremes of life and
difficulties assessing the symptoms and the results of the treatments applied. A
multimodal approach is recommended, involving acetaminophen, low-dose
NSAIDs, systemic opioids, wound infiltration with local anesthetics and coadju-
vants (i.e., low-dose ketamine, stool softeners and gabapentin). The requirements
of preoperative opioids do not disappear right after the surgery. It might take
weeks. Therefore, it is recommended to restart them as baseline analgesia as soon
as the patient can receive them orally or to replace them temporarily intravenously.

Multimodal Analgesia. Acetaminophen is extremely well tolerated and can be
used before beginning the surgery per rectum, per os or intravenously (as propa-
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racetamol) in doses of 15 mg/kg every 4–6 h. Metamizol (Dypirone) is an excel-
lent alternative to acetaminophen at the same dose regimen provided the patient

The postoperative

use of NSAIDs remains

a matter of debate

is not allergic to it and has no bone marrow disease. The postoperative use of
NSAIDs has been the subject of heated controversy in the literature because of
data coming from animal studies and retrospective human chart reviews. There
is not a single prospective randomized trial on spine surgery in humans demon-
strating a higher incidence of malunion or a slower consolidation secondary to
short use (3–5 days) of NSAIDs. On the contrary, the literature shows similar
surgical outcomes with better pain control in patients who received ketorolac at
less than 110 mg/day after spine procedures [22, 51, 61]. These analyses have
actually emphasized that preoperative smoking increases the risk of malunion by
8–15 times. NSAIDs only become an issue when they are used in high doses in
smokers. If the patient is going to have low molecular weight heparin postsurgery
(uncommon in spine procedures), it seems safer to use a COX-2 specific such as
celecoxib (rule out cardiovascular contraindications). Wound infiltration at the
beginning and the end of the operation greatly reduces the amount of anesthetics
and opioids required in the first few hours after surgery, allowing patients to be
scheduled to go home the same day (i.e., after disc surgery) and a smoother tran-
sition and discharge. Patient controlled analgesia (PCA), nurse or parent
assisted PCA or regular subcutaneous opioids are the most commonly used anal-
gesia technique after spine procedures. Side effects are often prominent includ-
ing gastrointestinal, excessive sedation, respiratory depression and poor inci-
dental pain relief.

The advantages of using epidural analgesia after scoliosis surgery (Fig. 5) have
been reported by Blumenthal [9] and Tobias [78]. Both methods (PCA and epidu-
ral) provided efficient postoperative analgesia. However, the double epidural
catheter technique provides better postoperative analgesia, earlier recovery of
bowel function, fewer side effects, and higher patient satisfaction.

Figure 5.
Cervicothoracic
epidural catheter

Epidural catheter at the
level of C7/T1 allows for
excellent pain control in
cases with posterior fusion
and/or a transthoracic
approach.
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Recapitulation

Communication. Anesthesiologists with special ex-
pertise in spine surgery play an important role in
the perioperative team in charge of patients. The
anesthesiologist will lay out a plan to manage anes-
thesia in each case, but this plan must be closely in-
tegrated into the surgical plan. Therefore, the anes-
thesiologist must be involved before surgery to
permit a team plan for the case, no matter how sim-
ple it may seem.

Goals in spinal surgery. Critical aspects of the intra-
operative anesthesia care are airway management,
positioning on the operative table, techniques to
minimize surgical bleeding, pain control and organ
perfusion. Techniques to control bleeding must be
balanced against ocular complications and cord
function and perfusion. Techniques to secure the
airway must be balanced against spinal cord injury.
Techniques to achieve proper pain control postsur-
gery must be balanced against effective bone fu-
sion and clean healing.

Induction of anesthesia. In this period, the critical
issues are airway control and hemodynamic stabili-
ty. Patients with an unstable cervical spine require
careful fiberoptic tube placement, avoiding drops
in blood pressure that might further jeopardize the
cord condition. Patients coming for transthoracic
surgical approaches might require lung deflation
by using a bronchial blocker or other device to facil-
itate surgical exposure. There is no evidence to sup-
port the use of armored endotracheal tubes. Antibi-
otic prophylaxis before starting the operation is
mandatory in most spine surgery cases to preclude
colonization of implants.

Maintenance of anesthesia. In the maintenance
period of major spine cases, controlled hypoten-
sion to MAP not below 60 –65 mm Hg along with
tranexamic acid is an efficacious means to control
bleeding and allow for a drier surgical field. Intrao-
perative neuromonitoring requires stable tempera-
ture, anesthesia depth with low doses of gases or
TIVA and good cord perfusion. Guidelines are pro-
vided for transfusions in the spine surgery scenario
as well as a clear and simple description of the
wake-up test for places without an SSEP machine.
In simple cases of day surgery procedures, the goals
are rapid recovery of anesthesia without nausea,
vomiting and pain. Local anesthesia infiltration
before the surgery and at the end facilitates an an-
esthetic approach with minimal opioids.

End of anesthesia. At the conclusion of the anes-
thesia and surgery, the issues are pain control and
again airway management. Multimodal analgesia
along with epidural catheters offers excellent re-
sults with low morbidity and high levels of patient
(and surgeon) satisfaction. NSAIDs in low doses (ke-
torolac < 90 mg/day or celecoxib < 200 mg/day)
and for less than 72 h postoperatively are a safe and
effective part of the cocktail as long as the patient is
a nonsmoker. The decision to keep the patient intu-
bated in the first few hours after C-spine or major
spine operations should rely on the clinical assess-
ment by the team regarding the physiologic and
anatomic conditions of the individual patient.

Key Articles

Lauer KK (2004) Visual loss after spine surgery. J Neurosurg Anesthesiol 16:77–79
Brief review of the topic with excellent and concise information to understand why this
complication occurs in spine surgery.

Sessler D (2001) Complications and treatment of mild hypothermia. Anesthesiology
95:531–43
The author analyzes the clinical implications of perioperative hypothermia. An impor-
tant paper that presents very practical information about the deleterious effects of mild
hypothermia on infectious, metabolic and hemostatic aspects usually unknown to many
clinicians.

Tobias JD (2004) Strategies for minimizing blood loss in orthopedic surgery. Semin
Hematol 41(1):145–56
Comprehensive review of the current techniques to preserve blood in spine surgery.
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Key Articles

www.asahq.org/publicationsAndServices/transfusion.pdf
This web site of the American Society of Anesthesiology presents very well documented
guidelines about blood product therapy in the perioperative period. It is frequently
updated with new information and is easy to read.

Duffy G, Neal KR (1996) Differences in postoperative infection rates between patients
receiving autologous and allogeneic blood transfusions: a meta-analysis of published
randomized and nonrandomized studies. Transfus Med 6(4):325–28
The authors reviewed seven trials comparing autologous vs. allogeneic transfusions; only
two were prospective randomized trials with around 80 patients on each arm. This meta-
analysis suggested at least a twofold increase in postoperative infections in patients hav-
ing allogeneic transfusions of 1–4 units.

Sethna NF, Zurakowski D, Brustowicz RM, Bacsik J, et al. (2005) Tranexamic acid
reduces intraoperative blood loss in pediatric patients undergoing scoliosis surgery.
Anesthesiology 102:727–32
A recent and well done protocol that demonstrates a greater than 40% reduction in bleed-
ing during spine surgery by using tranexamic acid. There was a clear trend to lower trans-
fusion rates in the tranexamic group; however, it did not reach statistical significance.

Tobias JD (2004) A review of intrathecal and epidural analgesia after spinal surgery in
children. Anesthes Analg 98(4):956–65
A close look into the pediatric field of post spine surgery analgesia by an expert in pediat-
ric orthopedic anesthesia. An interesting view of the use of regional anesthesia and spinal
opioids.
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10. Colomina MJ, Bagó J, Pellisé F, et al. (2004) Preoperative erythropoietin in spine surgery.
Eur Spine J 13(1):S40–S49

11. Cheng MA, Todorov A, Tempelhoff R, et al. (2001) The effect of prone positioning on intra-
ocular pressure in anesthetized patients. Anesthesiology 95:1351–5

12. De La Cruz JP, Carmona JA, Paez MV, et al. (1997) Propofol inhibits in vitro platelet aggrega-
tion in human whole blood. Anesth Analg 84:919–21

13. DiCindio S, Schwartz DM (2005) Anesthetic management for pediatric spinal fusion: Impli-
cations of advances in spinal cord monitoring. Anesthesiol Clin N Am 23:765–87

14. Dimick JB, Lipsett PA, Kostuik JP (2000) Spine update: Antimicrobial prophylaxis in spine
surgery. Basic principles and recent advances. Spine 25(19):2544–48

15. Dubos J, Mercier C (1993) Problemes anesthesiques et reanimation postoperatoire pour la
chirurgie des scoliosis. Agressologie 34(1):27–32

412 Section Peri- and Postoperative Management



16. Duffy G, Neal KR (1996) Differences in postoperative infection rates between patients
receiving autologous and allogeneic blood transfusions: a meta-analysis of published ran-
domized and nonrandomized studies. Transfusion Med 6(4):325–28

17. Fang A, Hu SS, Endres N, Bradford DS (2005) Risk factors for infection after spinal surgery.
Spine 30 (12):1460–65

18. Fisher RS, Raudzens P, Nunemacher M (1988) Efficacy of intraoperative neurophysiological
monitoring. J Clin Neurophysiol 12:97–109

19. Gall O, Aubineau JV, et al. (2001) Analgesic effects of low-dose intrathecal morphine after
spinal fusion in children. Anesthesiology 94:447–52

20. Glassman SD, Dimar JR, Puno RM, et al. (1995) A prospective analysis of intraoperative
electromyographic monitoring of pedicle screw placement with computed tomographic
scan confirmation. Spine 20(12):1375–9

21. Glassman SD, Johnson JR, Shield CB, et al. (1993) Correlation of motor-evoked potentials,
somatosensory-evoked potentials, and the wake-up test in a case of kyphoscoliosis. Spine
18:1083–9

22. Glassman SD, Rose SM, John R et al. (1998) The effect of postoperative NSAIDs administra-
tion on spinal fusion. Spine 23(7):834–38

23. Goodarzi M, Shier NH, Grogan DP (1996) Effect of intrathecal opioids on somatosensory-
evoked potentials during spinal fusion in children. Spine 21(13):1565–68

24. Guest JD, Vanni S, Silbert MSN (2004) Mild hypothermia, blood loss and complications in
elective spine surgery. Spine J 4:130–37

25. Hansen E, Altmeppen J, Taeger K (1998) Practicability and safety of intra-operative auto-
transfusion with irradiated blood. Anaesthesia 53 Suppl 2:42–3

26. Henry DA (2001) Cochrane database of systematic reviews. (1):CD001886
27. Hickey R, et al. (1995) Functional organization and physiology of the spinal cord. In: Porter

SS (ed) Anesthesia for spine surgery. McGraw-Hill, New York, pp 24–26
28. Holte K, Sharrock NE, Kehlet H (2002) Pathophysiology and clinical implications of periop-

erative fluid excess. Br J Anaesth 89(4):622–32
29. Iglesias I, Murkin JM, et al. (2003) Monitoring cerebral oxygen saturation significantly

decreases postoperative length of stay: A prospective randomized blinded study. Heart Sur-
gery Forum 6(4):204–5

30. John DA, Tobey RE, Homer LD, Rice CL (1976) Onset of succinylcholine-induced hyperkale-
mia following denervation. Anesthesiology 45:294–9

31. Kalkman CJ, Drummond JC, Ribberink AA, et al. (1992) Effects of propofol, etomidate,
midazolam, and fentanyl on motor evoked responses to transcranial electrical or magnetic
stimulation in humans. Anesthesiology 76(4):502–9

32. Kannan S, Meert KL, Mooney JF, Hillman-Wiseman C, Warrier I (2002) Bleeding and coagu-
lation changes during spinal fusion surgery: A comparison of neuromuscular and idio-
pathic scoliosis patients. Pediatr Crit Care Med 3 (4):364–69

33. Khazim R, Boos N, Webb JK (1998) Progressive thrombotic occlusion of the left common
iliac artery after anterior lumbar interbody fusion. Eur Spine J 7:239–41

34. King KP, Stolp BW, Borel CO (1999) Damage to an armored endotracheal tube introduced
via the intubating laryngeal mask airway induced by biting. Anesth Analg 89:1324–5

35. Kjonniksen I, Andersen BM, et al. (2002) Preoperative hair removal. A systematic literature
review. AORN J 75(5):928–40

36. Klasen J, Thiel A, Detsch O, et al. (1995) The effect of epidural and intravenous lidocaine on
somatosensory evoked potentials after stimulation of the posterior tibialis nerve. Anesth
Analg 81(2):332–37

37. Kochs E, Treede RD, Schulte am Esch JE (1986) Increase in somatosensory evoked potentials
during anesthesia induction with etomidate. Anaesthetist 35(6):359–64

38. Lang EW, Beutler AS, Chesnut RM, et al. (1996) Myogenic motor-evoked potential moni-
toring using partial neuromuscular blockade in surgery of the spine. Spine 21(14):
1676–86

39. Langeron O, Lille F, Zerhouni O, et al. (1997) Comparison of the effect of ketamine-midazo-
lam with those of fentanyl-midazolam on cortical somatosensory evoked potentials during
major spine surgery. Br J Anaesth 78(6):701–6

40. Larson E (1988) Guideline for use of topical antimicrobial agents. Am J Infect Control
16:253–66

41. Lauer KK (2004) Visual loss after spine surgery. J Neurosurg Anesthesiol 16:77–79
42. Leal-Noval SR, Rincón-Ferrari MD, Garcı́a-Curiel A, et al. (2001) Transfusion of blood com-

ponents and postoperative infection in patients undergoing cardiac surgery. Chest 119:
1461–1468

43. Lee L, et al. (2000) Postoperative visual loss. ASA Annual Meeting 2000: A2092
44. Maguire J, Wallace S, Madiga R, et al. (1995) Evaluation of intrapedicular screw position

using intraoperative evoked electromyography. Spine 20:1068–74
45. Mangano DT, Tudor JC, Dietzel C, et al. (2006) The risk associated with aprotinin in cardiac

surgery. N Engl J Med 354(4):353–65

Intraoperative Anesthesia Management Chapter 15 413



46. Markand ON, Warren C, Mallik GS, et al. (1990) Effects of hypothermia on short latency
somatosensory evoked potentials in humans. Electroencephalogr Clin Neurophysiol 77(6):
416–24

47. Martinowitz U, Michaelson M (2005) Guidelines for the use of recombinant activated factor
VII (rFVIIa) in uncontrolled bleeding: a report by the Israeli Multidisciplinary rFVIIa Task
Force. J Thromb Haemost 3(4):640–8

48. McLeod AD, Calder I (2000) Spinal cord injury and direct laryngoscopy – the legend lives
on. Br J Anaesth 84:705–9

49. Mendez D, De la Cruz JP, Arrebola MM, Guerrero A, Gonzalez-Correa JA, Garcia-Temboury
E, Sanchez de la Cuesta F (2003) The effect of propofol on the interaction of platelets with
leukocytes and erythrocytes in surgical patients. Anesth Analg 96(3):713–9

50. Morota N, Deletis V, Constantini S, et al. (1997) The role of motor evoked potentials during
surgery for intramedullary spinal cord tumors. Neurosurgery 41:1327

51. Munro HM, Walton S, Malviya S, et al. (2002) Low-dose ketorolac improves analgesia and
reduces morphine requirements following posterior spinal fusion in adolescents. Can J
Anaesth 49(5):461–66
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16
Postoperative Care and Pain
Management

Stephan Blumenthal, Alain Borgeat

Core Messages

✔ The necessity for careful postoperative assessment
of the different organ systems is self-evident

✔ Perioperative tachycardias are often combined
with ischemic episodes, and their treatment is
mandatory because of the high mortality of
perioperative myocardiac infarction

✔ Intensive insulin therapy can reduce morbidity
and mortality

✔ Following cervical spine surgery, perform air-
way assessment before extubation. Suction
drainage and close surveillance minimize the
risk of unrecognized bleeding

✔ Aggressive postoperative pulmonary care mini-
mizes the risk of respiratory complications

✔ Close neurological surveillance is mandatory to
detect deterioration

✔ Postoperative paralytic bowel dysfunction can
be ameliorated by thoracic epidural analgesia

✔ Spinal surgery is painful and a multimodal
approach for peri- and postoperative analgesia
is mandatory

✔ Opioid-related side-effects are independent of
the route of administration

✔ Administration of regional anesthesia (e.g., epi-
dural techniques) following complex spinal sur-
gery may be of great help

Postoperative Care

Major spinal surgery is

prone to complications but

can be minimized with

proper postoperative care

Despite advances in anesthesia care and surgical techniques, major surgery is
still prone to undesirable consequences [6] such as:

) infection
) thromboembolic complications
) cardiorespiratory morbidity
) cerebral dysfunction
) postoperative nausea and vomiting
) gastrointestinal paralysis
) pain
) fatigue
) prolonged convalescence

The key pathogenetic factor in postoperative morbidity is the surgical stress
response with subsequent increased demands on organ function [6]. One of the
key issues for the anesthesiologist is to decrease this surgical stress response as
far as possible to limit its adverse effects.

Patients undergoing spinal surgery frequently have significant comorbidities
which can have a significant impact on the postoperative recovery. Surgery can
further compromise the organ system as a result of:

) significant blood loss requiring mass transfusions
) coagulopathy
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) prolonged anesthesia with the problem of hypothermia
) residual impaired pulmonary function
) difficulties in acute postoperative pain management

Perioperative tachycardia

often is combined with

ischemic episodes

Even a single perioperative ischemic episode increases the risk of cardiac mor-
tality within the ensuing 2 years. Most of these ischemic events are clinically
silent and can only be detected with continuous ECG control. They are usually
combined with perioperative tachycardia, which can be either a cause of or a
reaction to ischemia. Treatment of a perioperative tachycardia is mandatory
since it corrects the imbalance between oxygen supply and oxygen consumption
and therefore has a cardioprotective effect.

Perioperative myocardiac

infarction has a high

mortality

Perioperative myocardiac infarction most often occurs during the first post-
operative day and has a mortality rate which remains high, although it decreases
with duration after surgery [25].

Intensive insulin therapy

can reduce morbidity

and mortality

Hyperglycemia and insulin resistance are common in postoperative and criti-
cally ill patients, even if the patients have not previously had diabetes mellitus.
Intensive insulin therapy to maintain blood glucose at or below 6.1 mmol/l can
reduce morbidity and mortality, compared to a more conventional treatment
with insulin infusion only when blood glucose exceeds 11.9 mmol/l [28]. Since
diabetes mellitus is recognized as a risk factor of infection after spinal surgery [9,
14], appropriate insulin therapy may help to reduce the incidence of postopera-
tive wound infection as has been shown in the context of other operations [11].

Postoperative Ventilation or Extubation

Most spinal surgery patients, including those who have undergone posterior
fusion, can be extubated shortly after the procedure if preoperative pulmonary
function was acceptable. Extubation is also advantageous since the neurological
assessment is facilitated. However, residual narcotics or muscle relaxants can
lead to hypoventilation or apnea, especially in patients with an associated neuro-
muscular disease. The need for postoperative ventilation [23, 29] is determined
by patient and surgery related factors (Table 1). Frequently, it is necessary only to
provide artificial ventilation for a few hours in the postoperative care unit, until
hypothermia and metabolic derangements have been corrected.

Table 1. Influences on the need for postoperative ventilation

Patient-related factors Surgery-related factors

) presence of a preexisting neuromuscular disorder ) prolonged procedure (> 5 h)
) severe restrictive pulmonary dysfunction with a preopera-

tive < 35 % predicted vital capacity
) congenital cardiac abnormality
) right ventricular failure
) obesity

) exposing > 3 vertebral bodies
) thoracic approach
) blood loss > 30 ml/kg
) transfusion of large volumes of blood and fluid
) hypothermia

Cervical Spine Surgery

Perform airway assessment

before extubation

At the conclusion of anterior cervical spine surgery, before extubation, it is advis-
able to perform a thorough airway assessment, in order to avoid a “can’t intubate,
can’t ventilate” situation. This can be done by direct laryngoscopy, fiberoptic
evaluation or by performing a cuff test.Suction drainage and close

surveillance minimize the

risk of unrecognized bleed-

ing after anterior cervical

spine surgery

Postoperative bleeding after anterior cervical spine surgery can become a life-
threatening situation when reintubation is impossible due to the hematoma pres-
sure. In such cases, on-site emergency opening of the wound and reintubation or
tracheotomy is the only means to save the patient. We therefore recommend rou-
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tine suction drainage after anterior cervical spine surgery to minimize the risk of
this delirious complication and we keep these patients in the recovery room over-
night for surveillance.

Thoracic Spine Surgery

Anterior thoracic and thoracolumbar approaches usually require chest tube
placement. These drains should be checked regularly to ensure patency. Obstruc-
tion may lead to a pneumo- or hemothorax. This should always be considered as
a potential cause of postoperative respiratory distress.

Aggressive postoperative

pulmonary care minimizes

the risk of atelectasis

and pneumonia

Aggressive pulmonary care, including spirometry, physiotherapy and early
mobilization, is necessary to avoid postoperative atelectasis and pneumonia.

If prolonged periods of mechanical ventilation are necessary because of respi-
ratory insufficiency, the endotracheal tube should be replaced by a cuffed trache-
ostomy tube. This should be performed sooner rather than later if prolonged
ventilation is anticipated.

Hemodynamic Assessment

Continued hemorrhage remains a concern during the postoperative period and
careful monitoring is essential with regard to:

) blood pressure
) urine output
) central venous pressure
) wound drainage

Gravity suction drainage

and correction of hemo-

stasis reduce excessive

postoperative bleeding

If postoperative bleeding is considerable, removal of the vacuum can solve the
problem in the vast majority of cases. If coagulation abnormalities are suspected
from clinical findings, the hemostasis parameter should be checked.

Neurological Assessment

Neurological surveillance

is mandatory to detect

neurological deterioration

Surgeons prefer patients to be conscious and able to respond to commands
immediately after anesthesia for early neurological assessment [20]. Therefore,
postoperatively patients should be adequately analgo-sedated to allow neurolog-
ical evaluation, and motor control of the extremities should be possible at any
time. Neurological control should be performed regularly at short intervals to
detect neurological deterioration.

Magnetic resonance

imaging should be per-

formed to determine

the cause of a de novo

neurological deficit

When such a finding is noted, an immediate investigation should be done to
determine the cause and reversibility of the process. When available, magnetic
resonance imaging should be performed to detect extrinsic spinal cord compres-
sion by bone, intramedullary swelling or hematoma.

After correction of severe spinal deformities, postoperative (late onset) neuro-
logical deterioration can arise because of interference with the circulation to the
spine leading to anterior spinal artery syndrome [26].

After anterior cervical fusion, recurrent laryngeal nerve injury has been
reported [15]. Dissection involving levels T1–2 can result in a postoperative Hor-
ner syndrome caused by injury to the stellate ganglion [8]. A case of bilateral
phrenic nerve palsy as a complication of anterior decompression and fusion has
been described [10]. After iliac crest bone grafting, one has to be aware of possi-
ble neurological deficits involving the lateral femoral cutaneous, ilioinguinal and
superior cluneal nerves [19].
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Gastrointestinal Function

Postoperative paralytic

bowel dysfunction can

be ameliorated by thoracic

epidural analgesia

Intraoperative irritation of sympathetic splanchnic nerves causes postoperative
paralytic bowel dysfunction, which can be made worse by activation of the sym-
pathetic system due to pain and the large amounts of opioids necessary for suffi-
cient analgesia. After major spinal surgery, a more rapid recovery of bowel func-
tion has been documented if postoperative analgesia is performed through a tho-
racic epidural catheter [2, 3].

Thromboembolic Prophylaxis

Low-molecular-weight

heparins prevent deep vein

thrombosis and thrombo-

embolic complications

Although deep vein thrombosis and thromboembolic complications occur after
spinal surgery at a lower rate compared to other orthopedic procedures, they can
contribute disproportionately to morbidity and mortality [7]. Patients undergo-
ing spinal surgery may be at increased risk of thromboembolic disease as a result
of prolonged surgery, prone positioning, malignancy, and extended periods of
postoperative recumbency. Appropriate preventive measures include the use of
compressive stockings, early mobilization and prophylactic administration of
low-molecular-weight heparins [22].

Postoperative Pain Management

Consequences of Pain

Postoperative pain after

spinal surgery can be severe

Pain management can be a major challenge after spinal surgery (see Chap-
ter 5 ). The alleviation of postoperative pain is primarily provided for hu-
manitarian reasons, but also to reduce nociception-induced responses, which
may adversely influence organ functioning and contribute to morbidity [16].
A common feature shared by all surgical patients is the widespread changes in
several biological cascade systems, including a predominance of catabolic
hormones, activation of cytokines, complement arachidonic acid metabolites,
nitric oxide, and free oxygen radicals, all of which may secondarily lead to
organ dysfunction and morbidity. Pain may obviously be considered as
another neurophysiological response to surgery but with its own secondary
effects on biological functions. Pain amplifies the metabolic response, auto-
nomic reflexes, ileus, and nausea and delays mobilization and feeding. Effec-
tive treatment of postoperative pain, therefore, results in modification of the
biological response to surgery, but the extent of modification is dependent on
the choice of analgesic technique [18].

Patients undergoing spinal surgery, particularly through a thoracic ap-
proach, may have a large incision extending over several dermatomes. Many
patients have preexisting chronic pain conditions, may be cognitively im-
paired (some have neuromuscular disorders), or may be very young. A multi-
modal approach to analgesia (see Chapter 5 ) is recommended [17], using an
appropriate combination of (Table 2):

Table 2. Multimodal analgesia

) acetaminophen (paracetamol)
) non-selective cyclooxygenase inhibitors
) COX-2 inhibitors
) opioids

) local anesthetics
) [ 2-agonists
) ketamine
) regional anesthesia techniques

A multimodal approach to

analgesia facilitates ambula-

tion and respiratory care

Adequate analgesia facilitates early ambulation and aggressive respiratory care,
which are important to decrease patient morbidity postoperatively.
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Non-narcotics

Acetaminophen and NSAIDs

exhibit an opioid-sparing

effect

Non-opioid analgesics (acetaminophen) and non-steroidal anti-inflammatory
drugs (NSAIDs) play a central role in the management of postoperative pain,
since they have shown an opioid-sparing effect, but there is little evidence for an
additive analgesic effect of two non-opioid analgesics.

Acetaminophen should not

be given in patients with

impaired liver function

Acetaminophen can be part of a multimodal pain therapy without great risk,
with the exception of patients with impaired liver function. It has an additional
antipyretic potency.

Non-steroidal Drugs

Both non-selective cyclooxygenase inhibitors (NSAIDs) and the selective cycloo-
xygenase-2 (COX-2) inhibitors have been used successfully for pain therapy in
different orthopedic surgical contexts, including spinal surgery [21].

The use of non-selective NSAIDs may increase bleeding time by 30±35%,
cause gastritis and be associated with acute renal failure, particularly in the pres-
ence of hypovolemia and hypotension. COX-2 inhibitors have an analgesic effi-
cacy comparable to non-selective NSAIDs, but are associated with an absence of
antiplatelet activity and reduced gastrointestinal side effects. However, because
both COX-1 and COX-2 are present in the kidney, COX-2 inhibitors require the
same caution with their use regarding renal toxicity as non-selective NSAIDs,
and special caution is warranted not to further decrease an already impaired
renal function, especially in diabetic patients under concomitant ACE-inhibitor
therapy for blood pressure control.

The influence of these drugs on bone healing and bone-tendon healing is con-
troversial [12]. The results of experimental and animal studies with long-term
administration probably cannot be transferred to the perioperative setting when
these drugs are prescribed for a limited duration of some days.

Non-selective NSAIDs and

selective COX-2 inhibitors

should be used for a short

postoperative period

The concerns regarding increased cardiac risk following the long-term
administration of COX-2 inhibitors have to date only been demonstrated for
rofecoxib, which therefore has been withdrawn from the market. In our hands,
the use of NSAIDs and COX-2 inhibitors for up to 10 days after surgery has
become a standard of (our) care and does not seem to have noticeable side
effects.

Opioids

Subcutaneous or intramus-

cular opioid administration

exhibit a poorly predictable

time course for the

maximum analgesic effect

Opioids can be administered by different routes. The use of parenteral opioids
has been the mainstay of analgesia for all patients undergoing spinal surgery.
Subcutaneous or intramuscular administration has the major drawback of
uncontrolled absorption and distribution, unpredictable time to maximal
effect and unpredictable duration of action. Because of the aspects mentioned,
intravenous administration [continuous infusion and patient-controlled anal-
gesia (PCA) devices with or without background infusions] should be pre-
ferred.

Opioids can also be given epidurally or intrathecally. The thecal sac is readily
accessible during spinal surgical procedures and intrathecal medication can be
injected with technical ease before wound closure. Early reports of the use of
intrathecal opioids for analgesia in children after spinal surgery and other major
surgeries have suggested that the use of morphine 20–30 mg/kg is associated
with excellent analgesia for up to 24 h. More recent studies suggest the optimum
dose of morphine to be 2±5 mg/kg, which provides a comparable analgesia for
24 h but with fewer side effects [5, 13].
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Independently of the way they are administered, the use of opioids is associated
with side effects such as:

) respiratory depression
) nausea and vomiting
) pruritus
) urinary retention
) sedation
) ileus

Opioid-related side-effects

are independent of the

route they are administered

The latter gastrointestinal side-effect may be especially disadvantageous after
major spinal surgery, when some degree of paralytic ileus is common.

There is the possibility of reducing postoperative parenteral opioid consump-
tion by the administration of an oral slow release opioid formula, which is intro-
duced preoperatively [4]. Patients with cancer or other patients who have
received long-term opioids preoperatively by different routes (e.g., enteral, trans-
dermal) must be assumed to have acquired a degree of opioid tolerance and these
drugs should also be restarted as early as possible postoperatively.

Local Anesthetics

Administration of local

anesthetics through

epidural catheters allows

for excellent pain control

The use of local anesthetic agents alone or in combination with opioids by the
epidural route after spinal surgery has been described [27]. For scoliosis correc-
tion surgery with a dorsal or ventrodorsal approach, the use of continuous epidu-
ral analgesia with plain local anesthetic solution through one or two epidural
catheters placed intraoperatively by the surgeon has been shown to provide effi-
cient postoperative pain control with early recovery of bowel function, few side-
effects and a high patient satisfaction [2, 3].

Epidural analgesia with local anesthetic agents can make neurological assess-
ment difficult. Since the early postoperative period is critical for the appearance
of a postoperative neurological deficit, there is the possibility of performing anal-
gesia with a potent opioid (e.g., remifentanil) up to the first postoperative morn-
ing. After a thorough assessment of the neurological status, epidural analgesia
can be introduced. The administration rate of the local anesthetic can be guided
according to the level of motor and sensory blockade [2, 3].

Continuous administration

of local anesthetics

to the iliac crest after

bone grafting relieves

donor site pain

The continuous administration of local anesthetics to the iliac crest after bone
grafting through a catheter placed by the surgeon at the end of the procedure is
another new indication for these drugs [1].

N-Methyl-D-aspartate Antagonists

Low-dose ketamine

is helpful for acute

postoperative pain

The role of the N-methyl-D-aspartate (NMDA) receptor in the processing of noci-
ceptive input has led naturally to renewed clinical interest in NMDA receptor
antagonists such as ketamine. It is a well-known general anesthetic and short-
acting analgesic which has been in use for almost three decades. The efficacy of
low-dose ketamine in the management of acute postoperative pain when admin-
istered alone or in conjunction with other agents via the oral, intramuscular, sub-
cutaneous, intravenous or epidural routes has been described and evidence sug-
gests that low-dose ketamine may play an important role in postoperative pain
management when used as an adjunct to local anesthetics, opioids or other anal-
gesic agents [24]. Low-dose ketamine is defined as a bolus dose of less than 2 mg/
kg body weight when given intramuscularly or less than 1 mg/kg body weight
when administered via the intravenous or epidural route. For continuous i.v.
administration, low-dose ketamine is defined as a rate of at most 20 μg/kg body
weight per minute.
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Ketamine may provide clinicians with a tool to improve postoperative pain man-
agement and to reduce postoperative opioid consumption and consecutively opi-
oid-related adverse effects. The S-enantiomer of this drug, which is not available
in all countries, has about a two times increased potency with a preferable side-
effect profile.

Recapitulation

Postoperative care. Patients for spinal surgery often
have significant comorbidities, and surgery imposes
further stresses of blood loss, mass transfusion, coa-
gulopathy, hypothermia, impaired pulmonary func-
tion and acute postoperative pain. Perioperative
tachycardia has to be treated since it is often com-
bined with ischemia, which increases the risk of pe-

rioperative myocardiac infarction. Intensive post-
operative insulin therapy can reduce mortality. The
need for postoperative ventilation is suggested by
patient and surgical factors, but most spinal surgery
patients can be extubated shortly after the proce-
dure or need artificial ventilation only for a few
hours. Aggressive postoperative pulmonary care

helps to avoid atelectasis and pneumonia. Monitor-

ing of blood pressure, urine output, central venous
pressure, chest tubes and wound drainage is essen-
tial. Neurological assessment to detect neurologi-
cal deterioration is important, and immediate inves-
tigation (and when available magnetic resonance
imaging) should follow any suspicious finding. In-
traoperative irritation of sympathetic splanchnic
nerves, activation of the sympathetic system due to
pain and large amounts of opioids cause postopera-
tive paralytic bowel dysfunction. Preventive mea-
sures for thromboembolic disease include the ad-
ministration of low-molecular-weight heparins.

Postoperative pain management. A multimodal

approach to analgesia is recommended since ade-

quate analgesia allows early ambulation and ag-
gressive respiratory care. Non-opioid analgesics
have shown an opioid-sparing effect. Acetamino-

phen can be given without great risk. Non-selective

NSAIDs cannot be recommended for intraoperative
and early postoperative analgesia. COX-2 inhibitors

have analgesic efficacy comparable to non-selective
NSAIDs, but are associated with an absence of anti-
platelet activity and reduced gastrointestinal side
effects, while requiring the same cautions regarding
renal toxicity as non-selective NSAIDs. Opioids are
potent analgesics and can be administered by dif-
ferent routes. Intravenous administration (continu-
ous infusion or patient-controlled) is preferred. In-
dependently of the way they are administered, their
use is associated with side effects such as respirato-
ry depression, nausea and vomiting, pruritus, uri-
nary retention, sedation, and gastrointestinal ileus.
Continuous local anesthetic agents through the
epidural route after spinal surgery have been shown
to provide efficient postoperative pain control with
early recovery of bowel function, few side effects
and high patient satisfaction. Continuous local an-
esthetic administration to the iliac crest after bone
grafting is another new indication for these drugs.
The efficacy and opioid-sparing effect of low-dose
ketamine in the management of acute postopera-
tive pain has been described. The S-enantiomer of
this drug has an increased potency with a preferable
side-effect profile.

Key Articles

van den Berghe G, Wouters P, Weekers F, Verwaest C, Bruyninckx F, Schetz M, Vlassela-
ers D, Ferdinande P, Lauwers P, Bouillon R (2001) Intensive insulin therapy in the criti-
cally ill patients. N Engl J Med 345:1359–67
It was proven for the first time in this prospective study of 1548 adults admitted to the
surgical intensive care unit that intensive intravenous insulin therapy to maintain blood
glucose at between 4.4 and 6.1 mmol/l can reduce mortality during intensive care and
during hospital stay, decrease the incidence of infectious complications and shorten
mechanical ventilation.

Kehlet H (1997) Multimodal approach to control postoperative pathophysiology and
rehabilitation. Br J Anaesth 78:606–17
The author demonstrates why no single technique or drug has been shown to eliminate
postoperative morbidity and mortality, and why multimodal interventions may lead to a
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major reduction in the undesirable sequelae of surgical injury with improved recovery
and reduction in postoperative morbidity and overall costs.

Blumenthal S, Min K, Nadig M, Borgeat A (2005) Double epidural catheter with ropiva-
caine versus intravenous morphine: a comparison for postoperative analgesia after sco-
liosis correction surgery. Anesthesiology 102:175–180
In this prospective study, following scoliosis correction surgery, continuous epidural
local anesthetics administered through two epidural catheters have been shown not only
to provide better postoperative analgesia compared to intravenous morphine, but also to
reduce side effects, improve bowel function and increase patient satisfaction.
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17
Degenerative Disorders of the
Cervical Spine

Massimo Leonardi, Norbert Boos

Core Messages

✔ Age-related changes of the cervical spine can
lead to cervical spondylosis, disc herniation and
spondylotic radiculopathy/myelopathy

✔ Neck pain often lacks a clear morphological
correlate (i.e. is non-specific)

✔ Cervical spondylosis more frequently causes
radiculopathy than disc herniation and pre-
dominantly affects C5/6 and C6/7

✔ Mechanical compression and inflammatory
changes cause the clinical syndrome of radicu-
lopathy

✔ Cervical spondylotic myelopathy is caused by
static (spinal canal stenosis), dynamic (instabil-
ity), vascular and cellular (cell injuries, apopto-
sis) factors

✔ The cardinal symptom of cervical radiculopathy
is radicular pain with or without a sensorimotor
deficit

✔ Early symptoms of cervical myelopathy are
“numb, clumsy, painful hands” and disturbance
of fine motor skills. Late symptoms comprise
atrophy of the interosseous muscles, gait dis-
turbance, ataxia and symptoms of progressive
tetraparesis

✔ The diagnostic accuracy of functional radio-
graphs to reliably identify segmental instability
is low. Instability remains a clinical diagnosis

✔ MRI is the imaging modality of choice for quan-
tifying the extent of degenerative alterations
and spinal cord compression

✔ CT myelography favorably demonstrates spurs,
ossifications and foraminal stenosis in relation
to the neural structures

✔ Neurophysiological studies are helpful in diag-
nosing subclinical myelopathy and differentiat-
ing radiculopathy from peripheral neuropathy

✔ The natural history of radiculopathy is benign
while the spontaneous course of myelopathy is
characterized either by long periods of stable
disability followed by episodes of deterioration
or a linear progressive course

✔ Scientific evidence for treatment guidelines of
degenerative cervical disorders is poor

✔ Neck pain is treated non-operatively in the vast
majority of patients. Indications for surgery are
rare

✔ Cervical radiculopathy frequently responds
favorably to conservative care. Surgery is indi-
cated in patients with persistent symptoms or
progressive neurological deficits

✔ The gold standard of treatment of radiculopa-
thy is anterior discectomy and fusion, resulting
in a favorable outcome in 80 – 90 % of patients

✔ Alternative methods (i.e. additional anterior
plate fixation, cage fusions, total disc arthropla-
sty, or minimally invasive decompressions with-
out fusion) have not been shown to result in a
superior outcome

✔ Mild cervical myelopathy without progression
can be treated conservatively. Surgery is indi-
cated in moderate to severe myelopathy. Com-
plete recovery of advanced myelopathy is rare
and early surgery is therefore indicated

✔ The principal aim of surgery for cervical spon-
dylotic myelopathy is the decompression of the
spinal cord. The surgical techniques include
multilevel discectomies or corpectomies with
or without instrumented fusion, laminectomy
with or without instrumented fusion or lamino-
plasty.

✔ The choice of technique is dependent on the
target pathology and patient characteristics
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Case Introduction

A 28-year-old female suffered from neck and arm pain for
3 weeks without neurological deficits. She was referred for
physical therapy and manipulation. At the fourth session,
the patient felt an excruciating sharp pain in her neck subse-
quent to a manipulation. She was unable to stand and
developed a rapidly progressive tetraparesis sub C6. The
patient was referred for emergency diagnosis and treat-
ment. A lateral radiograph (a) did not show any evidence for
a fracture/dislocation. MRI revealed a massive disc hernia-
tion (arrow) with severe spinal cord compression (arrow-
heads) at the level of C6/7 (b, c). Immediate spinal cord
decompression was prompted by anterior cervical discec-
tomy, sequestrectomy and fusion (Robinson-Smith tech-
nique) (d). The patient improved rapidly after the surgery. At
1-year follow, the patient had full neurological recovery and
was symptom-free.

Epidemiology

Degenerative alterations of the cervical spine are usually referred to as cervical
spondylosis. This entity represents a mixed group of pathologies involving the
intervertebral discs, vertebrae, and/or associated joints and can be due to aging
(“wear and tear”, degeneration) or secondary to trauma. The predominant clini-
cal symptom is neck pain, which is often associated with shoulder pain. The
degenerative alterations can lead to a central or foraminal stenosis compromising
nerve roots or spinal cord (Fig. 1). These pathologies are termed cervical spondy-
lotic radiculopathy (CSR) and cervical spondylotic myelopathy (CSM), respec-
tively. CSR should be differentiated from disc herniation related radiculopathy.

The annual incidence of

neck pain is about 15 %

In a Dutch national survey, there was an incidence of 23.1 per 1000 person-
years for neck pain and 19.0 per 1000 person-years for shoulder symptoms [38].
Dutch general practitioners were consulted approximately seven times each week
for a complaint relating to the neck or upper extremity; of these, three were new
complaints or new episodes [38]. The annual incidence of neck pain was 14.6% in
a cohort of 1100 randomly selected Saskatchewan adults, 0.6% of whom devel-
oped disabling neck pain [66]. Women were more likely to develop neck pain
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Figure 1. Cervical spondylosis

a, b Age-related changes can lead to disc herniations, cervical spondylosis, osteophyte formations, facet joint osteoar-
thritis, and compromise of the exiting nerve roots and the spinal cord.

than men [66]. In a Swedish survey on 4415 subjects, a prevalence rate of 17% for
neck pain was found. Fifty-one percent of the neck pain subjects also had chronic
low back pain [108]. A history of a neck injury was reported by 25% of patients
with neck pain [108]. In a prospective longitudinal investigation in France, the
prevalence and incidence rates of neck and shoulder pain were assessed in an

Neck pain is often

associated with shoulder

pain and LBP

occupational setting [48]. The authors found that the prevalence (men 7.8%,
women 14.8% in 1990) and incidence (men 7.3%, women 12.5% for the period
1990–1995) of chronic neck and shoulder pain increased with age, and were
higher among women than men in every birth cohort examined. The disappear-
ance rate of chronic neck and shoulder pain decreased with age. The paper high-
lighted that adverse working conditions (e.g. repetitive work under time con-
straints, awkward work for men, repetitive work for women) contributed to the
development of neck and shoulder pain, independently of age [48].

The most frequent

radiculopathy is C6 and C7

Cervical radiculopathy is much less frequent than neck and shoulder pain with
a prevalence of 3.3 cases per 1000 people. The peak annual incidence is 2.1 cases
per 1000 and it occurs in the 4th and 5th decades of life [278]. In a Sicilian popula-
tion of 7653 subjects [237], a prevalence of 3.5 cases per 1000 was found for cervi-
cal spondylotic radiculopathy, which increased to a peak at age 50–59 years, and
decreased thereafter. The age-specific prevalence was consistently higher in
women [237]. An epidemiological survey of cervical radiculopathy at the Mayo
Clinic in Rochester [222] revealed that the average annual age-adjusted incidence
rate per 100000 population for cervical radiculopathy was 83.2 (107.3 for males,
63.5 for females). The age-specific annual incidence rate per 100000 population
reached a peak of 202.9 for the age group 50–54 years. A history of physical exer-
tion or trauma preceding the onset of symptoms occurred in only 14.8% of cases.
The median duration of symptoms prior to diagnosis was 15 days. A mono-radi-
culopathy involving C7 nerve root was most frequent, followed by C6.

The most frequent cause

of cervical radiculopathy

is spondylosis

A confirmed disc protrusion was responsible for cervical radiculopathy in
21.9% of patients; in 68.4% it was related to spondylosis. During the median
duration of follow-up of 4.9 years, recurrence of the condition occurred in 31.7%,
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and 26% underwent surgery for cervical radiculopathy. At last follow-up, 90% of
patients were asymptomatic or only mildly incapacitated due to cervical radicu-
lopathy [222].

OPLL is a frequent cause

of cervical myelopathy

in Asians

The epidemiology data of cervical spondylotic myelopathy have not been well
explored. The aging process results in degenerative changes of the cervical spine
that, in advanced stages, can cause compression of the spinal cord. It is the most
common cause of spinal cord dysfunction in the elderly [300]. A special form of
cervical myelopathy is caused by the ossification of the posterior longitudinal lig-
ament (OPLL). It is a multifactorial disease in which complex genetic and envi-
ronmental factors interact. This disease is especially found in the Asian popula-
tion [134]. In the Japanese population, the reported prevalence rate ranges from
1.8% to 4.1% [169, 196, 254]. The prevalence rate of OPLL in the cervical spine
was significantly lower in the Chinese (0.2%) and Taiwanese populations (0.4%)
[169]. A radiographic evaluation of cervical spine films at the Rizzoli Orthopae-
dic Institute in Bologna, Italy, revealed a prevalence of 1.83% with a peak in the
45–64 year age group (2.83%). This prevalence was much higher than that so far
reported in Caucasians [266].

Pathogenesis

Age-related changes

are only weakly correlated

with symptoms

Age-related changes of the intervertebral disc initiate the degenerative cascade
and lead to a progressive deterioration of the motion segment (see Chapter 4 ).
The disc height decreases leading to disc bulging as a result of progressive
changes to the extracellular matrix of the disc. Microinstability results in reactive
hyperostosis with formation of osteophytes at the vertebral endplates which can
penetrate into the spinal canal and compromise the spinal cord and nerve roots
(Fig. 1). Osteophytes of the uncovertebral and facet joints reduce the mobility of
the segment. Segmental instability leads to a hypertrophy of the yellow ligament
and causes a narrowing of the spinal canal and foramen. During later stages of
segmental degeneration, kyphosis of the cervical spine can occur and further
compromise the spinal cord and nerve roots [250]. Although cervical spondylo-
sis can lead to symptoms such as neck pain, CSR and CSM, we should bear in
mind that the vast majority of changes are asymptomatic [29].

Neck Pain

A morphological correlate

is rarely found for neck pain

The most common causes of subaxial neck pain are muscular and ligamentous
factors related to improper posture, poor ergonomics and muscle fatigue [223].
The intervertebral disc and facet joints are richly innervated [51, 81, 176]. Degen-
erative alterations can therefore lead to pain generation (see Chapters 4 , 5 )
representing a specific cause of neck pain. In the vast majority of cases, however,
no structural correlate can be found to explain axial neck pain, i.e. neck pain
most often is non-specific.

Cervical Disc Herniation

Disc extrusions

and sequestrations tend

to resorb with time

Cervical radiculopathy due to disc herniation usually occurs during early stages
of motion segment degeneration and mainly affects individuals in the 4th and
5th decades of life [222]. The main causes of disc herniation are age-related
changes of the intervertebral disc making the anulus fibrosus susceptible to fis-
suring and tearing (see Chapter 4 ). The so-called “soft herniation” exhibits a
chance for spontaneous resorption particularly in cases with disc extrusion and
sequestration. Vascular supply probably plays a role in the mechanism of resorp-
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tion [177]. The phase and position of the extrusion were identified as significant
factors affecting cervical disc herniation resorption [177].

Spondylotic radiculopathy

is caused by mechanical

and inflammatory factors

The pathophysiology of radiculopathy involves both mechanical deformation
and chemical irritation of the nerve roots [232]. The release of proinflammatory
cytokines and nerve growth factor (NGF) was recently identified to play a major
role in the development of radicular arm pain [272]. Our current understanding
of the pathogenesis of disc herniation related radiculopathy is mainly based on
studies of the lumbar spine. We therefore prefer to provide a detailed overview of
this issue in Chapter 18 .

Cervical Spondylotic Radiculopathy

Mechanical nerve root

compromise is not closely

related to symptoms

Spondylotic radiculopathy develops during later stages of motion segment
degeneration and is caused by osteophytes of the endplates, facet and uncoverte-
bral joints narrowing the spinal canal and neuroforamen (Fig. 1). These radicular
entrapments (often referred to as “hard herniations”) do not spontaneously
improve and usually exhibit a slowly progressing deterioration. Humphreys et al.
[130] showed that in symptomatic patients foraminal heights, widths and areas
are smaller than in asymptomatic controls. Foraminal stenosis can cause perma-
nent or intermittent mechanical irritation of the nerve roots and can lead to hyp-
oxia of the nerve root and dorsal root ganglion. The subsequent release of proin-
flammatory cytokines and NGF is responsible for the generation of radicular
pain [272]. Spontaneous resolution of these inflammatory processes can occur
and explain why some patients can have long asymptomatic periods. This is sup-
ported by the finding that the incidence of radiculopathy does not closely corre-
late with age although there is an age-related increase of radiological alterations
[278].

Cervical Spondylotic Myelopathy

Cervical spondylosis

is the most frequent cause

of myelopathy in Caucasians

In contrast to the lumbar spine, obliteration of the spinal canal by a disc hernia-
tion or osseous spurs can lead to severe neurological deficits because of a direct
compromise of the spinal cord resulting in the clinical syndrome of myelopathy.

Myelopathy can result from (Table 1):

Table 1. Etiology of cervical myelopathy

Acute Chronic

) large disc herniation ) cervical spondylosis
) traumatized narrow spinal canal ) ossified posterior longitudinal ligament (OPLL)

CSM generally can cause a variety of neurological disturbances like spastic gait,
ataxia, hyperreflexia, sensory impairment, sphincter disturbances, and motor
deficit. The degree and combination of each symptom can vary extensively and
there is no close relationship between the extent of compression and clinical
symptoms. The pathophysiology of CSM involves [16, 32, 80]:

) static factors
) dynamic factors
) biologic and molecular factors

Static Factors

A narrow spinal canal

predisposes to CSM

The normal sagittal diameter of the spinal canal (C3–7) is 14–22 mm [44, 74,
119, 207] with enough space for the neural elements, ligaments and epidural fat.
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The spinal cord occupies about three-quarters of the size of the spinal canal in
the subaxial spine [80]. A narrowing of the spinal canal size can result from disc
degeneration, vertebral osseous spurs, osteophyte formation at the level of the
facet joints, and yellow ligament hypertrophy, calcification or ossification [205].
Patients with a congenitally narrow spinal canal (<13 mm) have a higher risk
for the development of symptomatic cervical myelopathy [9, 74]. Penning et al.
[209] showed that concentric compression of the cord resulted in long tract signs
only after the cross-sectional area of the cord had been reduced by about 30% to
a value of about 60 mm2 or less. This is in line with findings by Teresi et al. [267],
who reported that spinal cord compression was observed in seven of 100 asymp-
tomatic patients. The percentage of cord area reduction never exceeded 16%
and averaged approximately 7%. Ogino et al. [194] found that the degree of cord
compromise was in good correlation with the ratio of the anteroposterior diam-
eter to the transverse diameter, designated as an anteroposterior compression
ratio.

Dynamic Factors

Instability and kyphosis

aggravate CSM

Dynamic compression appears to play a major role in CSM. Flexion of the cervi-
cal spine causes a lengthening of the spinal cord which can be stretched over pos-
terior vertebral spondylosis. In an already narrow canal this motion may damage
anterior spinal cord structures [80]. Extension of the cervical spine provokes a
buckling of the ligamentum flavum with dorsal compression of the spinal cord
combined with anterior compression due to posterior disc bulging and/or verte-
bral body osteophytes [80]. This results in a pincer effect that places the neurons
of the spinal cord at great risk [40, 201, 205]. Advanced disc degeneration and
height loss may allow for a translative movement with spondylolisthesis in an
anterior or posterior direction decreasing the spinal canal by 2–3 mm. Loss of
disc height and hypermobility of facet joints can lead to loss of lordosis and
finally to kyphosis. Dynamic changes and increasing kyphosis place increased
strain and shear forces on the spinal cord [16].

Biologic and Molecular Factors

Corticospinal tracts are very

vulnerable to ischemia

Vascular factors can play a significant role in the development of myelopathy.
Mechanical and vascular mechanisms can add to each other. A compressed spi-
nal cord will not tolerate a diminished perfusion and a marginally vascularized
cord will not tolerate compression [98, 252]. Blood supply of the different tracts
in the spinal cord impacts on the pattern of ischemia and subsequent axonal
degeneration. Transverse perforating vessels arising from the anterior sulcal
arterial system are very susceptible to tension and likely to cause early ischemia
and degeneration of the gray matter and medial white matter (anterior spinal
cord syndrome) [87]. Spinal cord ischemia especially affects oligodendrocytes,
which results in demyelination exhibiting features of chronic degenerative disor-
ders (e.g. multiple sclerosis) [67]. Particularly the corticospinal tracts are very
vulnerable and undergo early demyelination initiating the pathologic changes of
cervical myelopathy [40, 80, 95, 255].

Static mechanical factors causing compression, shear and distraction and
dynamic repetitive compromise are seen as primary injury whereas ischemia
and the subsequent cascade at the cellular and molecular level are considered as
secondary injury. These secondary mechanisms include [80, 151, 204]:

) glutamatergic toxicity
) free radical-mediated cell injury
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) cationic-mediated cell injury
) apoptosis

Secondary cellular and

molecular changes further

compromise spinal cord

function

Traumatic and ischemic injuries lead to an increase in extracellular levels of glu-
tamate, which is assumed to be excitotoxic leading to neuronal death. The gener-
ation of free radicals and lipid peroxidation reactions may render neurons sensi-
tive to the excitotoxic effects of glutamate [80]. The failure of the Na+-K+-adeno-
sine triphosphatase pump results in an accumulation of axonal Na+ through non-
inactivated Na+ channels. The Na+ channels can permit intracellular Ca2+ entry
activating enzymes (e.g. calpain, phospholipases and protein kinase C) resulting
in cytoskeletal injury [80]. Apoptosis represents a fundamental biological pro-
cess that contributes to the progressive neurological deficits observed in spondy-
lotic cervical myelopathy [151]. A common finding of many investigations of spi-
nal cord disorders is the observation that oligodendrocytes appear to be particu-
larly sensitive to a wide range of oxidative, chemical, and mechanical injuries, all
of which lead to oligodendrocyte apoptosis [67, 167, 255]. The early apoptotic
loss of oligodendrocytes is assumed to precede axonal degeneration and partici-
pate in the expression of profound and irreversible neurological deficits caused
by destructive pathologic spinal cord changes under chronic mechanical com-
pression seen in CSM [16, 151].

Gene polymorphism

is associated with OPLL

A particular entity is the ossification of the posterior longitudinal ligament
(OPLL), which particularly affects Japanese individuals and leads to a progres-
sive stenosis of the cervical spinal canal and subsequently CSM [254]. OPLL is a
multifactorial disease in which complex genetic as well as environmental factors
play a major role [134, 282]. Gene analysis studies identified specific collagen
gene polymorphisms that may be associated with OPLL, which encode for extra-
cellular matrix proteins [134]. Recently, it has been shown that polymorphism of
the nucleotide pyrophosphatase (NPPS) gene plays an important role in the
pathogenesis of OPLL [155, 186]. NPPS is a membrane-bound glycoprotein
assumed to produce inorganic pyrophosphate which acts as a major inhibitor of
calcification and mineralization. Furthermore, the involvement of many growth
factors and cytokines, including bone morphogenetic proteins and transforming
growth factor- q , were identified in various histochemical and cytochemical anal-
yses. Recent epidemiological studies confirmed an earlier finding that diabetes
mellitus is a distinct risk factor for OPLL [134, 282].

Clinical Presentation

Patients with a degenerative cervical disorder can present with a spectrum of
symptoms ranging from benign, self-limiting neck pain to excruciating upper
extremity pain with progressive severe neurological deficits. The primary goal of
the clinical assessment is to differentiate (see Chapter 8 ):

) specific cervical disorders, i.e. with pathomorphological correlate
) non-specific cervical disorders, i.e. without evident pathomorphological

correlate

In specific cervical disorders a pathomorphological (structural) correlate can be
found which is consistent with the clinical presentation. Accordingly, in non-spe-
cific cervical disorders no such correlate can be detected. Patients can only be
classified in the latter group after they have undergone a thorough clinical and
diagnostic work-up. Patients frequently present with pain syndrome located in
the neck-shoulder-arm region, which sometimes makes it difficult to differenti-
ate neck and shoulder problems. Before the diagnosis of non-specific neck pain

Degenerative Disorders of the Cervical Spine Chapter 17 435



can be made, it is mandatory to exclude differential diagnoses, e.g. shoulder
pathology, or nerve entrapment syndromes. In this chapter, we focus on a pathol-
ogy oriented approach. General aspects of history-taking and physical examina-
tion are presented in Chapter 8 .

History

Differentiate neck

and arm pain

The predominant symptom for patients with degenerative cervical disorders is
pain. Rarely, patients present with neurological symptoms without pain. The key
question in differentiating the origin of patients’ pain is (Table 2):

Table 2. Key question

) How much of your pain is in your arm(s)/hand(s) and in your neck/shoulder(s)?

In patients with predominant arm pain, the patients’ symptoms are frequently
part of a radicular or myelopathic syndrome (Table 3):

Table 3. Cardinal symptoms of radiculopathy and myelopathy

Radicular syndrome Myelopathic syndrome

) radicular pain ) numb, clumsy, painful hands
) sensory disturbances ) difficulty writing
) motor weakness ) disturbed fine motor skills
) reflex deficits ) difficulty walking

) symptoms of progressive tetraparesis (late)
) bowel and bladder dysfunction (late)

The key finding in patients with a radicular syndrome is radicular pain, i.e. pain
following a dermatomal distribution. The sensory, motor and reflex deficits are
dependent on the affected nerve root. It is important to note that the pain not
only radiates into the skin (dermatome) but also into the muscles (myotomes)
and bone (sclerotomes) (see Chapter 8 ).

Differentiation of radicular

and referred arm pain

is sometimes difficult

The referred type of pain is sometimes difficult to differentiate from non-spe-
cific radiating pain, which is not caused by a nerve root compromise. The radicu-
lar pain can be preceded by neck pain which results from an incipient disc herni-
ation, i.e. stretching of the anulus.

Cervical radiculopathy can be caused by a:

) disc herniation
) spondylotic stenosis

Disturbed fine motor skills

may indicate CSM

In contrast to radiculopathy, a myelopathic syndrome can begin very subtly and
can therefore pose a diagnostic challenge. The leading symptoms are numb,
clumsy, painful hands [192, 198]. The examiner should particularly ask for dis-
turbed fine motor skills (particularly writing skills). The degree of neck pain is
largely variable. The pathoanatomical cause of the myelopathy characterizes the
clinical presentation. Patients with cervical myelopathy can present with a broad
spectrum of signs and symptoms. Cervical myelopathy is a clinical syndrome
and dysfunction of the spinal cord, depending on the magnitude of spinal cord
dysfunction and its chronicity. Early symptoms include diminished dexterity
and subtle changes in balance and gait. Difficulty in manipulating small objects
(e.g. buttons, needles) is typical. Myelopathy can concomitantly appear with
radiculopathy since central stenosis is often combined with foraminal stenosis.

In patients with predominant neck pain, the patients’ symptoms are fre-
quently part of a so-called spondylotic syndrome (Table 4).
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Table 4. Spondylotic syndrome

) recurrent episodes of neck pain ) night and early morning pain
) pain aggravation with motion ) vegetative symptoms
) position dependent neck pain ) vertigo and dizziness
) non-radicular arm and shoulder pain ) headaches

The spondylotic syndrome is more difficult to describe than a radicular and
myelopathic syndrome. The pain arises from painful motion segment degenera-
tion and can be attributed to different pathoanatomical alterations, i.e.:

) disc degeneration
) facet joint osteoarthritis
) segmental instability

In contrast to the lumbar spine, it is more difficult to clinically differentiate these
pain origins. We therefore prefer to generally summarize the neck pain resulting
from the degenerative motion segment as spondylotic pain. The pain can be
accentuated by movement and during specific positions (e.g. reading, computer
work, driving). Pain during the night may indicate severe facet joint osteoarthri-

Vegetative symptoms and

vertigo are not uncommon

tis (OA). Pain is often associated with non-dermatomal shoulder girdle pain.
Patients often report vague numbness, thermal sensations, and tingling. The
causes of vertigo and dizziness are not well explored [39, 90]. Some of these vege-
tative symptoms are caused by disturbance of sympathetic nerves which richly
innervate the cervical spine [152, 308]. Headaches are frequent concomitant
symptoms [118] and sometimes pose a difficult differential diagnosis.

As indicated in Chapter 8 , the history should include:

) assessment of pain intensity (VAS or Likert scale)
) assessment of temporal course
) diurnal pain variation
) positional and activity modulators of pain
) functional limitations (ADL, job)

The functional limitations for activities of daily living (ADL) or professional
activities should best be assessed using an established questionnaire (Chap-
ter 40 ).

Physical Findings

Even if the patient presents only with shoulder arm pain, a thorough examination
of the whole spine is recommended. The general examination of the spine is
detailed in Chapter 8 . The need for a thorough neurological examination is self-
evident (Chapter 11 ).

In patients with radiculopathy, frequent findings are [272]:

) sensory deficit
) motor deficit
) reflex deficits
) positive Spurling test
) positive shoulder abduction or depression test
) positive axial traction test

Provocation tests

are helpful in diagnosing

radiculopathy

The Spurling test or neck compression test is performed with the patient in the
sitting position (see Chapter 8 ) [272]. The neck is extended and rotated to the
side of the pain. Then, a careful axial compression of the head is applied; if posi-
tive, the patient reports pain radiating along the compromised nerve root [75].
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Some patients report additional vegetative disturbances such as a feeling of cool-
ness in the hand or arm and trophic changes. In general, the Spurling test demon-
strated low to moderate sensitivity and high specificity, as did traction/neck dis-
traction, and Valsalva’s maneuver. The upper limb tension test (ULTT) demon-
strated high sensitivity and low specificity, while the shoulder abduction test
demonstrated low to moderate sensitivity and moderate to high specificity [231].

In patients with cervical myelopathy, frequent findings are [68, 172, 238]:

) atrophy of the interosseous muscles
) gait disturbances and ataxia
) spasticity, hyperreflexia, and clonus
) pathologic reflexes, positive Babinski sign
) sensory and vibratory deficits
) muscle weakness
) positive Lhermitte sign

The myelopathic gait

is broad, abrupt and jerky

Cervical spondylotic myelopathy is a combination of symptoms resulting from
an impairment of segmental neural compromise and long tracts. The segmental
compromise includes sensorimotor deficits consistent with a radicular deficit.
Early symptoms are numb, clumsy hands and later atrophy of the interosseous
muscles. Good et al. [97] reported a series of patients with cervical myelopathy in
whom the main complaint was numbness in the hands. In this context, a loss of
power of adduction and extension of the ulnar two or three fingers and an inabil-
ity to grip and release rapidly with these fingers can be observed [198]. These
patients have decreased vibratory and positional sense, and diminished fine
motions in the hands. Gait disturbance occurs late in cervical spondylotic mye-
lopathy. The gait disturbance manifests as spasticity and paretic dysfunction of
the lower extremities. Additional symptoms are loss of balance, unsteadiness,
stiffness with ambulation, and complaints of loss of power in the lower extremi-
ties. The myelopathic gait is broad based with abrupt motion sometimes more
hesitant and jerky.

Gait is assessed by asking the patient to walk on the line and walk with closed
eyes. Spinal ataxia is present in the case of a positive Rhomberg test (Chapter 11 )
or when the patient’s unsteady gait worsens with closed eyes. Sensory changes
vary widely according to the location and extent of the spinal cord dysfunction.
Upper motor neuron findings such as spasticity, clonus and hyperreflexia may be
present in upper and lower extremities. Long tract signs such as Babinski, Oppen-
heimer and Gordon as well as persistent clonus are indicative of upper motor neu-
ron lesion. Sensory disturbances in cervical myelopathy include loss of pain and
temperature, proprioception, and vibration below the level of the lesion, whereas
touch is often preserved [57]. Altered vibratory sense and proprioceptive changes
are often present in cases with chronic or severe myelopathy. Reflexes are
enhanced below and decreased at the level of the anatomical lesion. The Lhermitte
sign (i.e. pain on sudden head flexion causing an electrical shock along the spine
and extremities) may be present in cases with acute stenosis. Upper motor neuron
involvement also includes bowel and bladder dysfunction which can be found in
up to 50% of CSM patients [172]. In a study of 55 patients with cervical spondylo-
tic myelopathy, Gregorius et al. [104] found gait abnormalities, lower extremity
weakness, sensory deficits, and sphincter disturbances in over 60% of cases.

In patients with spondylotic syndrome, findings are:

) stiff neck with limited range of cervical motion
) neck pain on extension and rotation
) referred pain on motion (occiput, shoulder, upper limb)
) chronic trapezius myalgia
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Functional Assessment

A standardized functional

assessment is required

to assess outcome

One of the first outcome assessments of cervical spinal disorders was proposed
by Odom and is still frequently used [193]. Odom differentiated the result into
four categories (i.e. excellent, good, satisfactory, poor). However, there is a con-
sensus that such a crude outcome assessment is insufficient and not patient-
based [36]. It is therefore recommended to use self-rating scales such as the Neck
Pain and Disability Questionnaire [285] and the Neck Disability Index [275]
(Chapter 40 ). With regard to the assessment of CSM, a more detailed emphasis
on compromised function is required. Nurick developed a grading system focus-
ing on CSM related gait abnormalities [190, 191]. The grading system involves six
grades (0 to 5) with progressive disability for ambulation (not affected to chair-
bound/bedridden). The Japanese Orthopaedic Association (JOA) suggested a
more comprehensive grading system (JOA score) to assess the severity of the
myelopathy, recording motor function of upper and lower extremities, sensory
function of upper and lower extremities and trunk, and bladder function [126,
128]. However, the application of this score for non-Asian patients is limited by
the fact that one assessment considers the use of chopsticks. Modifications have
therefore been suggested by Benzel et al. [20] and Keller et al. [149]. In Europe,
the so-called European Myelopathy Score was developed [123] and compares
favorably to various other outcome assessment tools for CSM [259, 276].

Diagnostic Work-up

A thorough history and physical examination allow the diagnosis of radiculopa-
thy and myelopathy in the vast majority of cases. In this regard, imaging studies

The causes of neck pain

are not well defined

are helpful in identifying the correct level of neural compromise. On the con-
trary, the diagnostic work-up for neck pain remains challenging because degen-
erative alterations are frequent in asymptomatic individuals [29, 215]. The corre-
lation of structural alterations to neck pain often requires further investigation.
Even with spinal injections, the sources of axial neck pain cannot be identified
with certainty.

Imaging Studies

Radiographs provide

an excellent initial appraisal

of cervical spondylosis

Although magnetic resonance imaging (MRI) has become the imaging modality
of choice, standard radiographs are still helpful because they provide a straight-
forward assessment of cervical spondylosis. However, in the absence of signs of
radiculopathy or myelopathy, imaging studies are not necessary within the first
4–6 weeks after onset of symptoms and an initial conservative therapy is indi-
cated [15].

Standard Radiographs

Standard radiographs of the cervical spine in the anteroposterior and lateral
planes demonstrate:

) sagittal profile (e.g. loss of lordosis, kyphosis) (Fig. 2a)
) sagittal spinal canal diameter (Fig. 2a, b)
) spinal alignment and bony relationship (e.g. spondylolisthesis) (Fig. 2c)
) disc space narrowing (Fig. 2c)
) bony vertebral structures (vertebral collapse, osteophytes)
) developmental anomalies (os odontoideum, Klippel-Feil syndrome)
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Figure 2. Standard radiography

Conventional X-rays demonstrate: a sagittal profile (loss of
lordosis, kyphosis), spinal canal to vertebral body sagittal
diameter ratio (normal Pavlov index); b congenitally nar-
row spinal canal (decreased Pavlov index); c sagittal align-
ment (spondylolisthesis), osteophyte formations; d atlan-
toaxial facet joint osteoarthritis (arrowheads); e foraminal
stenosis (arrowheads).

) facet joint osteoarthritis (Fig. 2e)
) diffuse idiopathic skeletal hyperostosis (DISH)

Patients with a sagittal

diameter < 10 mm are at risk

of developing CSM

The sagittal diameter of the spinal canal is measured from the posterior aspect
of the midvertebral body to the spinolaminar line and is 14–22 mm in a normal
subject [44, 74, 119, 207]. A patient with a spinal canal diameter of less than
10 mm is regarded at high risk of developing CSM [74]. A spinal canal to ver-
tebral body sagittal diameter ratio (Pavlov index) (Fig. 2a) of 0.8 or less was
demonstrated to correlate with an increased risk of developing myelopathy
[206, 269]. However, with the advent of MRI these measurements have become
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Figure 2. (Cont.)

The radiological criteria of segmental instability according to White et al. [286] must be interpreted tentatively. f, g How-
ever, an anterolisthesis of more than 3.5 mm or an angulation of 11 degrees more than in the adjacent segment indicates
a putative instability.

less important, because the extent of neural compromise can be directly visual-
ized.

Oblique radiographs allow facet joint alignment, facet joint OA and foraminal
stenosis to be assessed (Fig. 2e). Whereas the utility of standard anteroposterior
and lateral radiographs of the cervical spine is well accepted, the value of flexion
and extension radiographs remains controversial. Debate continues on the
radiological definition of instability. White et al. [286] have suggested criteria for
subaxial instability (Fig. 2f, g) but stressed that their interpretation remains sub-
jective [286]. Similar to the lumbar spine, imaging studies have failed to allow for
a reliable diagnosis and instability therefore remains a clinical diagnosis.

Instability remains a clinical

diagnosis

Flexion/extension views

frequently do not change

treatment stategy

White et al. [289] retrospectively analyzed radiographs of 258 patients. They
diagnosed spondylolisthesis in 23 patients from neutral lateral images, 6 of
which (3%) showed changes of 2–4 mm in flexion and extension. Only two
patients (1%) showed spondylolisthesis on flexion-extension not seen on neu-
tral lateral radiographs. The authors concluded that spondylolisthesis revealed
on flexion-extension radiographs did not lead to a change in management after
reviewing the medical charts, and considering the radiation exposure and costs
dynamic radiographs are no longer regarded as useful in degenerative cervical
disorders.

Magnetic Resonance Imaging

T2W images overemphasize

spinal cord compression

MRI is the imaging modality of choice because of its non-invasiveness, excellent
tissue contrast and multiplanar capabilities (Fig. 3a–c). Some limitation exists
with regard to a detailed assessment of bony alterations. MRI is a very sensitive
imaging modality but its specificity is hampered by the high rate of asymptom-
atic alterations found in asymptomatic individuals. MRI exhibits disc herniation
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Figure 3. Magnetic resonance imaging

MRI is the imaging modality of choice to demonstrate
degenerative alterations and neural compression. a T2W
image showing disc herniations (arrow) and spinal cord
signal intensity changes. T2W images tend to overesti-
mate spinal cord compression. b T1W images (same
patient as in a) should preferably be used for this assess-
ment. c Axial T2W images demonstrating a large disc her-
niation and spurs (arrowheads) compressing the spinal
cord. d T2W image of a patient suffering from multilevel
cervical disc herniations with compression of the spinal
cord at C3/4 (arrowhead). The severe signal intensity
changes at C4/5 and C5/6 (arrows) do not correlate with
the site and extent of cord compression and are therefore
indicative of an additional disorder (e.g. multiple sclerosis,
as in this case).

in 20–35% and disc bulging in 56% of asymptomatic adults under 60 years of
age. MRI frequently demonstrates endplate (Modic) changes (see Chapter 9 )
which have been shown to be indicative of symptomatic disc degeneration in the
lumbar spine [283]. An important aspect in the assessment of CSM is the CSF

A T1W image overestimates

spinal cord compression

anterior and posterior of the spinal cord. This assessment should best be done
using a T1W sequence, because T2W sequences tend to overemphasize the com-
pression (Fig. 3a, b).

MRI also allows for an excellent assessment of the craniocervical junction
(C0–C2) [214, 215]. However, alterations of ligamentous structures and particu-
larly rotational abnormalities are frequently seen in asymptomatic controls
[214, 215].

Spinal cord signal intensity

changes indicate

myelopathy

MR signal intensity changes within the spinal cord are thought to represent
structural lesions of the spinal cord. Based on histopathologic investigations,
Oshiho et al. [195] found that abnormally high T2W image signal intensities are
non-specific in mildly altered lesions or areas with edema. In the gray matter, a
low T1W image in conjunction with a high T2W image signal intensity appeared
in severely altered lesions with necrosis, myelomalacia, or spongiform changes.
In the white matter, abnormally high T1W image intensities appeared in severely
altered lesions. However, there is a controversy regarding the prognostic signifi-
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cance of these changes [6, 173, 178, 302]. Care must be taken with regard to the
diagnosis in cases in which the extent of the signal changes does not correspond
to the amount of compression. In these cases other neurological causes, e.g. mul-
tiple sclerosis, must be considered (Fig. 3d).

CT Myelography

CT myelography favorably

demonstrates spurs,

ossifications and foraminal

stenosis

Prior to MRI, computed tomography (CT) myelography was frequently used
and is still preferred by some surgeons because of its excellent depiction of the
osseous structures (e.g. osteophytes, OPLL) in relation to spinal nerve roots and
cord (Fig. 4a, b). Image reformations in the foraminal plane are helpful for pre-
operative planning of decompression for CSR (Fig. 4c). CT myelography still has
its indications in cases with contraindications for MRI (e.g. pacemaker) or in
the presence of implants. Images in flexion and extension help to display
dynamic compression of the spinal cord [209] but its relevance remains unde-
termined.

Injection Studies

Discography and facet joint

blocks are controversial

for fusion level selection

The problem of successfully treating axial neck pain is the exact localization of
the pain source. It is apparently difficult to define discogenic neck pain consider-
ing only MRI [246, 307]. Discography in degenerative cervical disc disease has
limited application, because pain provocation is seen in multiple discs. The sur-
gical decision of which disc should be treated is therefore difficult. Similarly,
the accuracy and reliability of cervical facet blocks is controversial (see Chap-
ter 10 ).

a

b c

Figure 4. CT myelography

CT myelography is better than MRI in
demonstrating spurs, ossifications and
foraminal stenosis in relation to nerve
roots and spinal cord. a Axial CT myelo
image showing a foraminal stenosis
(arrows) due to severe facet joint oste-
oarthritis; b sagittal image reformation
demonstrating an anterior/posterior
spinal cord compression (pincer effect,
arrowheads); c parasagittal image ref-
ormation demonstrating severe forami-
nal stenosis (arrowheads).
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Neurophysiological Assessment

Neurophysiological studies

allow the diagnosis

of subclinical myelopathy

Neurophysiological examinations are indicated in situations where the clinical
picture does not correlate with the radiological findings. Neurophysiological
studies (Chapter 12 ) are helpful to exclude peripheral nerve damage, e.g. ulnar
nerve syndrome and carpal tunnel syndrome. Neurophysiological studies may
allow the recognition of subclinical neurogenic lesions but have the drawback of
frequent false-positive findings (i.e. findings without clinical relevance). In
CSM, neurophysiological investigations play a more important role than in radi-
culopathy. Somatosensory evoked potential (SSEP) abnormalities are strongly
correlated with clinical myelopathy, but not with radiculopathy [301]. In sub-
clinical cord compression, abnormalities of SSEPs and motor evoked potentials
(MEPs) were found in half of the individuals with putative CSM and one-third
developed manifest myelopathy in the follow-up of 2 years [18]. Probably, the
most important role of neurophysiological assessment is to monitor the pro-
gression of cervical myelopathy, which can add to the surgical decision-making.
However, SSEPs and MEPs are of limited use for evaluating the results of therapy
in an individual patient but are useful in the group assessment of therapy results
and in labeling a subgroup of patients with potentially favorable postsurgical
outcome [19].

Differential Diagnosis

Differential diagnosis is very important because a great number of other patholo-
gies may mimic cervical radiculopathy and myelopathy (see Chapter 11 ). The
most frequent differential diagnoses are [45]:

) nerve entrapment syndromes
) shoulder girdle disorders (rotator cuff tears, impingement syndrome,

tendinitis)
) acute brachial plexopathy (Parsonage-Turner syndrome, neuralgic

amyotrophy)
) thoracic outlet syndrome
) brachial plexitis/neuritis (e.g. herpes zoster)
) amyotrophic lateral sclerosis
) tumors (e.g. Pancoast tumors)
) coronary heart disease

Differential diagnosis can

almost always be excluded

by a thorough exam and

neurophysiological studies

These differential diagnoses can be excluded in the vast majority of cases by a
thorough clinical neurological and neurophysiological assessment (see Chapters
11 , 12 ).

Non-operative Treatment

The spectrum of symptoms in degenerative cervical disorders ranges from
benign self-limiting non-specific neck pain to severe pain states with progressive
tetraparesis as seen in CSM. Accordingly, the treatment decision is critically
dependent on the underlying pathology. In general, the goals of treatment are
(Table 5):

Table 5. General objectives of treatment

) relieve pain ) prevent neurological deterioration
) improve functional limitations ) reverse or improve neurological deficits
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The choice of treatment is closely dependent on the natural history. Its knowl-
edge is important when consulting patients on the most appropriate treatment.
The expected outcome of treatment has to be weighed against the risks and bene-
fits in the light of the natural history.

Natural History

Neck Pain

Neck pain frequently recurs

and becomes moderate

to severe in about one-third

of cases

Most cases of non-specific acute neck pain resolve within a few days or weeks
after onset [291]. The natural history of neck pain is not well explored since
patients with persistent pain receive non-operative care. However, a large epide-
miologic study on 1100 Saskatchewan adults revealed that among subjects with
prevalent neck pain at baseline, 37% report persistent problems and 9.9% expe-
rience an aggravation during follow-up. Twenty-three percent of those patients
with prevalent neck pain at baseline report a recurrent episode. The annual inci-
dence of disabling neck pain is 6%. Cote et al. concluded that in contrast to prior
belief, most individuals with neck pain do not experience complete resolution of
their symptoms and disability [66]. In a 10-year follow-up study on 205 patients,
Gore et al. [103] observed that 79% had a decrease in pain, and 43% were free of
pain. However, 32% continued to have moderate or severe residual pain. Patients
injured and initially suffering from severe pain are the most likely to have an Morphological alterations

are not closely correlated

with symptoms

unsatisfactory outcome. The presence or severity of pain, however, was not
related to the presence of degenerative changes, the sagittal diameter of the spinal
canal, or the degree of cervical lordosis [103].

Cervical Disc Herniation and Radiculopathy

The natural history

of CSR is benign

Mochida et al. [177] analyzed the spontaneous resorption of cervical disc hernia-
tion, using MRI. The authors found that in about one-third of the patients, the
size of the herniated material decreases with time. Patients with disc migration
showed more regression than patients with protrusions. Herniated soft discs
seem to be the only static compression factor that disappears spontaneously. But
this is undermined by case reports [277]. Knowledge of the natural history of
radiculopathy is very sparse [45]. In an epidemiological survey of cervical radi-
culopathy in Rochester, 90% of 561 patients were asymptomatic or only mildly
incapacitated due to cervical radiculopathy at an average follow-up of 5 years
[222].

Cervical Myelopathy

Spinal canal diameter

is the most critical risk factor

of CSM

The developmental spinal canal size is one of the most critical risk factors predi-
sposing to CSM. Humphreys et al. [130] demonstrated that foraminal heights,
widths, and areas were larger in asymptomatic patients than in symptomatic
patients. One of the first reports on the natural history of CSM was provided by
Clark and Robinson [58]. The authors reported that once the disorder was diag-
nosed, complete remission to normality never occurred, and spontaneous remis-
sion to normality was uncommon. In 75% of the patients, episodic worsening
with neurological deterioration occurred, 20% had slow steady progression,
whereas 5% had rapid onset progression. Lees and Turner [166] reported that
there is a progression of neurological deterioration, but the course is not predict-
able. The natural history of cervical myelopathy has a variable clinical course
with long periods of stable disability which can be followed by a few progressively
deteriorating courses [73, 223]. In a study by Symon and Lavender [264], two-
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thirds of the patients exhibited a linear rather than an episodic progression
course. Philipps [217] observed an improvement in 50% of patients with symp-
toms for less than 1 year and in 40% of patients with symptoms for between 1 and
2 years, whereas in patients with symptoms for more than 2 years no improve-
ment could be determined. Yonenobu [297] reported that a minor trauma can
significantly alter the natural history of OPLL. In a study by the Japanese investi-
gation committee on OPLL, 21% of patients experienced acute deterioration of
neurological symptoms on occasion of a trivial trauma such as slipping [297]. In
a small series with a short follow-up, Kadanka et al. [142] found that patients
with no, or very slow, insidious progression and a relatively long duration of
symptoms have a favorable course no better or worse than surgery.

The natural history of CSM

is poorly predictable

in the individual patient

Twenty years ago, Henry LaRocca [164] outlined that the determinants of the
clinical course are not well enough known to forecast the likely course in a newly
presenting patient. This statement is still valid today.

Conservative Treatment Modalities

The scientific evidence for

most treatment modalities

is poor

Non-specific neck pain and spondylosis related neck pain are best managed with
non-operative treatment because a clear structural correlate which could be
addressed by surgery is missing. In cases with radiculopathy, an initial trial of
non-operative care is strongly recommended in the absence of relevant motor
deficits (MRC Grade >3). Anecdotally, soft disc herniations respond more favor-
ably to conservative care than CSR [234]. However, the indication for surgery
should be prompted after failure of an adequate trial of a non-operative approach
[234]. Non-surgical treatment is only indicated in mild forms of CSM, but in
cases with circumferential spinal cord compression deterioration under conser-
vative care must be expected [251]. For many treatment modalities, insufficient
scientific data is available to allow for evidence-based treatment guidelines [5,
106].

Oral Medications

Drug treatment for neck pain disorders consists of:

) analgesics
) NSAIDs
) muscle relaxants
) psychotropic drugs

In contrast to the lumbar spine, oral medications commonly used in clinical
practice (e.g. NSAIDs, tricyclic antidepressants, neuroleptic agents and opioid
analgesics) lack evidence of clinical effectiveness for mechanical neck pain [175,
208]. No comprehensive analyses are available for acute neck and radicular arm
pain [175].

Cervical Collar

The treatment effect of

cervical collars is unproven

In acute neck pain episodes, no benefit of cervical collars over “act-as-usual” or
active mobilization was observed [154]. On the other hand, collar treatment was
no better or worse than alternative treatments for radiculopathy (i.e. physiother-
apy or surgery) [211, 212]. No evidence-based recommendations can be pro-
vided for the use of cervical collars.

446 Section Degenerative Disorders



Manipulative Therapy

There is moderate evidence

for the effectiveness of

manipulative treatment

Manipulative therapy remains a mainstay of conservative treatment for degenera-
tive disorders of the cervical spine. Particularly, traction has been reported to
result in short-term relief of radiculopathy [60, 61, 197]. Debate continues on the
safety of manipulative therapy of the cervical spine. Based on a national survey of
19122 patients, minor side effects (headache, fainting/dizziness, numbness/tin-
gling) were not uncommon up to 7 days after the intervention, with an incidence
rate ranging from 4 to 15/1000. Serious adverse events (leading to in-hospital
treatment or permanent disability) were very rare (1/10000). However, this does
not rule out a deleterious course in individual patients (Case Introduction). Rubin-
stein et al. [230] concluded that the benefits of chiropractic care for neck pain seem
to outweigh the potential risks. There is moderate evidence that spinal manipula-
tive therapy (SMT) and mobilization is superior to general practitioner manage-
ment for short-term pain reduction of chronic neck pain. However, SMT offers at
most similar pain relief to high-technology rehabilitative exercise in the short and
long term. In a mix of acute and chronic neck pain, there is moderate evidence that
mobilization is superior to physical therapy and family physician care [41]. There
are only a few studies on acute neck pain and the evidence is currently inconclusive
[41].

Physical Exercises

Moderate evidence

supports physiotherapy

for chronic neck pain

There is moderate evidence supporting the effectiveness of both long-term
dynamic as well as isometric resistance exercises of the neck and shoulder mus-
culature for chronic or frequent neck disorders. No evidence supports the long-
term effectiveness of postural and proprioceptive exercises or other very low
intensity exercises [106, 296].

Multidisciplinary Rehabilitation Programs

In contrast to the lumbar spine, there appears to be little scientific evidence so far
for the effectiveness on neck and shoulder pain of multidisciplinary rehabilita-
tion programs compared with other rehabilitation methods [145]. However, this
conclusion is due to the low quality of available clinical trials [145].

Massage

No clinical practice recommendations can be made for the effectiveness of mas-
sage for neck pain [115].

Spinal Injections

Transforaminal injections

can results in serious

complications

Anecdotally, transforaminal injections with epidural steroid application can
result in instant pain relief in patients suffering from cervical radiculopathy [70,
163, 262], although injection of local anesthetic appears to have similar effects
[8]. However, recent articles have prompted major concerns over the safety of
transforminal steroid injections because of cases with subsequent deleterious
spinal cord injuries [120, 181, 245]. For chronic neck pain, intramuscular injec-
tion of lidocaine was superior to placebo or dry needling at short-term follow-up,
but similar to ultrasound. There is limited evidence of effectiveness of epidural
injection of methylprednisolone and lidocaine for chronic neck pain with radicu-
lar symptoms [208].
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Radiofrequency Denervation

The treatment effect of

radiofrequency denervation

is unproven

Although some studies reported satisfactory results [170, 253], there is limited
evidence that radiofrequency denervation offers short-term relief for chronic
neck pain of zygapophysial joint origin and for chronic cervicobrachial pain
[188].

Acupuncture

The evidence for acupuncture is considered inconclusive and difficult to inter-
pret [27].

Electrotherapy

The systematic review by Kroeling et al. [158] could not make any definitive con-
clusions about electrotherapy for neck pain. The present evidence on galvanic
current (direct or pulsed), iontophoresis, electromuscle stimulation (EMS),
transcutaneous electrical nerve stimulation (TENS), pulsed electromagnetic
field (PEMF) and permanent magnets is either lacking, limited, or conflicting.

Infrared Laser Therapy

The review by Chow et al. [55] provided limited evidence from one randomized
controlled trial (RCT) for the use of infrared laser for the treatment of acute neck
pain and chronic neck pain from four RCTs.

Operative Treatment

General Principles

Degenerative disorders of the cervical spine are a heterogeneous group of pathol-
ogies with a wide spectrum of treatment modalities. For the vast majority of clin-
ical entities, surgery is only indicated after an adequate trial of non-operative
treatment has failed. As outlined in the preceding paragraph, the scientific evi-
dence for the effectiveness of many conservative measures is very limited. Simi-
larly, the evidence is limited for the surgical treatment options. While surgery for
chronic neck pain is not broadly supported, it appears that patients with CSR and
CSM benefit from surgery after non-operative care has failed [86, 297]. Indica-
tions for surgery for CSR and CSM include (Table 6):

Table 6. Indications for surgery

Cervical spondylotic radiculopathy Cervical spondylotic myelopathy

) progressive, functionally important motor deficit
) definitive evidence for nerve root compression
) concordant symptoms and signs of radiculopathy
) persistent pain despite non-surgical treatment for

at least 6 – 12 weeks

) progressive myelopathy despite non-operative care
) acute onset, deterioration or progression of neurological deficits
) definitive evidence of spinal cord compression with moderate-

to-severe myelopathic symptoms
) progressive kyphosis with neurological deficits

The goal of CSM treatment

primarily is to arrest

progression

Surgery for cervical radiculopathy is generally recommended when all of the
aforementioned criteria are present [45]. The primary goal of surgery in CSM is
the prevention of further progression of the neurological symptoms because
improvement of established myelopathic changes is rare [164, 166]. One of the
most important aspects in dealing with CSM is to inform the patients preopera-
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tively that the goal of surgery is primarily to arrest progression of the disease.
Patients are frequently disappointed by the results of surgery when neurological
recovery is lacking although the vast majority of patients do show improvements
[76, 127, 225, 294]. It is therefore reasonable to extensively inform patients about
the goals and realistic expectations of surgery.

Surgical Techniques

There is an ongoing debate on the approach to deal with disc herniation related
radiculopathy, CSR or CSM, i.e.:

) anterior approach
) posterior approach

The pathology should be

treated where it is

Each technique has its advantages and drawbacks. The controversy which of the
two approaches is better cannot be generalized but must always be related to the
target pathology. It is important to recognize whether the compressing structure
is anterior or posterior to the neural structures. The pathology should be treated
where it is. Thus, an anterior neural compression is better removed from anterior
and a multisegmental posterior compression from a posterior approach. In cases
with three or more level stenosis, a posterior approach is preferred unless there
is no coexisting substantial anterior compression.

Anterior Cervical Discectomy and Fusion

Anterior cervical discectomy

and fusion remains the gold

standard for CSR

In 1955, Robinson and Smith [229] reported on a technique for removal of cervi-
cal disc and fusion with a horseshoe-shaped graft which later became the gold
standard for the treatment of disc herniations and cervical spondylotic radiculo-
pathy [260]. Cloward [62] developed a similar anterior approach, i.e. drilling a
hole in the intervertebral disc space and adjacent vertebrae to insert a bone
dowel. In contrast to the Robinson-Smith technique, Cloward removed the com-
pressing structures at the level of the posterior longitudinal ligament. Robinson
and Smith [229] did not decompress the neural structures, but believed that by
immobilizing the segment osteophytes and herniated disc would be reabsorbed.
In the following years many variations of this technique were developed [12, 35,
37, 77, 99, 258]. Anterior cervical discectomy and fusion (ACDF) with a tricorti-
cal bone graft harvested from the iliac crest is the most widely used technique
and has become the gold standard for the treatment of cervical radiculopathy
(Case Introduction).

Fusion rates are dependent

on the number of levels

treated

The radiological fusion rate is dependent on the amount of levels to be fused.
Bohlmann et al. [33] reported a solid fusion for one, two and multilevel fusions
of 89%, 73% and 67%, respectively. Cauthen et al. [49] analyzed the outcome of
anterior cervical discectomy and interbody fusion (Cloward technique) in 348
patients with an average follow-up of 5 years. The fusion rate was 88% for one
level and 75% for multilevel fusions. Emery et al. [78] reported a fusion rate of
only 56% for three-level fusions.

The surgical outcome

is mainly dependent on

the decompression effect

Clinical outcome of ACDF for cervical radiculopathy is good to excellent in
70–90% of patients [223] and mainly dependent on the decompression of the
compromised nerve root [45]. However, Bohlmann et al. have reported a signifi-
cant association between the presence of non-union and postoperative neck or
arm pain [33].
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Autograft Versus Allograft

Autograft is superior

to allograft for ACDF

The use of allograft for spinal fusion in conjunction with anterior decompression
for degenerative cervical disorders has a long tradition. Cloward [62, 63] used
allografts from the 1950s. However, there are only a few studies [7, 28, 42, 303]
comparing allografts versus autografts which were analyzed in a meta-analysis
[83]. Floyd and Ohnmeiss [83] concluded from their meta-analysis that for both
one- and two-level anterior cervical discectomy and fusion, autograft demon-
strated a higher rate of radiographic union and a lower incidence of graft col-
lapse. However, it was not possible to ascertain whether autograft is clinically
superior to allograft. The authors advised that the decision of the bone graft
should not be solely based on the radiographic results but that additionally
donor site morbidity, transmission of infectious disease, quality of the autograft
(osteoporosis) and patient preference must be taken into consideration [83].

Plate Fixation

The conventional fusion techniques were not universally successful. Complica-
tions causing persistent pain included [10, 33, 69, 78, 102, 228, 287, 288, 292, 304]:

) non-union (particularly for multilevel fusions)
) graft displacement
) graft collapse
) sagittal malalignment (kyphosis)

For traumatic cervical lesions, anterior plate fixation gained widespread accep-
tance because it provides immediate stability and high fusion rates [4, 31, 46].
Similarly, instrumented fusion was introduced for degenerative cervical disor-
ders [156, 247, 279]. Additional plating theoretically increases the fusion rate,
preserves cervical lordosis, and prevents graft subsidence and migration partic-
ularly when two or more levels are involved [247].

Plate fixation increases

the fusion rate for multilevel

fusions

However, three RCTs failed to demonstrate the superiority of additional plate
fixation for one-level fusions in terms of clinical or radiological outcome [105,
244, 309]. For multilevel fusion, there is some evidence that plating appears to
result in higher fusion rates [47, 94, 146, 280, 281].

Anterior plate fixation

does not suffice

for three-level fusions

Wang et al. [281] indicated that a three-level fusion is still associated with a
high non-union rate (18%), although the use of cervical plates decreased the
pseudarthrosis rate. Bolesta reported that three- and four-level modified Robin-
son cervical discectomy and fusion results in an unacceptably high rate of pseud-
arthrosis which is not improved by a cervical spine plate alone [34]. Additional
posterior fixation is advocated in three and more level fusion to decrease the
non-union rate [180] (Case Study 1).

Fusion with Cages

One drawback of the conventional fusion (Smith-Robinson or Cloward) tech-
niques could not be overcome by plating, i.e. bone graft donor side pain. Persis-

Bone graft donor site pain

remains a drawback of ACDF

tent pain from the anterior iliac crest is reported in up to 31% of patients [110].
During the last decade, cages have become increasingly popular in stabilizing
and fusing the cervical spine subsequent to anterior discectomy. Compared to
conventional fusion techniques, the theoretical advantages of cages are to:

) restore disc height
) restore cervical lordosis
) prevent graft collapse
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Case Study 1

A 47-year-old male had experienced some numbness, clumsiness and tingling in his hands for over 1 year before he sud-
denly developed gait disturbance and weakness in both legs. The patient was admitted to the Neurology Department
for further diagnostic work-up. Clinically, the patient presented with an incomplete tetraparesis sub C4. A lateral radio-
graph (a) demonstrates a congenitally narrow spinal canal with cervical spondylosis particularly at the levels C5/6 and
C6/7 and decrease of cervical lordosis. Sagittal T2W image (b) demonstrating a large disc herniation at C4/5 with com-
pression of the spinal cord, advanced disc degeneration with endplate changes (Modic Type II), signal intensity changes
within the spinal cord at C5/6, and a disc protrusion with spinal cord compression at C6/7. Axial T2W images confirm the
severe myelon compression at the levels of C4/5 (c) and C6/7 (d). The patient underwent multilevel anterior cervical dis-
cectomy and fusion with a tricortical iliac bone graft and anterior plating. In a second operation, the patient underwent
posterior laminectomy and instrumented fusion to completely decompress the narrow spinal canal and spinal cord
(e, f ). Postoperatively, the patient substantially improved with regard to his neurological function but a residual tetrapa-
resis remained at latest follow-up.

) avoid donor site pain
) reduce operative time

Many different cage designs (e.g. cylindrical, mesh, ring or box shaped) and
materials (e.g. titanium, carbon, polyetheretherketone, hydroxyapatite coated)

Degenerative Disorders of the Cervical Spine Chapter 17 451



have been introduced [54, 110, 144, 216, 221, 271]. Debate continues on the fact of
the cage filling with bone (autograft or allograft), bone graft substitutes or void
and favorable clinical results have been reported with each technique [53, 132,
157, 168, 203, 233, 248].

Cage fusions are not better

than conventional

ACDF

Randomized studies have so far not been able to reveal a significantly better
clinical outcome of patients undergoing cage fusion compared to conventional
techniques [111, 210, 233, 273] although the rate of non-union appears to be
higher and bone graft donor site pain lower [273].

Anterior Corpectomy

In patients suffering from CSM, anterior discectomy and osteophyectomy may
not suffice to sufficiently decompress the spinal cord. The spinal cord may not
only be compromised by disc protrusions and spondylophytes but also by a spi-
nal malalignment (kyphosis) or a narrow spinal canal. In these cases, a subtotal
corpectomy is required [236]. Partial vertebral body resection and decompres-
sion was first used to treat traumatic cervical disorders [91] and later adopted for
degenerative disorders [114, 236].

Compared to ACDF, a median corpectomy offers the advantage of:

) enlarging the spinal canal
) allowing for a more radical decompression
) increasing the fusion rate

Corpectomy allows

for better decompression

and a high fusion rate

A variety of techniques were developed to stabilize the cervical spine after
decompression through vertebrectomy [21, 35, 113, 116, 298]. The extent to
which decompression should be performed depends on the pathology and the
size of the spinal canal [125, 295]. Most authors [143] advocate the complete
removal of the posterior osteophytes and PLL to achieve maximum decompres-
sion (Fig. 5). Compared to multilevel ACDF, corpectomy offers the advantage of
reducing the host-graft interfaces. Swank et al. [263] have shown that the non-
union rate of two-level ACDF was 36% while one-level corpectomy resulted in a
non-union rate of 10% (Case Study 2). Similar results were obtained by Hilibrand
et al. [125], who reported a non-union rate of 34% for ACDF (one to four levels)
and 7% for corpectomy.

One-level corpectomies are best reconstructed using iliac crest autograft. The
angulation of the iliac crest limits its applicability for longer anterior reconstruc-
tions. Therefore, fibula strut allografts have been used with satisfactory results
[263]. However, the fusion rate of allograft fibula is somewhat lower than with
autograft [100, 263]. This limitation can be overcome with additional posterior
instrumented fusion [180]. Recently, cages constructs have been used for long
anterior column reconstructions [56, 187, 261, 268, 293]. The drawbacks of cage
buttressing for anterior cervical reconstructions include subsidence, limited
assessment of fusion status, and difficult revision surgery because of frequent
partial incorporation [180].

Three-level corpectomies

necessitate anterior-

posterior fixation

Anterior plating currently is recommended to increase fusion rate and
decrease the incidence of graft dislocation [153]. However, the ability of plate fix-
ation to stabilize a three-level corpectomy is limited [136, 242, 270] and addi-
tional posterior stabilization is recommended to circumvent implant failure and
non-union [73, 93, 162, 226].

Anterior Discectomy Without Fusion

A drawback of the classic Robinson-Smith technique is that the intervertebral
disc is removed to reach the location of the neural compromise. Attempts have
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Figure 5. Technique of corpectomy and instrumented fusion

The cervical spine is exposed by an anteromedial approach. a The intervertebral discs are excised adjacent to the target
level. b The medial three-thirds of the vertebral body are resected. The lateral wall is preserved to protect the vertebral
arteries. c A high-speed diamond burr is used to remove the median part of the vertebral body. d The remaining part of
the posterior vertebral wall is elevated away from the spinal cord and resected with a Kerrison rongeur. e Kerrison ron-
geur and curettes are used to remove posterior osteophytes and decompress spinal cord and exiting nerve roots. f The
spine is reconstructed by insertion of a tricortical iliac bone block and anterior plating.

therefore been made to remove the disc herniation without completely resecting
the intervertebral disc. Indications of this technique are:

) soft disc herniation
) disc sequestration
) young individual
) no spondylosis
) no segmental instability

Retrospective case series did not report a clinical outcome inferior to discectomy
and fusion [24, 25, 183, 192, 219, 220]. The disadvantages of this method, how-
ever, were:

) recurrent herniation
) motion segment degeneration
) segmental instability
) chronic neck pain
) spontaneous fusion
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Case Study 2

A 56-year-old male had recurrent episodes of neck pain with occasional radiating pain to his right forearm for 18 months
before he developed acute onset excruciating arm pain followed by a progressive sensorimotor deficit of C6 on the right
side. Lateral radiograph (a) showing cervical spondylosis at the level of C5/6 and C6/7. Sagittal T2W image (b) reveals cer-
vical spondylosis and disc protrusions at C5/6 and C6/7. Axial T2W image shows a sequestrated disc herniation at C5/6
(arrow) with compression of the exiting nerve root C6 (c) and a disc protrusion at C6/7 with compromise of the C7 nerve
root (d). The indication for surgery was prompted by the progression of the paresis. The patient underwent a corporec-
tomy of C6, decompression of the C6 and C7 nerve root, reconstruction with a tricortical iliac bone block and anterior
plating (e, f ). At 1 year follow-up, the sensorimotor deficit had completely recovered. The patient was fully functional but
occasionally had some episodes of benign neck pain.

Outcome of discectomy

without fusion is not inferior

to that of ACDF

In a prospective randomized study on 91 patients with single-level cervical root
compression, Savolainen et al. [244] analyzed three different treatment groups:
discectomy without fusion, fusion with autologous bone graft, and fusion with
autologous bone graft plus plating. Clinical outcomes were good for 76%, 82%,
and 73% of the patients, respectively. A slight kyphosis developed in 62.5% of
the patients who had undergone discectomy, 40% of the patients who had
undergone fusion, and 44% of the patients who had undergone fusion plus
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plating [244]. This study indicates that discectomy without fusion is not inferior
to ACDF.

Techniques were developed to preserve the intervertebral disc, which often is
not substantially degenerated and can therefore be preserved. Verbiest [274] sug-
gested a lateral approach while Hakuba [112] described a trans-unco-discal

Disc preserving anterior

nerve root decompression

is feasible

approach. The latter approach is a combined anterior and lateral approach to the
cervical discs. Interbody fusion was not performed except for special cases with
significant kyphosis or instability [112]. Minimally invasive techniques were sug-
gested by Jho [140] and Saringer et al. [240], who reported on a microsurgical
anterior foraminotomy which provides direct anatomical decompression of the
compressed nerve root by removing the compressive spondylotic spur or disc
fragment. Saringer et al. [241] modified this technique by using an endoscopic
approach. Other authors removed the herniated disc under endoscopic view
using a transdiscal route [13, 84].

Total Disc Arthroplasty

Adjacent segment

degeneration is the main

argument for TDA

Adjacent segment degeneration (Fig. 6) has been mentioned as the main argu-
ment against spinal fusion and therefore favoring total disc arthroplasty (TDA).
However, the data on adjacent segment degeneration is sparse [14, 52, 124, 160].
Hilibrand et al. [124] followed 374 patients who had a total of 409 anterior cervi-
cal fusions for a maximum of 20 years. Symptomatic adjacent-segment disease
occurred at an incidence of 2.9% per year during the 10 years after operation.
About one-fourth of the patients who had an anterior cervical fusion were at risk
of developing symptomatic adjacent segment disease within 10 years. A single-
level arthrodesis involving C5/6 or C6/7 and preexisting radiographic evidence
of degeneration at adjacent levels appeared to be the greatest risk factors for new

a b c

Figure 6. Adjacent segment degeneration

a Symptomatic cervical spondylosis at C5/6 with anterior and posterior osteophytes. b Postoperative lateral radiograph
after anterior cervical discectomy and fusion with a tricortical iliac bone graft (Robinson-Smith technique). c Lateral
radiographs at 6 years follow-up demonstrate a perfect fusion at C5/6 with remodeling of the osseus structures (arrow-
heads). Note the adjacent segment degeneration at C4/5 (arrow).
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disease [124]. Importantly, no study so far was able to differentiate the effect of
natural history versus the effect of the arthrodesis on the development of adja-
cent segment degeneration [52, 101].

More than 15 different designs are now under pre-clinical and clinical evalua-
tion (e.g. Prestige II, Bryan, PCM, ProDisc-C, Cervicore, Discover) [199]. Current
TDA designs include one-piece implants and implants with single or double glid-
ing articulations with either metal-on-metal or metal-on-polymer bearing sur-

a b

c

d e

Case Study 3

A 53-year-old female patient complained of persistent (4 months) right-sided shoulder/arm pain and was referred to our
shoulder specialists with suspected impingement syndrome. A thorough physical examination revealed a normal shoul-
der function but a decreased sensation at the lateral aspect of the radial forearm and thumb as well as weakness in dor-
siflexion of the hand. The biceps tendon reflex was diminished on the right. A lateral radiograph (a) showed segmental
kyphosis at C4/5 and minimal cervical spondylosis at C5/6 and C6/7. Parasagittal T2W image (b) revealed a lateral disc
protrusion at C5/6. Axial T2W image (c) confirms the foraminal disc protrusion with compression of the exiting C6 nerve
root. Non-operative therapy (medication, physiotherapy) failed to provide persistent substantial pain relief. A nerve root
block (C6) completely alleviated the symptoms for 1 week. Discectomy, nerve root decompression and total disc arthro-
plasty at C5/6 was carried out (d, e). Immediately after surgery, the patient had complete pain relief and was fully func-
tional 2 weeks after surgery. At the 2-year follow-up, the patient was still completely symptom-free.
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faces [218] (Case Study 3). Current indications and contraindications for TDA
include [11] (Table 7):

Table 7. Indications and contraindications for TDA

Indications Contraindications

) symptomatic cervical disc disease
) one- or two-level involvement (C3–T1)
) structural correlate (i.e. herniated nucleus

pulposus, cervical spondylosis)
) failed conservative therapy of 6 weeks
) age between 20 and 70 years
) no contraindications

) three vertebral levels requiring treatment
) cervical instability (translation > 3 mm and/or > 11° angulational differ-

ence)
) cervical fusion adjacent to the target level
) previous surgery/fracture at target level
) known allergy to implant materials
) severe spondylosis (bridging osteophytes, disc height loss > 50 %, and

absence of motion < 2°, facet joint OA)
) axial neck pain as the solitary presenting symptom
) systemic and metabolic diseases (AIDS, HIV, hepatitis B or C, insulin-

dependent diabetes, infections, obesity, BMI> 40)

Outcome of TDA is not

superior to conventional

ACDF techniques

Preliminary outcome data demonstrated that TDA preserves segmental motion
[50, 185] in the short term and compares very favorably to ACDF in terms of clin-
ical outcome [23, 179, 184, 243]. However, no convincing data was provided so far
that TDA will prevent adjacent segment degeneration [243].

Posterior Laminectomy

Cervical laminectomy was first performed by Sir Victor Horsley (1857–1916) for
the treatment of tumor related myelopathy [265]. Laminectomy is a versatile and
technically facile approach to decompress the spinal cord [171].

Indications for laminectomy are mainly for the management of:

) multilevel cervical myelopathy
) predominant posterior neural compression
) elderly CSM patients with comorbidities
) CSM with preserved cervical lordosis

Laminectomy provides

favorable results in selected

cases

In elderly patients suffering from significant comorbidities and CSM due to mul-
tilevel spinal cord compression, laminectomy is a short and effective procedure
to arrest or improve neurological deficits. In the presence of kyphosis, however,
laminectomy only has a limited effect since the spinal cord cannot migrate poste-
riorly and move away from osteophytes or discs compressing the spine anteri-
orly. Good to excellent results have been reported in 56–85% of patients after
laminectomy [171]. The lateral extension of laminectomy should not include
more than 50% of the facet joint. The resection greater than 50% compromises
joint strength significantly and can lead to segmental instability and kyphosis. In
multilevel laminectomy, even 25% resection of the facet can reduce cervical sta-
bility considerably and require fusion [189].

Laminectomy and Instrumented Fusion

Instrumented fusion

prevents postoperative

deformity and instability

The main drawbacks of laminectomies are progressive postoperative deformity
and instability, which may subsequently lead to neurological deterioration [109,
135, 257, 299]. These limitations can be overcome by additional instrumented
fusion. Most commonly lateral mass screw fixation is used allowing for a good
biomechanical stability of the decompressed segments and a high rate of solid
fusion [71, 121]. The technique of screw insertion is reviewed in Chapter 13 .
With proper technique the risk of complications (vertebral artery or nerve root
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injury) is minimal [71, 79, 121]. Pedicle cervical screw fixation (see Chapter 13 )
is an alternative but is rarely needed in degenerative disorders with good bone
quality [1, 2]. For cases in which correction of a kyphotic deformity is attempted,
pedicle screw fixation is advisable for better bony purchase [3].

Posterior Foraminotomy

Posterior foraminotomy

remains a valid treatment

alternative for CSR

A posterior foraminotomy for the treatment of cervical nerve root compression
was first described by Frykholm [88] (Fig. 7) and subsequently by Scoville [249]
and Murphey [182]. Despite favorable results [122, 305], this approach fell out of
favor because of the limitations of treating anterior neural compression of

a b

c d

Figure 7. Technique of posterior foraminotomy (Frykholm)

The spine is exposed by a unilateral posterior approach. Tubular retractors allow collateral damage to the neck muscles
to be minimized. a A high-speed diamond burr is used to create a keyhole laminotomy exposing the exiting nerve root.
b After resection of the ligamentum flavum, epidural veins may become visible which may require coagulation (low-
energy bipolar). c The exiting nerve root can gently be lifted cranially to expose the underlying pathology (disc hernia-
tion, spur). d The disc herniation or spur can be removed with a rongeur or curette.
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median pathology. Many surgeons therefore prefer the anterior approach with
discectomy and osteophytectomy in conjunction with interbody fusion. How-
ever, posterior foraminotomy remains a valid option in cases with CSR predom-
inantly caused by lateral recess stenosis and lateral disc herniations [159, 161].
The muscles of the neck are rich in proprioceptors that send afferents directly to
the vestibular and optical neurons controlling head position on the trunk [148,
213]. This can be the major cause of postoperative persistent neck pain.

Access technology makes

the posterior approach

appealing

Recently, minimally invasive procedures were introduced to minimize the
trauma to the neck muscles avoiding detachment of the extensor cervical mus-
cles from the lamina and spinous process [82]. Burke and Caputy [43] reported
on a microendoscopic technique through a transmuscular access with only sep-
aration and dilatation of the muscles. Boehm et al. [30] used a working channel
of an outer diameter of 11 mm to expose the interlaminar-facet region and
reported favorable results with this technique. Clarke et al. [59] have shown that
posterior foraminotomy is associated with a low rate of same- and adjacent-seg-
ment disease.

Laminoplasty

The potential destabilization, sagittal malalignment (kyphosis) and the lack of
spinal cord protection subsequent to multilevel cervical laminectomy led Japa-
nese surgeons to develop cervical laminoplasty techniques [127]. Accordingly,
the general advantages of laminoplasty are to [297]:

) expand the spinal canal
) secure spinal cord protection
) maintain spinal stability
) preserve spinal mobility
) decrease the risk of adjacent segment degeneration

Laminoplasty has

predominantly been

developed to treat OPLL

Hirabayashi introduced a new surgical technique called “expansive open-door
laminoplasty” which is still widely used today [126–128]. As an alternative, the
“French open-door laminoplasty” was introduced by Hoshi and Kurokawa [129].
Although numerous surgical modifications [117, 137, 147, 165, 174] have been
suggested, the basic concept of most of the procedures is similar to one of these
two techniques (Fig. 8).

The benefits of laminoplasty

are not well supported

A recent critical review concluded that the literature has yet to support the
purported benefits of laminoplasty [225]. Ratcliff and Cooper [225] concluded
that neurological outcome and change in spinal alignment appear to be similar
after laminectomy and laminoplasty. Patients treated with laminoplasty appear
to develop progressive limitation of cervical range of motion (ROM) similar to
that seen after laminectomy and fusion. However, data is lacking on the role of
laminoplasty in young individuals with cervical myelopathy due to a congenitally
narrow spinal canal and where multilevel decompression and instrumented
fusion is not a favorable alternative.

Surgical Decision-Making

When considering surgery to treat degenerative cervical disorders, the surgical
strategy must be based on patient as well as morphological factors (Table 8).

The fundamental question

remains “when to operate

and when not to”

Radiographic alterations are common in asymptomatic patients [29]. The
most important factor in patient selection therefore is that clinical and morpho-
logical findings must match to obtain a satisfactory outcome. Innumerable arti-
cles cover the outcome of surgical treatment for degenerative cervical disorders.
Almost all articles cover technical aspects, and safety and early clinical results
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Figure 8. Laminoplasty techniques

a Expansive open-door laminoplasty according to Hirabayashi [127]. The opened lamina is fixed with a suture through
the inferior articular process. b Hemilateral open-door laminoplasty with interposition of a bone graft and fixation
according to Itoh [137]. c Alternative fixation with an AO small fragment reconstruction plate. d French open-door lami-
noplasty according to Hoshi and Kurokawa [129]. Intraspinous insertion of a bone block and fixation with a suture or cer-
clage wire.

Table 8. Decision factors for surgical strategy

Clinical factors Morphological factors

) predominant symptoms (neck pain vs. arm pain) ) presence of neural compression
) presence of radicular symptoms ) extent and localization of neural compression
) presence of myelopathic symptoms ) soft vs. hard compression
) severity and duration of symptoms ) segmental instability
) onset of symptoms (acute, insidious) ) spinal deformity (kyphosis)
) age ) number of levels involved
) general patient condition ) spinal canal width
) comorbidities ) spinal cord MR signal changes
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without adequate control groups. Many of the anecdotal studies incorporated a
whole variety of indications, which limits conclusions on degenerative cervical
disorders. However, when the scientific literature is reduced to Level A recom-
mendations (i.e. consistent evidence in multiple high-quality RCTs, Level I evi-
dence), only very few RCTs can be identified. The fundamental question regard-
ing treatment option is always related to the choice between surgery and non-
operative care. However, the literature is equally sparse on such comparisons.
These findings greatly limit treatment recommendations. In this section, we
therefore try to provide as best evidence-enhanced rather than evidence-based
treatment recommendations and the reader should acknowledge this limita-
tion.

Neck Pain

Scientific evidence for the

effectiveness of neck pain

surgery is poor

Axial neck pain is multifactorial and often lacking a structural correlate which
can be treated by surgery. Therefore, surgery for neck pain is rarely indicated [15,
223, 291].

However, a certain subset of these patients present with atypical radicular pain
particularly when upper nerve roots are involved and may benefit from surgery.
In this setting, compression of the C4 nerve root has been recognized as a source
of neck pain which was successfully treated by surgery [139].

In patients with severe, disabling neck pain who failed an adequate trial of
conservative care, the indication for surgery can be explored by using detailed
imaging and injection studies [223]. However, the identification of the pain
source and painful levels (e.g. by discography or facet joint blocks) remains chal-
lenging and often unreliable [64, 107, 150, 200, 256]. Treatment of axial neck pain
by fusion is only supported by a few cohort studies [65, 92, 138, 200, 224, 290,
307]. Of note, neck pain alone as the presenting symptom is listed as one of the
current contraindications for TDA [11].

Rarely, patients present with severe osteoarthritis at the craniocervical junc-
tion (Fig. 2d), which may necessitate fusion. In selected cases, fusion can result in
a significant improvement [284].

Cervical Radiculopathy

Conservative care compares

favorably to surgery

for CSR

Only one study so far systematically compared non-operative treatment and sur-
gery for radiculopathy [86]. In the prospective study by Persson et al. [211, 212],
81 patients were included who presented with cervicobrachial pain of at least
3 months duration due to spondylotic encroachment with or without an addi-
tional bulging disc. The patients were divided into three treatment arms, i.e. sur-
gery (Cloward technique), individually adapted physiotherapy or cervical collar.
Pain intensity, muscle weakness and sensory loss can be expected to improve
within a few months after surgery. Although a short-term benefit for the surgi-
cally treated patients was noted, there was no difference in visual analogue scale,
Sickness Impact Profile, and Mood Adjective Check List measurements among
the groups at 1 year follow-up. The authors concluded that cervical collar, physio-
therapy, or surgery are equally effective in the treatment of patients with long-
lasting cervical radicular pain.

ACDF remains the gold

standard for treatment

of CSR

In some patients, however, radicular symptoms are so severe or persistent
despite non-operative care that they opt for a surgical solution. Regarding the cur-
rent literature, ACDF still remains the gold standard for surgical treatment [45].

There is no evidence that additional anterior plate fixation influences clinical
outcome for one-level disease [105, 244, 309] and limited evidence that anterior
plating increases the fusion rate for two-level disease [47, 94, 146, 280, 281]. The
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Cage fusion and TDA are

superior to ACDF only

regarding donor site pain

evidence for the superiority of cage fusions [111, 210, 233, 273] or TDA [23, 179,
184, 243] compared to ACDF is lacking except in terms of iliac crest donor site
pain. Particularly, the superiority of TDA in terms of adjacent segment degenera-
tion studies remains unproven.

Minimally invasive decompressions (anterior or posterior) for the treatment
of selected radiculopathy patients [30, 43, 140, 240, 241] remain intriguing
because they preserve segmental motion and do not require instrumentation
(potential cost-effectiveness). But, so far, scientific evidence is lacking for their
role in the treatment of cervical radiculopathy.

Treatment outcome

is primarily dependent on

nerve root decompression

In general, the treatment outcome of surgical treatment of cervical radiculo-
pathy is favorable with good to excellent results in 83–97% [33, 96, 102, 110] and
primarily dependent on the nerve root decompression and not so much on the
specific surgical technique.

Cervical Spondylotic Myelopathy

There is no evidence against

surgery in moderate

to severe CSM cases

It is not known whether surgery results in better results than conservative care in
mild to moderate CSM [142]. In a prospective study, Kadanka et al. [142] ran-
domized 48 patients with mild to moderate CSM into a conservative and an oper-
ative arm. There was no significant deterioration in modified JOA score, recovery
ratio, or timed 10-m walk within either group during the 2 years of follow-up.
The authors concluded that surgical treatment of mild and moderate forms of
CSM, consisting of patients with no or very slow, insidious progression and a rel-
atively long duration of symptoms, was not superior to conservative care [142].
However, there is no controversy as to whether severe or progressive CSM should
be treated by decompression [22, 223].

The goal of surgery

is to completely decompress

the spinal cord

The primary surgical objective in CSM is the arrest or improvement of neuro-
logical deficits by spinal cord decompression. In a prospective, multicenter non-
randomized study, surgically treated patients had a significant improvement in
functional status and overall pain, with improvement also observed in neurolog-
ical symptoms [239]. Conservatively treated patients had a significant worsening
of their ability to perform activities of daily living, with worsening of neurologi-
cal symptoms [239]. A meta-analysis of more than 2000 patients treated by lami-
noplasty revealed a mean improvement rate of 80% [225].

The choice of the surgical

technique is dependent

on the target pathology

and patient characteristics

The decompression of the spinal cord can be achieved either by:

) anterior approach (multilevel ACDF or corpectomy ± plate fixation)
) posterior approach (laminoplasty, laminectomy ± instrumented fusion)
) combined anterior/posterior approach

Corpectomy and anteropo-

sterior instrumented fusion

results in a reliable outcome

Although innumerable studies have been reported for each of these approaches,
the scientific evidence for treatment recommendations remains limited. Only a
few studies have provided some evidence which is helpful for surgical decision-
making. There is moderate evidence that multilevel ACDFs are associated with a
high non-union rate [33, 49, 78] and limited evidence that corpectomies result in
a lower non-union rate for multilevel decompression [263]. In three and more
level ACDFs or corpectomies, anterior plate fixation does not suffice [136, 242,
270, 281] and additional posterior fixation is recommended [73, 93, 162, 226].
There is limited evidence that both multilevel corpectomy and laminoplasty are
equally effective in arresting myelopathic progression in multilevel cervical mye-
lopathy and can lead to significant neurological recovery and pain reduction in a
majority of patients [72]. The neurological recovery appears not to be dependent
on the laminoplasty technique [225]. However, there is limited evidence that
patients treated with laminoplasty develop progressive limitation of cervical
ROM similar to that seen after laminectomy and fusion [225].

462 Section Degenerative Disorders



Factors Affecting Outcome

Spinal canal dimensions

and signal intensity changes

predict outcome

The outcome of surgery appears to be critically dependent on the extent of the
spinal canal stenosis and cord compression. Yamazaki et al. [294] analyzed the
prognostic factors by comparing younger and elderly patient groups on the basis
of preoperative radiological and clinical data. The authors found that for elderly
patients, the transverse area of the spinal cord at the level of maximum compres-
sion and symptom duration were the factors that predicted an excellent recovery.
In younger patients, the transverse area was the only predictor of excellent recov-
ery. Age, preoperative JOA score, canal diameter, and an intensity change on the
spinal cord were not predictive in either age range [294]. Fujiwara et al. [89]
showed that the transverse cord area at the site of maximum compression corre-
lates significantly with the results of surgery. In most patients with less than
30 mm2 of spinal cord area, the results are poor. Patients with high intramedul-
lary signal change on T2W images who do not have clonus or spasticity may
experience a good surgical outcome and may have reversal of the MRI abnormal-
ity [6]. A less favorable surgical outcome is predicted by the presence of low intra-
medullary signal on T1W images, clonus, or spasticity [6]. Based on these find-
ings, Alafifiet et al. [6] suggested that there may be a window of opportunity for
obtaining optimal surgical outcomes in patients with CSM. Yonenobu [297] has
indicated that surgery performed too late in a stage with already severe myelopa-
thy generally had a poor prognosis and therefore advocates early surgery.

Staged combined anterior/

posterior decompression

for myelopathy is safer

Some debate continues on the question of whether combined anterior/poste-
rior surgery to decompress moderate to severe myelopathy should be done
staged or in one surgery [180]. There is no evidence to support one approach
over the other. Anecdotally, we have seen patients admitted to our spinal cord
injury unit who experience substantial neurological deterioration after com-
bined surgery. We therefore recommend performing anterior/posterior spinal
cord decompression staged in moderate to severe myelopathy cases to minimize
edema and allow blood supply to the spinal cord to readapt between the surger-
ies.

Complications

A comprehensive review of complications is provided in Chapter 39 . In general,
complications of surgery for CSR and CSM are uncommon but can include [45,
85, 306]:

) cerebrospinal fluid leak (0.2–0.5%)
) recurrent laryngeal nerve injury (0.8–3.1%)
) dysphagia (0.02–9.5%)
) Horner’s syndrome (0.02–1.1)
) cervical nerve root injury (0.2–3.3%)
) hematoma (0.2–5.6%)
) tetraparesis (0.4%)
) death (0.1–0.8%)
) infection (0.1–1.4%)
) esophageal perforations (0.2–0.3%)
) non-union (dependent on technique)
) graft dislodgement/collapse (dependent on technique)
) instrumentation failure (dependent on technique)

Dysphagia is a common

postoperative complication

Dysphagia is a quite frequent symptom after anterior cervical surgery and can be
encountered in up to 50% of cases in the immediate postoperative period [17].
Dysphagia is dependent on the number of levels treated [227]. At 12 months post-
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operatively, however, the rate of moderate to severe dysphagia decreases to about
13% [17]. The etiology of this complication is not fully understood. An injury to
the superior laryngeal nerve has been suggested as a potential cause [131]. Papa-
vero et al. [202] have reported that no correlation exists between the pharynx/
esophagus retraction and postoperative swallowing disturbances.

RLN injury is not dependent

on the approach site

Recurrent laryngeal nerve (RLN) palsy has been reported in 2–11% [223]. In
contrast to common belief, the injury rate does not appear to be related to the
side of the approach [26]. Postoperative laryngoscopy revealed that the true inci-
dence of initial and persisting RLN palsy after anterior cervical spine surgery was
much higher than anticipated [141]. Jung et al. [141] reported that the postopera-
tive rate of clinically symptomatic RLN palsy was 8.3%, and the incidence of RLN
palsy not associated with hoarseness (i.e. clinically unapparent without laryn-
goscopy) was 15.9%. At 3 months postoperatively, these rates decrease to 2.5%
and 10.8%, respectively [141].

C5 radiculopathy is a serious

complication of spinal cord

decompression

An infrequent but serious complication is a postoperative C5 palsy which can
develop in up to 3–5% of patients after posterior decompression surgery partic-
ularly laminoplasty [133, 235]. It has been suggested that this neural compromise
is a result of traction on the short C5 nerve root due to posterior migration of the
cord after posterior decompression [223]. However, a systematic review did not
reveal significant differences between patients undergoing anterior decompres-
sion and fusion and laminoplasty, nor were distinctions apparent between uni-
lateral hinge laminoplasty and French-door laminoplasty, or between cervical
spondylotic myelopathy and ossification of the posterior longitudinal ligament
[235]. The pathogenesis of postoperative C5 palsy remains unclear at the present
time. Patients with postoperative C5 palsy generally have a good prognosis for
functional recovery, but the severely paralyzed cases required significantly lon-
ger recovery times than the mild cases [235].

Recapitulation

Epidemiology. Degenerative changes of the cervi-
cal spine (cervical spondylosis) can result in cervical
disc herniation with radiculopathy, cervical spondy-
lotic radiculopathy (CSR) and myelopathy (CSM).
Degenerative cervical spondylosis is very common
in the aging population but not necessarily associ-
ated with symptoms. The prevalence of neck pain

ranges between 17 % and 34 % in a general popula-
tion. More than half of the adult population suffer
from cervical radiculopathy (CR) at least once in
their lifetime. The C6 and C7 nerve roots are most
frequently affected. Cervical spondylosis more fre-
quently causes CR than disc herniation (3:1). Cervi-

cal spondylotic myelopathy (CSM) is the most
common cause of spinal cord dysfunction in indi-
viduals older than 55 years. A special form of cervi-
cal myelopathy is caused by an ossification of the
posterior longitudinal ligament (OPLL) and is com-
mon in the Asian population.

Pathogenesis. Predominant neck pain can arise
from painful degeneration of the motion segment

and can be attributed to disc degeneration, facet
joint osteoarthritis and segmental instability. In the
vast majority of cases with subaxial neck pain the
correlation of morphological alterations and neck
pain remains weak (non-specific neck pain). Radi-
culopathy due to disc herniation (so-called soft her-
niations) usually occurs during early stages of disc
degeneration in the 4th–5th life decades. Compres-
sive spondylotic spurs usually develop during later
degenerative stages (so-called hard herniations).
Both mechanical and inflammatory processes cause
the clinical syndrome of radiculopathy. CSM is mainly
due to a compression of the spinal cord by osteophy-
tes, calcified disc herniations, yellow ligament hyper-
trophy or OPLL. Mechanical compression and vascu-
lar insufficiency lead to pathobiologic alterations re-
sulting in myelopathy. The clinical manifestation of
CSM depends on the degree of cord compression
and time course of compression. The major risk fac-
tor is a congenitally narrow spinal canal (sagittal di-
ameter < 13 mm). Minor trauma can acutely increase
the compression which the spinal cord cannot toler-
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ate any more, leading to sudden severe neurologi-
cal deficits. Dynamic compression can aggravate
spinal cord compression. Flexion lengthens the spi-
nal cord and extension leads to a buckling of the
ligamentum flavum which results in a bilateral cord
compression (pincer effect). In addition to mechan-
ical compression, vascular factors play a significant
role in the development of myelopathy. Ischemia
and a cascade of cellular and molecular events

(glutamatergic toxicity, free radical cell injuries, and
apoptosis) aggravate the compromise of the spinal
cord. The causes of the OPLL are not well explored
but gene polymorphisms appear to play an essen-
tial role.

Clinical presentation. The clinical assessment aims
to differentiate between patients with specific and

non-specific cervical disorders. Patients quite fre-
quently present with pain syndrome located in the
neck-shoulder-arm region. Neck pain most fre-
quently is non-specific (i.e. without a clear structural
correlate) but can seldomly be part of a so-called
spondylotic syndrome (i.e. painful motion segment
degeneration). The cardinal symptoms of cervical

radiculopathy are a predominant radicular arm pain
with or without sensorimotor and reflex deficits.
Accompanying vegetative symptoms, dizziness,
vertigo and headaches are not uncommon. A thor-
ough neurological examination and nerve root
provocation tests (e.g. Spurling test) are helpful in
diagnosing radiculopathy. Radiculopathy can be
associated with myelopathy because cervical spon-
dylosis not only affects the foramen but also the spi-
nal canal. A myelopathic syndrome can begin very
subtly and can therefore pose a diagnostic chal-
lenge. Patients with cervical myelopathy can pre-
sent with a broad spectrum of signs and symptoms
depending on the magnitude of spinal cord dys-
function and chronicity. The leading symptoms are
numb, clumsy, painful hands and compromised
fine motor skills. Further findings are atrophy of the
interosseous muscles, gait disturbances, ataxia, and
symptoms of progressive tetraparesis.

Diagnostic work-up. Morphological alterations in
imaging studies are frequent in asymptomatic con-
trols, jeopardizing their role in identifying the pain
source. Standard radiographs (anteroposterior, lat-
eral, oblique views) of the cervical spine may give
important information about spinal alignment, spi-
nal curvature, disc space narrowing, spondylophytes,
facet joint osteoarthritis, foraminal stenosis, develop-

mental anomalies, and DISH. Functional radio-

graphs have failed to reliably allow the diagnosis of
segmental instability. Therefore, instability remains a
clinical diagnosis. The imaging modality of choice is
MRI. Sagittal T2W images tend to overestimate the
spinal cord compression, favoring T1W images for
this assessment. MR signal intensity changes repre-
sent structural alterations of the spinal cord and have
some prognostic value for treatment outcome. CT

myelography provides better information than MRI
regarding the relationship between neural compres-
sion by osteophytes or ossifications. Injection stud-

ies (facet joint blocks, discography) do not reliably
allow identification of the pain source. Neurophysio-

logical studies are helpful in differentiating radiculo-
pathy and peripheral neuropathy. Furthermore, they
allow the recognition of subclinical myelopathy.

Non-operative treatment. Most cases of non-spe-
cific acute neck pain resolve within a few days or
weeks. But neck pain frequently recurs and can
become disabling in about 6 % of cases. The natural

history of CSR generally is benign. However, CSR
has a somewhat worse course than disc related
radiculopathy because disc extrusion/sequestra-
tions tend to regress with time while osseous com-
pression tends to increase. The natural history of

CSM has a variable clinical course which is charac-
terized either by long periods of stable disability
followed by episodes of deterioration or a linear
progressive course. In advanced stages, complete
remission to normality never occurs. Non-specific

neck pain and spondylosis related neck pain are
best managed with conservative care because a
clear morphological correlate which could be
addressed by surgery is often missing. In the
absence of major (MRC Grade > 3) or progressive
motor deficits, CSR should be treated with an initial
trial of non-operative care. Persistence of severe
pain and sensorimotor deficits despite adequate
non-operative care should prompt the indication
for surgery in cases with a clear morphological cor-
relate. Non-surgical treatment is only indicated in
mild forms of CSM. In cases with circumferential
spinal cord compression, deterioration under con-
servative care must be expected. The mainstay of

non-surgical care consists of oral medications (e.g.
analgesics, NSAIDs, muscle relaxants, psychotropic
drugs), manipulative treatment, and physical exer-
cises. There is moderate evidence that spinal

manipulative therapy (SMT) and mobilization is
superior to general practitioner management for
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short-term pain reduction of chronic neck pain.
There is limited evidence for the effectiveness of
spinal injections, which are more dangerous than
previously thought. Radiofrequency denervation of
facet joints is only supported by limited evidence.
There is no evidence for the effectiveness of mas-
sage, acupuncture, or electrotherapy.

Operative treatment. In general, patients with pro-
gressive neurological symptoms and those failing
to respond to non-operative treatment should be
considered candidates for surgery. Axial neck pain
is multifactorial and often lacking a structural corre-
late which can be treated by surgery. Therefore, sur-

gery for neck pain is rarely indicated. Anterior cer-
vical discectomy and fusion (ACDF) still remains the
gold standard for surgical treatment of CR. There is
no evidence that additional anterior plate fixation

influences clinical outcome for one-level disease
and only limited evidence for the increase of the
fusion rate for two-level disease. Similarly, there is
no evidence for the superiority of cage fusions or
total disc arthroplasty (TDA) compared to ACDF
with the exception of iliac crest donor site pain.
Minimally invasive decompressions (anterior or
posterior) for the treatment of selected radiculopa-
thy patients remain intriguing because they pre-
serve segmental motion and do not require instru-
mentation. The outcome of surgery for CR is largely
dependent on the successful decompression of the
nerve root(s) and not per se on the chosen surgical
technique. The primary surgical objective in CSM

is to arrest or improve neurological deficits by spi-

nal cord decompression, which is possible in about
80 % of patients depending on the disease state.
Spinal decompression can be achieved by (multi-
level) ACDF, corpectomy, laminectomy or lamino-
plasty. The surgical techniques must be tailored to
the target pathology. There is moderate evidence
that multilevel ACDFs are associated with a high
non-union rate and limited evidence that corporec-

tomies result in a lower non-union rate for multi-
level decompression. In three and more level
ACDFs or corpectomies, anterior plate fixation

does not suffice and additional posterior fixation is
recommended. There is limited evidence that both
multilevel corpectomy and laminoplasty are
equally effective in arresting myelopathic progres-
sion in multilevel cervical myelopathy. Patients
treated with laminoplasty develop progressive lim-
itation of cervical ROM similar to that seen after
laminectomy and fusion. The neurological recovery
appears not to be dependent on the decompres-
sion technique but spinal canal dimensions and MR
signal intensity changes of the spinal cord are
strong predictors of surgical outcome. Dysphagia

is a quite frequent symptom after anterior cervical
surgery and can be encountered in up to 50 % of
cases in the immediate postoperative period. How-
ever, most patients (90 %) recover within 1 year
after surgery. Recurrent laryngeal nerve (RLN)

injury is reported in 2 – 11 % and independently of
the approach site. An infrequent but serious com-
plication is a postoperative C5 palsy which can
develop in up to 3 – 5 % of patients after posterior
decompression surgery, particularly laminoplasty.

Key Articles

Baptiste DC, Fehlings MG (2006) Pathophysiology of cervical myelopathy. Spine J 6(6
Suppl):190S–197S
Excellent review of the current knowledge of the pathophysiology of cervical myelo-
pathy.

Gross AR, Goldsmith C, Hoving JL, Haines T, Peloso P, Aker P, Santaguida P, Myers C
(2007) Conservative management of mechanical neck disorders: a systematic review.
J Rheumatol 34:1083–102
This comprehensive review noted strong evidence for the benefit of exercise plus mobili-
zation/manipulation in the treatment of subacute/chronic mechanical neck pain. There
was moderate evidence for the long-term benefit of direct neck strengthening and
stretching exercises for chronic neck pain. Many other treatments only demonstrated
short-term effects.

Persson LC, Carlsson CA, Carlsson JY (1997) Long-lasting cervical radicular pain man-
aged with surgery, physiotherapy, or a cervical collar. A prospective, randomized study.
Spine 22:751–8
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Persson LC, Moritz U, Brandt L, et al. (1997) Cervical radiculopathy: pain, muscle weak-
ness and sensory loss in patients with cervical radiculopathy treated with surgery, phys-
iotherapy or cervical collar. A prospective, controlled study. Eur Spine J 6:256–66
In this prospective study on 81 patients with cervical spondylotic radiculopathy, the
authors found that a cervical collar, physiotherapy, or surgery were equally effective in
the long term. However, better short-term pain relief was noted for the surgically treated
patients.

Robinson RA, Smith GW (1955) Anterolateral cervical disc removal and interbody
fusion for cervical disc syndrome. Bull Johns Hopkins Hosp 96:223
Smith GW, Robinson RA (1958) The treatment of certain cervical-spine disorders by
anterior removal of the intervertebral disc and interbody fusion. J Bone Joint Surg Am
40-A:607–24
Cloward RB (1958) The anterior approach for removal of ruptured cervical disks. J Neu-
rosurg 15:602–17
Classic articles on the technique of anterior cervical discectomy and fusion.

Frykholm R (1951) Cervical nerve root compression resulting from disc degeneration
and root-sleeve fibrosis. A clinical investigation. Acta Orthop Scand (Suppl) 160:1–149
Classic article on the techniques of posterior foraminotomy.

Bohlman HH, Emery SE, Goodfellow DB, Jones PK (1993) Robinson anterior cervical
discectomy and arthrodesis for cervical radiculopathy. Long-term follow-up of one hun-
dred and twenty-two patients. J Bone Joint Surg (Am) 75-A:1298–1307
In this classic case series, Bohlman et al. demonstrated that the fusion results of ACDF are
critically dependent on the amount of levels fused. The fusion rates for one, two and mul-
tilevel fusions were 89%, 73% and 67%, respectively.

Savolainen S, Rinne J, Hernesniemi J (1998) A prospective randomized study of anterior
single-level cervical disc operations with long-term follow-up: surgical fusion is unnec-
essary. Neurosurgery 43:51–5
In this RCT, the authors demonstrated that the radiological results indicated that com-
plete bony union was achieved in almost all cases at 4 years of follow-up. A slight kyphosis
developed in 62.5% of the patients who had undergone discectomy, 40% of the patients
who had undergone fusion, and 44% of the patients who had undergone fusion plus plat-
ing. The clinical outcomes were good for 76% of the patients who had undergone discec-
tomy, 82% who had undergone fusion, and 73% who had undergone fusion plus plating.
The authors concluded that satisfactory results can be achieved by performing simple
discectomy to treat single-level cervical root compressive disease.

Grob D, Peyer JV, Dvorak J (2001) The use of plate fixation in anterior surgery of the
degenerative cervical spine: a comparative prospective clinical study. Eur Spine J 10:
408–13
In this small RCT, the authors demonstrated that outcome and fusion rates of one- and
two-level fusion were independent of anterior plating.

Wang JC, McDonough PW, Endow KK, Delamarter RB (2000) Increased fusion rates with
cervical plating for two-level anterior cervical discectomy and fusion. Spine 25:41–5
This study demonstrates the benefits of anterior plating for three-level fusions on the
radiological outcome. However, the study also indicated that a three-level procedure is
still associated with a high non-union rate and additional posterior fusion may be indi-
cated in these cases.

Kadanka Z, Bednarik J, Vohanka S, Vlach O, Stejskal L, Chaloupka R, Filipovicova D,
Surelova D, Adamova B, Novotny O, Nemec M, Smrcka V, Urbanek I (2000) Conservative
treatment versus surgery in spondylotic cervical myelopathy: a prospective randomised
study. Eur Spine J 9:538–44
In a prospective randomized study, the authors compared the conservative and operative
treatment of 48 patients with mild and moderate forms of cervical spondylotic myelopa-
thy (CSM). The authors concluded that surgical treatment of mild to moderate forms of
CSM in the present study design, comprising patients with no or very slow, insidious pro-
gression and a relatively long duration of symptoms, did not show better results than con-
servative treatment at 2-year follow-up.
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Hirabayashi K, Miyakawa J, Satomi K, Maruyama T, Wakano K (1981) Operative results
and postoperative progression of ossification among patients with ossification of cervi-
cal posterior longitudinal ligament. Spine 6:354–64
Classic article on the technique of laminoplasty.

Edwards CC, 2nd, Heller JG, Murakami H (2002) Corpectomy versus laminoplasty for
multilevel cervical myelopathy: an independent matched-cohort analysis. Spine
27:1168–75
In this matched cohort study, the authors demonstrated that both multilevel corpectomy
and laminoplasty reliably arrest myelopathic progression in multilevel cervical myelopa-
thy. Significant neurological recovery and pain reduction can be expected in a majority of
patients. The authors suggested that laminoplasty may be the preferred method of treat-
ment for multilevel cervical myelopathy in the absence of preoperative kyphosis.

Ratliff JK, Cooper PR (2003) Cervical laminoplasty: a critical review. J Neurosurg 98:
230–8
The authors conducted a metaanalysis on laminoplasty including more than 2000
patients from 71 studies. Twenty-three papers provided data on the percentage of patients
improving (mean approximately 80%). The recovery was independent of the technique.
A postoperative deterioration of cervical alignment was found in approximately 35%,
and 10% developed postoperative kyphosis in the long term. In the long-term follow-up,
progressive loss of cervical ROM was observed. Final ROM appears to be similar to that
seen in patients who had undergone laminectomy and fusion. In only seven articles were
the rates of postoperative axial neck pain quantified, noting an incidence between 6%
and 60%. In approximately 8% of patients, C5 nerve root dysfunction was reported (in 12
articles).
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Disc Herniation and Radiculopathy

Massimo Leonardi, Norbert Boos

Core Messages

✔ Lumbar disc herniation is most frequently
found in the 3rd and 4th decades of life at the
level of L4/5 and L5/S1

✔ The cardinal symptom of lumbar disc hernia-
tion is radicular leg pain with or without a sen-
sorimotor deficit of the affected nerve root

✔ The radiculopathy is not only caused by a
mechanical compression of the nerve root but
also by an inflammatory process caused by
nucleus pulposus tissue

✔ MRI is the imaging modality of choice for the
diagnosis of disc herniation

✔ In contrast to large disc extrusion and seques-
trations, disc protrusions are frequently found
in asymptomatic individuals

✔ The best discriminator of symptomatic and
asymptomatic disc herniation is nerve root
compromise

✔ The natural history of lumbar radiculopathy is
benign

✔ Mild radiculopathy responds well to non-opera-
tive treatment, but surgical treatment results in
better short-term results in selected patients

✔ Severe radiculopathy responds poorly to non-op-
erative treatment and should be treated surgically

✔ With the exception of chemonucleolysis, none
of the minimally invasive surgical techniques
has been shown to provide a better outcome
than conservative treatment

✔ The surgical treatment of choice is an open
standard interlaminar discectomy or microsur-
gical discectomy

✔ Cauda equina syndromes require an emergency
decompression and should be treated by com-
plete laminectomy and wide decompression

✔ The surgical results are crucially dependent on
patient selection

✔ There is increasing scientific evidence that sur-
gically treated patients have a better short term
outcome than patients treated non-operatively

Epidemiology

Sciatica has been known

since antiquity

Sciatica has been known since antiquity, but the relationship between sciatica
and disc herniation was not discovered until the beginning of the 20th century. In
1934, Mixter and Barr were the first to describe this correlation in their landmark
paper [95]. At that time, herniated discs were removed by a transdural approach.
In 1939, Love [84] and Semmes [122] independently developed the classic
approach, which consisted of a subtotal laminectomy and retraction of the thecal
sac medially to expose and remove the disc herniation [5]. Herniated nucleus

A herniation is a focal dis-

placement of disc material

beyond the vertebral body

margins

pulposus (HNP) used to be synonymous with disc herniation, but the definition
of disc herniation today is wider. A disc herniation can be defined as a focal dis-
placement of nuclear, annular, or endplate material beyond the margins of the
adjacent vertebral bodies. As a result of the displacement of the disc material,
there is a focal contour abnormality of the disc margin [52].

Among a cohort of 2077 employees in Finland who had no sciatic pain at base-
line, 194 (9%) experienced sciatic pain during a 1-year follow-up period. Women
and men had an equal risk of suffering from sciatic pain, but the incidence
increased with age. Smokers who have smoked for more than 15 years and sub-
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Case Introduction

A 42-year-old mother of two young children
developed severe leg pain without a previous
episode of back pain. Within one week, the leg
pain increased and the patient developed a
mild sensorimotor deficit of S1. At the time of
presentation 4 weeks later, the patient still
complained of incapacitating leg pain. T2
weighted MR images (a, b) show a large disc
extrusion compressing the left S1 nerve root.
The patient did not want surgery because of
her family situation. A nerve root block (c) was
done with an injection of corticosteroids and
local anesthetics which resulted in a regression
of the severe pain within 3 days. The motor deficit recovered completely during a 3-month period. At one year follow-up,
the patient only occasionally had back pain without sciatica. However, she desired to have a repeat MRI scan for progno-
sis. Follow-up MR images (d, e) demonstrate a resolution of the large herniation.

jects with mental stress are at risk from developing sciatic pain [94]. In surveys
done in the 1950s, 40% of men and 35% of women older than 34 years experi-
enced a history of low back and leg pain [79]. In a Swedish sample of 15- to 71-
year-old females, sciatica was reported in 13.8% [53]. In a Danish population of

The annual incidence

of sciatica is about 5 – 10 %

4753 men aged 40–59 years, 11% experienced sciatica during 1 year of observa-
tion [49]. Bell and Rothman found prevalences of sciatic pain in a population
older than 35 years of 4.8% in men and 2.5% in women [17]. The first episode of
sciatic pain was at an average age of 37 years, with precipitating low back pain in
76% of these patients a decade earlier [17]. In a study by Waddell on about 900
patients with low back pain, 70% also complained of leg pain. Of these, 23% had
leg pain that was characterized as true radicular pain [141]. The epidemiology of
cauda equina and conus medullaris lesions is not well known. In a study of
cauda equina/conus medullaris lesions, an annual incidence rate of 3.4/1.5 per
million, and period prevalence of 8.9/4.5 per 100000 population, were calculated
[110].

The prevalence of

asymptomatic thoracic disc

herniations is as high

as in the lumbar spine

In contrast to lumbar disc herniation, symptomatic thoracic disc herniations
are rare. An incidence of 0.25–0.75% of protruded discs is found in the thoracic
region. A peak incidence is noted in the 4th decade with 75% of the protruded
discs occurring below T8. However, the prevalence of asymptomatic disc hernia-
tions is high [150, 153].

Discectomy is the most

frequently performed

spinal surgery

Lumbar disc herniation is the pathologic condition for which spinal surgery is
most often performed. In a computer aided analysis of 2504 operations for disc
herniation, Spangfort [128] reported that the average age was 40.8 years (range,
15–74 years). Males were operated on more than twice as often as female patients
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(sex ratio 2:1). Surgery was done most often at the level of L5/S1 (50.5%) and L4/5
(47.5%) [128].

Discectomy rates exhibit

strong geographic

variations

The incidence of disc surgery is 160/100000 inhabitants in the United States
and 62/100000 in Switzerland, indicating large geographic variations [6, 18, 144,
145]. Five- to 15-fold variations in the surgery rates have been documented in
geographically adjacent small areas, between large regions of the United States,
and in other Western countries [11, 34].

Pathogenesis

Lumbar intervertebral disc herniation typically occurs as a result of age-related
changes within the extracellular matrix of the intervertebral disc, which can lead
to a weakening of the anulus fibrosus, making it susceptible to fissuring and tear-
ing (see Chapter 4 ).

Risk Factors

Andersson [7] has emphasized that the identification of risk factors in low back
pain and sciatica is hampered by methodological limitations. In the pre-MRI era,
sciatica was used synonymously with disc herniation and radiculopathy. Image
verification most often was not available. Therefore, many epidemiologic studies
are confounded by the missing proof of a disc herniation in sciatica. Neverthe- Occupational physical

factors increase the risk

of disc herniation

less, several occupational factors are believed to be associated with an increased
risk of sciatica and disc herniation:

) frequent heavy lifting [66, 96]
) frequent twisting and bending [96]
) exposure to vibration [65, 66]
) sedentary activity [65]
) driving [67]

A more comprehensive analysis of risk factors, however, showed that, e.g., pro-
fessional driving, was not associated with any overall tendency for greater degen-
eration or pathology in occupational drivers in a case control twin study [16].
Battié and Videman have demonstrated in studies of Finnish monozygotic twins
that heredity has a dominant role in disc degeneration and would explain the var-
iance of up to 74% seen in adult populations [15]. The studies by Heikkilä et al.
[51] and Masui et al. [91] support the strong influence of genetic disposition in
disc herniation and sciatica. It can be deduced that the role of the aforementioned
classic occupational risk factors was overestimated and they are assumed only to
play a minor modulating role.

Controversy continues with regard to the occurrence of traumatic disc herni-
ations. However, true traumatic disc herniation is extremely rare without addi-
tional severe injuries such as vertebral fractures or ligamentous injuries [1, 3, 44,

True traumatic disc

herniations are very rare

in a clinical setting

107]. In an in vitro biomechanical study, a disc protrusion could be produced as
a result of a hyperflexion injury [2]. We recommend being very tentative using
the term “traumatic disc herniation” because the injury frequently affects a
motion segment which already exhibits age-related (degenerative) changes.

The clinical syndrome of sciatica is a direct result of the effect of the disc her-
niation on the adjacent nerve root. This leads to radiculopathy, which is charac-
terized by radiating pain following a dermatomal distribution. This symptom
can be accompanied by nerve root root tension signs and a sensorimotor deficit
(nerve dysfunction).
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Radiculopathy

The pathophysiology of radiculopathy caused by a herniated disc is still not
completely understood. In the last decade, substantial progress was gained in our

Both mechanical compres-

sion and chemical irritation

lead to radiculopathy

understanding of disc-related radiculopathy [103]. Today, there is evidence that
sciatica involves a compromise of the nerve root both in terms of mechanical
deformation and chemical irritation (Fig. 1).

Mechanical Deformation

The extent of the nerve root compromise by mechanical deformation is a result of
several effects:

) impaired blood supply
) edema
) onset of compression (rapid or slow progression)
) compromised CSF-related nutritional fluid flow
) level of compression (one or multiple)

Olmarker et al. demonstrated in an experimental model of the pig cauda equina
that there was a significant correlation between the systemic blood pressure and
the pressure required to stop the flow in the nerve root arterioles [105]. In nerve

Nerve root compression

leads to intraneural edema

roots exposed to significant compression, an intraneural edema developed. Olmar-
ker et al. [104] further demonstrated that a rapid onset of compression induced
more pronounced effects than a slow onset at corresponding pressure levels. The
authors assumed that this observed difference may be related to the magnitude of
intraneural edema formed outside the compression zone. The results also indicate
that the nutritional transport might be impaired at very low pressure levels and
that diffusion from adjacent tissues with a better nutritional supply, including the
cerebrospinal fluid, may not fully compensate for any compression-induced impair-

Figure 1. Pathophysiology of radiculopathy

Modified from Rydevik and Garfin [118].
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ment of the intraneural blood flow [104]. In a subsequent study, Takahashi et al.
[133] showed that double-level compression of the cauda equina induces impair-
ment of blood flow, not only at the compression sites, but also in the intermediate
nerve segments located between two compression sites, even at very low pressures.

Nerve root compression

is not necessarily painful

In 1947, Inman and Saunders [57] realized that the concept that sciatica is
caused solely by compression of the nerve root is not based on experimental evi-
dence. In a clinical study on patients with disc herniation, Smyth and Wright [127]
passed a nylon strip around the involved nerve root and brought its two ends to
the surface. With this setup, the authors were able to show that the affected nerve
root remains hypersensitive and causes pain when gently pulling at the ends of the
nylon strips. Later, Kuslich et al. [75] demonstrated in a less traumatic approach
that only the compressed nerve root consistently produces sciatica, while the nor-
mal, uncompressed, or unstretched nerve root was completely insensitive without
causing pain. These clinical observations [75] were corroborated by an in vivo
model which showed that ligation of the nerve root per se does not cause pain.
Only the use of irritant gut suture material made the mechanical injury painful
[63, 64]. It was hypothesized that chemical factors from the chromic gut play a
role in the pathophysiology and development of lumbar radiculopathy [63].

Chemical Irritation

Chemical irritation plays

a decisive role in sciatica

The involvement of a chemical irritation in the pathophysiology of sciatica has
been suspected for many years [37, 88, 89]. First evidence of the inflammatory
properties of nucleus pulposus was presented by McCarron et al. [92]. In a study
on dogs, nucleus pulposus material was applied in the epidural space and
resulted in inflammatory alterations. Olmarker et al. [106] demonstrated in a pig
model that epidural application of autologous nucleus pulposus without
mechanical compression induces nerve tissue injury by mechanisms other than
mechanical compression. Such mechanisms are based on the direct biochemical
effects of nucleus pulposus components on nerve fiber structure and function
and microvascular changes including inflammatory reactions in the nerve [106].
In subsequent studies, the same researcher showed that the epidural application
of nucleus pulposus causes proinflammatory reactions as indicated by leukotaxis
and an increase in vascular permeability [100], results in an increased endone-
urial fluid pressure and decreased blood flow in the dorsal root ganglia [154], and
leads to morphologic changes in terms of minor axonal and Schwann cell damage
[28]. Membrane-bound structures and substances of nucleus pulposus cells are
responsible for axonal changes, a characteristic myelin injury, increased vascular
permeability, and intravascular coagulation. These effects have been found to be
efficiently blocked by methylprednisolone [101].

Proinflammatory Cytokines

TNF [ plays a dominant role

in the generation of sciatica

In searching for the pathophysiologic mechanisms of chemical irritation, the role
of several substances and proinflammatory cytokines was explored [103], i.e.:

) hydrogen [37]
) nitric oxide (NO) [62]
) phospholipase (PL) A2 and E2 [62, 119]
) tumor necrosis factor (TNF) [ [102]
) interleukin (IL)-1 q and IL-6 [10, 62]

Of these mediators of inflammation, TNF [ plays a dominant role in the cascade
leading to the clinical symptom of sciatica [102]. Olmarker et al. [102] first
showed that TNF [ has been linked to the nucleus-pulposus-induced effects of
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nerve roots after local application. Exogenous TNF [ also produced neuropath-
ologic changes and behavior deficits that mimicked experimental studies with
herniated nucleus pulposus applied to nerve roots [55]. Olmarker et al. [102]

Anti-TNF treatment is an

intriguing approach

to treating radiculopathy

also showed that a selective antibody to TNF� limited the deleterious effect of
nucleus pulposus on the nerve root. Furthermore, it was shown that a se-
lective inhibition of TNF [ prevents nucleus-pulposus-induced histologic
changes in the dorsal root ganglion [99]. The same researchers demonstrated
in a subsequent study that an increase in the concentration of TNF [ applied
to the nerve root induced allodynia and hyperalgesia responses [98]. These
experimental findings justified the application of TNF [ inhibitors in a clinical
setting to treat sciatica [103]. Although preliminary studies were intriguing
[70, 72], a randomized trial did not demonstrate results in favor of this treat-
ment [71].

Clinical Presentation

History

Most lumbar disc herniations occur between 30 and 50 years of age. Low back
pain may or may not be present in the medical history of the patient. Frequently,
the patients report an acute episode with back pain which radiates increasingly
into one leg within hours or a few days. With further persistence of the symp-
toms, patients exclusively or predominantly complain of leg pain.

The cardinal symptoms of a symptomatic disc herniation are:

The cardinal symptoms of

disc herniation are radicular

leg pain with or without

a sensorimotor deficit

) radicular leg pain
) sensory loss
) motor weakness

These symptoms must correspond to the respective dermatome and myotome of
the compromised nerve root to allow for a conclusive diagnosis.

Additional but less frequent findings may be:

) paresthesia in the affected dermatome
) radicular pain provoked by pressing, sneezing or pressing
) pain relief in supine position with hips and knees flexed
) previous episodes of acute back pain

In contrast to adults, back

pain can be the prevailing

symptom in children

Symptoms in children and adolescents can differ significantly from those of
adults [135, 157]. In this young age group, patients often present with:

) predominant back pain
) radicular or pseudoradicular leg pain
) hamstring tightness
) difficulties stooping and picking up things
) restriction in running and jumping
) diminished stride

Patients infrequently present with a massive disc herniation (Case Study 1) which
compresses the cauda equina, causing a cauda equina syndrome which is charac-
terized by:

) incapacitating back and leg pain
) numbness and weakness of the lower extremities
) inability to urinate (early)
) paradoxic incontinence (later)
) bowel incontinence (late)
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Figure 2. Thoracic
disc herniation

a T2 weighted sagittal MR
image showing a large
disc extrusion at the level
of T10/11 with significant
compression of the spinal
cord. b T2 weighted axial
MR image demonstrating
the severe spinal canal
obliteration with com-
pression and deformation
of the spinal cord.

Always inquire about blad-

der and bowel dysfunction

It is astonishing that patients often do not spontaneously report a bladder dys-
function as they do not see the correlation to their back problems. Therefore, it
is crucial to inquire about bowel and/or bladder dysfunction. In the acute onset,
patients present with an inability to urinate. With increasing bladder distension,
the patients develop a paradoxic incontinence caused by urinary retention.

The history of patients with a thoracic disc herniation depends on the extent
of the herniation and the time course of the compression (Fig. 2). Large disc her-
niations which are rapidly compromising the spinal cord result in a progressive
paraparesis. A slowly progressive compression causes symptoms comparable to
a cervical myelopathy with the difference that the upper extremities are spared
(see Chapter 17 ). In patients in whom the compromise of the spinal cord is less
severe, diagnosis is often delayed. Frequent symptoms indicating thoracic symp-
toms are:

) localized dorsal pain
) belt-like pain radiation
) increased pain with coughing and sneezing
) gait disturbance
) non-dermatomal sensory deficits
) motor weakness in the lower extremities

Physical Findings

The clinical examination of patients with radicular leg pain is predominantly
focused around a neurologic examination (see Chapter 11 ). A precise testing of
dermatomal sensation and the muscle force of the lower extremities is manda-

Check for perianal sensitivitytory. The neurologic assessment should include testing for sensation in the peri-
anal region (search for saddle anesthesia) and sphincter tonus.

Patients with a herniated disc often present with:

) positive Lasègue (straight leg raising) sign (L4–S1)
) positive reversed Lasègue sign (L2–4)
) crossed Lasègue test
) vertebral shift (Case Study 2)
) restricted spinal movements (non-specific)
) trigger points along the ischiadic nerve (non-specific)
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A positive Lasègue sign with

radicular pain is indicative

of a radiculopathy

Testing of the Lasègue sign (straight leg raising) is crucial for the diagnosis of a
radiculopathy (see Chapter 8 ). The definition of a Lasègue test is largely vari-
able in the literature [120, 128]. Most articles do not determine radicular pain as
a criterion for a positive Lasègue test. We define the Lasègue sign based on the
original publication as positive if the patient reports radicular leg pain while rais-
ing the ipsilateral straight leg. Radicular pain must be differentiated from non-
radicular leg pain, which is frequent and often related to tight hamstrings. The
key feature is the occurrence of radicular leg pain which is pathologic regardless
of whether it occurs at 10 or 70 degrees of hip flexion. The positive contralateral
straight-leg raising test is most specific for disc herniation indicating a large her-
niation ranging to the contralateral side. The reverse straight leg raising test or
femoral stretch test causes root tension at L2, L3 and L4 (see Chapter 8 ). A posi-
tive ipsilateral straight leg raising test is a sensitive (72–97%) but less specific
finding (11–66%). However, the results are critically dependent on the definition
of the test. The criterion of radicular leg pain substantially increases the diagnos-
tic accuracy. In contrast, a positive crossed straight leg raising test is less sensitive
(23–42%), but much more specific (85–100%) [6].

In children and adolescents key findings are [135, 157]:

) tight hamstrings
) and severely restricted spinal motion

The neurologic examination

is often diagnostic

Beside the neurologic findings, the physical assessment (see Chapter 8 ) in
patients with disc herniation is less diagnostic.

In patients with thoracic disc herniations, the physical findings are subtle
unless the patients present with an obvious paraparesis or paraplegia. However,
a careful examination may reveal [137]:

) disturbed gait
) sensory deficits (non-dermatomal)
) decreased motor weakness of the lower extremities (uni- or bilateral)
) increased muscle reflexes

Symptomatic thoracic disc

herniation presents with

signs of a myelopathy

) clonus
) decreased abdominal reflexes
) positive Babinski reflex
) bowel and bladder dysfunction

Diagnostic Work-up

Imaging Studies

Standard Radiographs

Standard radiographs are not helpful for the diagnosis of disc herniation and
radiculopathy. Disc height decrease is not a reliable indicator of the correct level.
However, the images are useful in eliminating confusion with regard to lumbosa-
cral transitional anomalies.

Magnetic Resonance Imaging

MRI is the imaging

modality of choice

Magnetic resonance imaging (MRI) has become the imaging modality of choice
for the assessment of degenerative disc disorders. Compared to computed
tomography (CT), the advantages of MRI are:

) absence of radiation
) better visualization of conus/cauda
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Figure 3. Postoperative MRI

MRI is helpful in differentiating recurrent herniation and scar formation. a T1 weighted contrast-enhanced MR image
showing a small recurrent disc protrusion (arrows). Note the slight contrast enhancement around the disc herniation
(arrowheads). b T1 weighted contrast-enhanced MR image demonstrating intense contrast medium uptake (arrow-
heads) around the nerve root (arrow) indicating scar formation.

) assessment of the grade of disc degeneration
) better assessment of the neural compromise

MRI is also better than CT in the postoperative period in differentiating scar
from recurrent herniations. In this context, debate continues on the value of con-
trast enhancement to improve diagnostic accuracy. Contrast medium (gadolin-
ium-DTPA) administered intravenously helps to differentiate between epidural
fibrosis and recurrent herniations only in the late postoperative period [45]
(Fig. 3a, b). However, MRI may be less sensitive in the diagnosis of a bony nerve
root entrapment.

Large disc extrusions and

sequestrations are rare in

asymptomatic individuals

The diagnostic accuracy of MRI (and any other imaging modality) is ham-
pered by the frequent occurrence of asymptomatic disc herniations [23]. The
prevalence of asymptomatic disc herniations ranges from 0% (sequestration) to
67% (protrusions) depending on the asymptomatic population studied and the
classification/definition of disc herniation [22, 23, 58, 148].

In children, simple disc protrusion must be differentiated from a slipped ver-
tebral apophysis, which most frequently occurs at the inferior rim of the L4 verte-
bral body and at the superior rim of the sacrum. Often T1-weighted images dem-
onstrate interposed tissue connected with the intervertebral disc. Adjacent verte-
bral discs may demonstrate a decrease in signal intensity [56].

Thoracic disc abnormalities

are frequent

Similar to the lumbar spine, disc alterations are frequently found in the tho-
racic spine of asymptomatic individuals. In an MRI study, 73% of the 90 asymp-
tomatic individuals had positive anatomical findings at one level or more. These
findings included disc herniation (37%), disc bulging (53%), annular tears
(58%) and deformations of the spinal cord (29%). This study documented the
high prevalence of anatomical irregularities, including herniation of a disc and
deformation of the spinal cord, on the magnetic resonance images of the thoracic
spine in asymptomatic individuals. The authors emphasized that these findings
represent MRI abnormalities without clinical significance [153].
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Computed Tomography

Although CT has made substantial advances such as multiplanar reformations
due to multislice acquisitions, and the diagnostic accuracy has substantially
improved to the level of MRI, the vast majority of surgeons today prefer MRI. The

In patients with contraindi-

cations for MRI, CT suffices

to diagnose disc herniation

application is therefore mostly limited to patients with contraindications for MRI
such as pacemakers and metal implants. However, in these cases CT is often com-
bined with myelography for better depiction of the nerve roots. Forristall et al.
studied MRI and CT myelography in the examination of 25 patients with a sus-
pected disc herniation who underwent surgery [46]. Compared with the surgical
findings, the accuracy of MRI was 90.3% and of CT myelography 77.4% [52]. In
another controlled comparison of myelography, CT, and MRI in 80 patients with
monoradicular sciatica, the largest amount of diagnostic information was gained
from CT, followed by MRI and myelography. It was concluded that both CT and
MRI were significantly informative and should be the first choice for imaging in
patients with suspected lumbar disc herniation [52].

Injection Studies

Selective nerve root blocks (SNRBs) were first described by Macnab [86] in 1971
as a diagnostic test for the evaluation of patients with negative imaging studies

Nerve root blocks

are applied for diagnostic

and therapeutic objectives

and clinical findings of nerve root irritation. Indications for selective nerve root
block are applied for a diagnostic as well as a therapeutic purpose. Diagnostic
selective nerve root blocks are indicated in cases with:

) equivocal radicular leg or atypical arm pain
) discrepancy between the morphologic alterations and the patient’s symp-

toms
) multiple nerve root involvement
) abnormalities related to a failed back surgery syndrome

Numerous studies [33, 38, 130, 139, 143] have shown that nerve root blocks are
helpful in cases where this close correlation is lacking. In the case of a positive
response (i.e., resolution of leg pain), the nerve root block allows the affected
nerve root to be diagnosed with a sensitivity of 100% in cases with disc protru-
sions and with a positive predictive value of 75–95% in cases of foraminal steno-
sis [33, 139] (see Chapter 10 ).

Neurophysiologic Assessment

Neurophysiologic studies do not offer any added diagnostic value in patients pre-
senting with the typical radicular symptoms and concordant imaging findings.

Neurophysiologic studies

can differentiate peripheral

and radicular neural

compromise

Furthermore, the neurophysiology has the disadvantage of exhibiting a latency in
the detection of neural compromise. Neurophysiologic studies are helpful in
equivocal cases and allow the differentiation of (see Chapter 12 ):

) radicular versus peripheral nerve entrapment
) additional neuropathic disease
) symptomatic level in multilevel nerve encroachment

Urologic Assessment

Patients with severe back pain and sciatica frequently present with subjective dif-
ficulties in emptying their bladder, prompting the suspicion of a cauda equina
lesion. In this context, an ultrasonographic assessment of a putative urinary
retention is indicated. In the case of a normal neurologic assessment (i.e., normal
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Ultrasonic assessment of

urinary retention is helpful

in diagnosing cauda equina

syndrome

perianal sensitivity and normal sphincter tonus), a urinary retention of less than
50 ml rules out a cauda lesion with a very high probability. If the neurologic
assessment is somewhat questionable, uroflowmetry is the next diagnostic step.
The absence of urinary retention together with a normal uroflow profile rules out
an acute cauda equina lesion.

Differential Diagnosis

A slipped vertebral

apophysis should not be

confused with a simple

disc herniation in children

A related entity in children is the so-called slipped vertebral apophysis, which can
be confused with a common disc herniation [29]. The ring apophysis is a weak
point during growth which can dislocate and migrate [19, 20]. It is believed that
disc material displaces the posterior ring apophysis from the vertebra and pro-
duces symptoms. Takata et al. [134] suggested a classification into three types:

) simple separation of the entire margin
) vertebral body avulsion fracture including the margin
) localized fracture

In patients presenting with a typical radicular syndrome, an extraspinal etiology
is very rare [68] (see Chapter 11 ). Kleiner et al., in a study of 12125 patients who
had been referred during a 7-year period to a spine specialist, reported on 12 in
whom an extraspinal cause of radiculopathy or neuropathy of the lower extrem-
ity was discovered. The cause of the symptoms was an occult malignant tumor in
nine patients, a hematoma, an aneurysm of the obturator artery and a neurile-
moma of the sciatic nerve. The clinical course was characterized by a delayed
diagnosis (range 1 month to 2 years). In one-third of these patients, an operation
was performed on the basis of an incorrect diagnosis [68]. The most important
aspect is to search for rare differential diagnosis in cases with minor disc hernia-
tion and non-concordant symptoms.

Classification

Disc herniations can be classified according to their localization as:

) median
) posterolateral
) lateral (intra-/extraforaminal)

Most disc herniations are located posterolaterally, i.e., where the posterior longi-
tudinal ligament is the weakest or absent. Mediolateral herniations are the main
localizations in the axial plane, whereas lateral disc herniations (Fig. 4) are less
common (3–12%) [113].

Two anatomically different types of lumbar disc herniation have been
described with regard to a penetration of the posterior anulus and longitudinal
ligament, respectively. Disc herniations can be classified as:

) contained
) non-contained

Contained discs, which are completely covered by outer annular fibers or poste-
rior longitudinal ligament, are not in direct contact with epidural tissue. By con-
trast, non-contained discs are in direct contact with epidural tissue. This differ-
entiation is of importance for minimally invasive surgical procedures such as
chemonucleolysis or percutaneous disc decompression.

The most commonly used classification today is based on the MR morphology
of the disc herniation [90] (Fig. 5).
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Figure 4. Lateral disc
herniation

a T2 weighted parasagit-
tal MR image of the fora-
men clearly showing the
sequestrated disc material
(arrow) pushing the nerve
root (arrowhead) cranially.
b Axial T2 weighted MR
image demonstrating a
large extraforaminal disc
extrusion (arrows).

a b

c d

Figure 5. Classification of lumbar disc herniation

Modified from Masaryk et al. [90].

Particularly the definition of disc bulging is problematic because of the frequent
finding (51%) in discs of asymptomatic individuals [23]. Therefore, this classifi-
cation is not helpful in discriminating symptomatic and asymptomatic disc her-
niation. A large disc extrusion in a wide spinal canal may not produce symptoms.
On the contrary, a small disc protrusion in a congenitally narrow spinal canal
may cause a significant sensorimotor deficit (Case Introduction). In a matched
pair control study, Boos et al. [23] demonstrated that the best discriminator

The size of the spinal canal

determines whether

a disc herniation becomes

symptomatic

between symptomatic and asymptomatic disc herniation is nerve root compro-
mise. Dora et al. [40] have shown that a symptomatic disc herniation is critically
dependent on the size of the spinal canal. These findings have led to the sugges-
tion [109] of a classification based on neural compromise (Fig. 6).
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Figure 6. Classification of nerve root compromise

Modified from Pfirrmann et al. [109].

Non-operative Treatment

Symptomatic lumbar disc herniation is a condition which exhibits a benign natu-
ral history. The patients who exhibit an absolute but rare indication for surgery

The natural history of disc

herniation is benign

are those who present with a cauda equina syndrome or a severe paresis (< MRC
Grade 3). The general goals of treatment are shown in Table 1:

Table 1. General objectives of treatment

) relief of pain ) regaining of activities of daily living
) reversal of neurologic function ) return to work and leisure activities
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Although based more on anecdotal experience than scientific evidence, several
factors have been associated with a favorable outcome of non-operative treat-
ment (Table 2):

Table 2. Favorable indications for non-operative treatment

) sequestrated disc herniation ) small herniation
) young age ) mild disc degeneration
) minor neural compromise ) mild to moderate sciatica

A detailed knowledge of the natural history is a prerequisite for advising patients
on the appropriate choice of treatment.

Natural History

Radicular symptoms

have a benign course

The natural history of sciatica is generally benign. In most cases, an acute epi-
sode of sciatica takes a brief course. This phase is normally followed by a sub-
acute or chronic period of residual symptoms. Most patients recover within
1 month, but the recurrence rate is approximately 10–15% [21]. In most patients
with an extruded or sequestered herniation, the symptoms disappear with the
herniation within a few weeks or months [112] (Case Introduction).

Extruded and sequestrated

discs have a strong

tendency to resolve

Bozzao et al. [25] evaluated prospectively the evolution of lumbar disc hernia-
tion using MRI. Follow-up MRI scan performed 6–15 months after baseline dem-
onstrated that 48% of patients had a reduction in size of their lumbar disc hernia-
tion greater than 70%, 15% had a reduction of 30–70%, 29% had no change in
size, and only 8% had an increase in size. There was a good clinical outcome in
71% of patients, and outcome correlated with the size reduction of the lumbar disc
herniation. The largest disc herniations showed the greatest degree of reduction in
size of lumbar disc herniation [25]. Komori et al. [69] investigated the morpho-
logic changes in 77 patients with disc herniation and radiculopathy by sequential
MRI. In 64 patients clinical improvement corresponded to a decrease of herniated
disc, and in 13 patients no changes on MRI could be noticed despite symptom
improvement. A decrease in size was observed in 46% of herniated discs within
3 months. Patients with marked morphologic changes showed significantly lower
duration of leg pain compared to patients with slight clinical improvement. In this
study morphologic changes corresponded to clinical outcome. Clinical improve-
ment tended to be earlier than morphologic changes. Dislocated herniated discs
frequently showed an obvious decrease in size, and in seven cases complete disap-
pearance was observed. The further the herniated disc migrated, the more
decrease in size could be observed [69]. However, disc protrusion, i.e., contained
discs, did not have a tendency to resolve over a 5-year period [24]. These findings
indicate that the highest chance for a resolution is exhibited by a sequestrated disc
in a young patient. The exact mechanism of disc disappearance is not known. The
contact between disc material and the vascular system may lead to an inflamma-
tory response, invasion of macrophages and phagocytosis of the fragment.

Conservative Measures

The key measures of non-operative treatment include:

) Bed rest (<3 days)
) Analgesics
) Anti-inflammatory medication
) Physiotherapy
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Conservative treatment

has a 70 – 80 % success rate

Acute sciatica may be so severe that the patient cannot be mobilized. In this first
period, the most important goal is to reduce pain and gradually increase the
physical activity. It is also very important to reassure the distressed patient that
the course is usually benign. However, bed rest should not be prolonged for more
than 3 days [50, 140]. Anti-inflammatory drugs aim to tackle the inflammatory
component. Physiotherapy in the acute phases focuses on a pain reducing posi-
tioning. After the acute phases therapeutic exercises which strengthen the back
muscles and improve health status of the patients represent a cornerstone of con-
servative treatment. Exercise that improves trunk strength and balance and does
not exacerbate leg pain appears to be preferable.

Non-operative treatment

consists of analgesics,

NSAIDs and physiotherapy

However, the clinical course is quite different in patients with severe sciatica
and sensorimotor deficits. In a prospective study performed by Balague et al., 82
consecutive patients with severe acute sciatica were evaluated after 3, 6 and
12 months of conservative treatment. Only a minority of the patients (29%) had
fully recovered after 12 months and one-third had surgery within 1 year. The The natural history of severe

sciatica is not benignrecovery of clinical symptoms and signs was observed mainly in the first
3 months [14].

Nerve Root and Epidural Blocks

Nerve root blocks are

a useful adjunct to

non-operative care

Epidural corticoid therapy of patients with sciatica is done in many centers based
on anecdotal experience, but the scientific evidence is still lacking for the effec-
tiveness of this treatment [81]. We prefer the transforaminal route for the appli-
cation of the steroids because the medication can be injected directly at the site
of the nerve root compromise under fluoroscopic guidance. The pain resolution
usually starts immediately with the main effect evident after 3 days. In patients
with minor sensorimotor deficits and radiculopathy, an effective pain treatment
can facilitate non-operative care and bridge the time until a potential resolution
of the herniation (Case Introduction).

Buttermann reported on a prospective, non-blinded study in which patients
were randomly assigned to receive either epidural steroid injection or discec-
tomy after a minimum of 6 weeks of non-invasive treatment. Patients who under-
went discectomy had the most rapid decrease in symptoms, with 92–98% of
patients reporting that the treatment had been successful over the various follow-
up periods. Only 42–56% of the 50 patients who had undergone the epidural ste-
roid injection reported that the treatment had been effective [27]. Carette et al.
reported on a randomized, double blind trial with 158 patients who had sciatica
due to herniated nucleus pulposus. Patients with epidural injections of methyl-
prednisolone acetate had no significantly better outcome after 3 months com-
pared to patients in the placebo group. They found no reduction of the cumula-
tive probability of back surgery after 12 months [30]. In another prospective, ran-
domized, double blind study, 55 patients with lumbar radicular pain and radio-
graphic confirmation of nerve root compression underwent a selective nerve-
root injection with either bupivacaine alone or bupivacaine with betamethasone.

Nerve root blocks can

reduce the need for surgery

by an effective pain

treatment

Of the 27 patients who had bupivacaine alone, nine elected not to have decom-
pression surgery, compared to 20 of the 28 patients who had bupivacaine with
betamethasone [114]. The authors concluded that selective nerve-root injections
of corticosteroids are significantly more effective than those of bupivacaine alone
in obviating the need for a decompression for a period of 13–28 months (see
Chapter 10 ).
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Operative Treatment

General Principles

The goal of surgery in degenerative disc herniation is decompression of neural
structures. There must be a strong correlation between clinical symptoms and
radiological compression of nerve root [138]. Under these conditions, the results
of lumbar disc surgery are very favorable.

Absolute indications for surgery are a cauda equina syndrome or acute/sub-
acute compression syndrome of the spinal cord. In this case, surgery must be per-
formed early. A further indication is significant muscle paresis (MRC Grade <3)
and severe incapacitating pain that do not respond to any form of pharmacologi-
cal therapy. A relative indication is a persistent radiculopathy unresponsive to an
adequate trial of non-operative care for at least 4 weeks (Table 3):

Table 3. Indications for surgery

Absolute indications Relative indications

) cauda equina syndrome ) severe sciatica with large herniation non-responsive to analgesics and NSAIDs
) severe paresis (MRC < 3) ) persistent mild sensorimotor deficit (MRC > 3) and sciatica > 6 weeks
) paraparesis/paraplegia (thoracic disc

herniation)
) persistent radicular leg pain unresponsive to conservative measures for

6 – 12 weeks
) persistent radicular leg pain in conjunction with a narrow spinal canal

The indications for surgery in children and adolescents with slipped apophysis
are similar to those of true disc herniation and consist of removal of both the
slipped apophysis and prolapsed disc material [29, 47].

Surgery is indicated for

thoracic herniations with

spinal cord compromise

Indications for the surgical treatment of thoracic disc herniation must be
made very carefully because of the high rate of asymptomatic disc alterations.
However, indications for surgery are progressive myelopathy, lower extremity
weakness and pain refractory to conservative treatment.

Timing of Surgery

Cauda equina syndrome or

a progressive paresis should

be operated on as early

as possible

In the case of a cauda equina syndrome (Case Study 1), debate continues about
the correct timing of surgery. Although it is recommended that surgery should be
performed as early as possible, Kostuik [73] has found that decompression does
not have to be performed in less than 6 h if recovery is to occur, as has been sug-
gested in the past. A meta-analysis of surgical outcomes of 322 patients with
cauda equina syndrome due to lumbar disc herniation showed no significantly
better outcome if surgery was performed within 24 h from the onset of cauda
equina syndrome compared to patients treated within 24–48 h. Significantly bet-
ter resolutions of sensory and motor deficits as well as urinary and rectal func-
tion were found in patients treated within 48 h compared to those operated on
after 48 h after onset of cauda syndrome [4]. Further, the study showed that pre-
operative back pain was associated with worse outcomes in urinary and rectal
function, and preoperative rectal dysfunction was associated with a worsened
outcome in urinary continence [4].

Prolonged conservative care

may be associated

with poorer outcome

in patients requiring surgery

McCulloch [93] stated that surgical intervention in patients with acute radicu-
lopathy who do not respond to conservative management should occur before
3 months of symptoms to avoid chronic pathologic changes within a nerve root.
It is an anecdotal finding that patients with long-standing preoperative symp-
toms are less likely to obtain satisfactory results from surgery than those in
whom symptoms are of short duration. In a prospective study, Rothoerl et al.
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Case Study 1

A 35-year-old female felt a sharp pain in her back while bending down. Within 6 h she developed severe incapacitating
back pain. She realized there was increasing numbness in her buttocks and weakness in both feet which was more pro-
nounced on the left side. During the night, she consulted her family practitioner, who immediately referred her to our
emergency department. On admission, the patient was diagnosed with a sensorimotor deficit of S1 (MRC Grade 2), flac-
cid sphincter tonus, and inability to urinate with a full bladder. An emergency MRI was indicated. T1 and T2 weighted
images (a, b) demonstrate a massive sequestrated disc filling up the lumbosacral spinal canal. Axial T1 and T2 weighted
MR images (c, d) show the severe obliteration of the thecal sac and cauda equina compression (arrowheads). Immediate
surgery was indicated to decompress the cauda equina. Surgery consisted of a complete removal of the yellow ligament
and a partial laminectomy of S1 and L5 to completely remove the massive herniation. The patient completely recovered
from her pain but bladder dysfunction only resolved 6 months later.

[116] found that patients suffering for more than 60 days from disc herniation
have a statistically worse outcome than patients suffering for 60 days or less. The
authors recommend not to extend conservative treatment beyond 2 months and
are in favor of surgery after that time period.

Surgical Techniques

Chemonucleolysis

Chemonucleolysis

is effective for

selected indications

Chemonucleolysis is a percutaneous intradiscal injection of chymopapain into
the intervertebral disc. In 1963, Smith first described the dissolution of the disc
by chemopapain [126]. The role of chemonucleolysis as an alternative to disc sur-
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Chemonucleolysis

is effective based on RCTs

gery became controversial because of the occurrence of rare but significant com-
plications such as transverse myelitis and paraplegia [26, 97]. Chemonucleolysis
is the only minimally invasive technique shown to be effective in prospective ran-
domized studies. A meta-analysis showed that chymopapain was more effective
than placebo. But, surgical discectomy produces better clinical outcomes than
chemonucleolysis [48]. In this analysis approximately 30% of patients with che-
monucleolysis had further disc surgery within 2 years, and a second procedure
was more likely after chemonucleolysis [124, 126].

Percutaneous Techniques

These techniques have several theoretical advantages over open procedures:

) less collateral damage to the back muscles
) shorter hospital stay
) less scar formation
) cosmetic result

The percutaneous posterolateral approach to a herniated disc allows evacuation
of extruded disc material and decompression of nerve root without entrance into

The indications for

percutaneous techniques

are limited

the spinal canal and without destruction of the articular processes and ligamen-
tum flavum. These procedures are limited in the extent to which migrated or
sequestrated fragments can be retrieved or ablated, and proper patient selection
is critical to their success. The approach to the L5/S1 disc space is more difficult
because of limitations imposed by the iliac crest.

Automated Percutaneous Lumbar Discectomy

Automated percutaneous lumbar discectomy (APLD) and laser discectomy are
percutaneous techniques which indirectly decompress the neural structures [87].
Both procedures were performed in patients with contained disc herniations or

APLD is inferior

to microdiscectomy

protrusions. The method was applied especially in the 1990s and the success rate
ranged between 55% and 85%. Automated percutaneous discectomy was com-
pared to microdiscectomy in two trials. In one trial similar clinical outcomes
were achieved, whereas the other showed less satisfactory outcomes in percuta-
neous technique compared to microdiscectomy (29% vs. 80%) [48].

Endoscopic Discectomy

Endoscopic discectomy

is compelling but must still

pass the test of time

Kambin in 1988 published the first discoscopic view of a herniated disc. Percuta-
neous endoscopic removal of lumbar herniated disc can be performed via a mid-
line or a posterolateral approach. Endoscopic procedures moved from indirect
discectomy to direct excision of extruded fragments under vision. Further devel-
opment of tools and techniques by Kambin and Yeung allowed uniportal direct
decompression of the nerve root by foraminotomy, osteophytectomy and seque-
strectomy [155]. Kambin et al. reported a favorable outcome in 87% of cases sim-
ilar to those of open disc surgery in selected patients [61]. Yeung reported about
307 patients who underwent percutaneous posterolateral nucleotomy for herni-
ated discs [155]. After 1 year, 90.7% of patients were satisfied and would undergo
the same procedure again. He concluded that percutaneous endoscopic discec-
tomy has comparable results to open microdiscectomy. The procedure offers the
advantages of outpatient surgery, less surgical trauma, and early functional
recovery. In a prospective study, Ruetten et al. reported about 463 patients who
had removal of herniated lumbar disc via an extreme lateral access. Using an
endoscopic uniportal transforaminal approach, 81% of patients had a com-
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pletely resolved leg pain [117]. With the recent improvement in endoscopic tech-
niques, a greater acceptance rate, patient demand and dissemination can be
expected in the future.

Standard Limited Laminotomy

Standard limited lamino-

tomy is the current gold

standard for discectomy

Standard discectomy today consists of a unilateral exposure of the interlaminar
window and partial flavectomy to expose the dura and nerve roots as well as the
intervertebral disc. An excision of a 1- to 2-cm2 area of the superior and inferior
lamina results in a better exposure which is not always needed [42, 111]. Option-
ally, this technique can be used with magnification loops and headlights [129] to
enhance visibility.

A more extensive approach with complete bilateral removal of the yellow liga-
ment and partial laminotomy may be indicated in cases with massive disc hernia-
tions and patients with a congenitally narrow spinal canal (Case Study 2). Extrac-
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Case Study 2

A 33-year-old male reported recurrent episodes of low back pain.
One morning, he woke up immobilized by back pain and could
hardly move. Symptomatic treatment with analgesics, NSAIDs and
physiotherapy was begun after a visit to his general practitioner.
After 3 – 4 days the back pain slowly disappeared but the patient
developed severe leg pain. During the course of one week the
patient developed paresthesia and weakness of the right foot. On
referral 6 weeks after symptom onset, the patient still presented
with a severe spinal shift to the right (a). A standing anteroposterior
radiograph confirmed this shift and ruled out scoliosis (b). On exami-
nation, the patient presented with a sensorimotor (MRC Grade 3)
deficit for dorsiflexion of the greater toe (L5). Sagittal T2 weighted
MR image (c) shows a small disc protrusion at the level of L4/5 on the right side. The axial T2 weighted MR image (d) dem-
onstrates a congenitally narrow spinal canal with flavum hypertrophy (arrowheads) and a small disc protrusion com-
pressing the L5 nerve root. After failure of non-operative care, surgery at L4/5 was carried out not only decompressing
the nerve root L5 but also the congenitally narrow spinal canal with the beginning of stenosis.
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tion of a large disc fragment through a tiny opening in the flavum may cause a
rapid increase in intrathecal pressure and may lead to neurologic deterioration. In
cases with cauda equina syndrome, complete flavectomy and in some cases lami-
nectomy is therefore needed before the fragments can be extracted (Case Study 1).

Microdiscectomy

The technique of microsurgical discectomy was introduced by Caspar [32] and
Williams [151] in the late 1970s [32] (Fig. 7). The use of the operating microscope
to expose the compressed nerve root has several theoretical advantages. The
most important reason is the maintenance of a three-dimensional view in the

a b

c d

Figure 7. Interlaminar approach

The patient is positioned with the abdomen hanging freely minimizing intra-abdominal pressure and related epidural
bleeding. Verification of the correct level before and after exposure of the target interlaminar window is mandatory.
a Interlaminar approach with a tubular retractor after a 3-cm skin incision placed over the target interlaminar window.
b Incision of the yellow ligament with a knife or a Kerrison rongeur. c Partial flavectomy and exposure of the nerve root
and disc herniation. The lateral border of the nerve root must be identified clearly before further preparation. The nerve
root should only be retracted medially to avoid nerve root and dura injuries. Sometimes the nerve root must be decom-
pressed laterally first by undercutting the facet joint before it can be mobilized over the disc herniation. d The decom-
pression of the intervertebral disc should be limited to the extraction of free intradiscal fragments. Resection of the anu-
lus increases the risk of recurrent herniation.

500 Section Degenerative Disorders



Microdiscectomy results

in less nerve root irritation

than with standard

techniques

depth of a spinal wound. Furthermore, microscopic discectomy exhibits the
advantage of stronger illumination and magnification of the operative field and
a smaller approach, which may result in a more rapid recovery [8, 60]. In an EMG
study, it was shown that the use of a microscope resulted in less irritation of the
nerve root [121]. Debate continues about the superiority of microdiscectomy
over standard limited laminotomy [93, 123]. So far, no convincing evidence has

Outcome of discectomy

is independent of the type

of open surgical technique

been provided in the literature [48]. McCulloch has indicated that the outcome of
lumbar discectomy does not appear to be affected by the use of a microscope and
depends more on patient selection than on surgical technique [93].

The microscopic approach has also been described for the treatment of lateral
(extracanicular) disc herniations in which full visual control allows a decom-
pression of the respective spinal nerve or ganglion and removal of the herniated
disc [113]. With this approach, there is minimal resection of bone and facet joint
and minimal risk of injury to neural structures (Fig. 8).

a b

c d

Figure 8. Extraforaminal approach

The extraforaminal approach is similar to the interlaminar approach using a tubular retractor. a Exposure of the facet joint, isth-
mus of the lamina and the superior and inferior transverse process. b Resection of the lateral inferior border of the isthmus with
a high-speed diamond burr is sometimes necessary for a better exposure. c Exposure of the exiting nerve root, search and
extraction of free fragments. d Decompression of the intervertebral disc may be necessary to completely liberate the nerve
root in case of a disc protrusion deviating or compressing the nerve root.
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Complete Discectomy Versus Sequestrectomy

Sequestrectomy is preferred

over radical discectomy

Debate also continues about the extent of discectomy. Williams has advocated an
approach without laminectomy or curettement of the disc space, preservation of
extradural fat and blunt perforation of the anulus fibrosus, rather than scalpel
incision with the goal of minimizing reherniations and adhesion reactions [151,
152]. In a prospective randomized study [136], 84 consecutive patients with free,
subligamentary, or transannular herniated lumbar discs were randomized to
sequestrectomy alone or microdiscectomy groups. At 4 and 6 months, SF-36
scales and PSI scores showed a trend in favor of sequestrectomy, leaving 3% of
patients unsatisfied compared with 18% of those treated with discectomy. Reher-
niation occurred in four patients after discectomy (10%) and two patients after
sequestrectomy (5%) within 18 months [136]. There appears to be little benefit
from more radical disc excisions compared with removing only sequestered frag-
ments in the case of adequate decompression of the nerve root.

Surgery for Thoracic Disc Herniations

The choice of surgical approach depends on the location and extent of the herni-
ation but also on the general condition of the patient. Surgery for the treatment
of thoracic disc herniations is demanding because:

) the spinal cord does not tolerate any retraction for exposure of the disc her-
niation
) correct localization of the target level is difficult
) the herniation is usually hard (calcified) and difficult to remove
) corpectomy may be required to remove dislocated fragments
) verification of a complete removal is hampered by the limited sight
) bone resection for exposure may require subsequent spinal instrumentation

Several approaches have been described (Table 4):

Table 4. Surgical approaches for thoracic disc herniations

Posterolateral approaches Anterior transthoracic approaches

) costotransversectomy [54] ) anterior transpleural [36]
) lateral extracavitary [77] ) thoracoscopic [115]
) transverse arthro-pediculectomy [82]
) transfacet pedicle-sparing [131]

Laminectomy alone

is contraindicated

Laminectomy alone is contraindicated in thoracic disc herniation (TDH)
because the compression is anterior, which is not addressed by a posterior
decompression. For many years, the costotransversectomy was the gold standard
for surgery of the TDH. Nearly all types of TDH can be reached with this
approach. The approach was introduced by Hulme in 1960 [54]. After a median
or paramedian incision, the processus transversus must be removed followed by
resection of 10–15 cm of the medial rib of the lower vertebra. After reaching the
disc space, the discectomy can be performed. The parietal pleura of the lung is
pushed ventrally and the disc fragment can be resected without touching the the-
cal sac. This approach was modified in many ways to a less invasive procedure.
The transfacet pedicle-sparing approach allows for complete disc removal with
limited spinal column disruption and soft-tissue dissection [131]. With addi-
tional use of the microscope good removal of lateral and centrolateral TDH is
possible. Anterior approaches have been developed for direct exposure of central
calcified and centrolateral herniations. In 1958, Crafoord reported on the
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removal of TDH by the anterior transthoracic transpleural approach [36]. In the
1990s, Rosenthal and others [80, 85] developed a thoracoscopic approach for tho-

The risk of postoperative

neurologic deterioration

is imminent

racic herniations. The clinical outcome of surgery for thoracic disc herniations is
satisfactory in 76–86% of cases [83, 108, 125, 131, 156]. However, the risk of post-
operative paraplegia is imminent [83].

Conservative Versus Operative Treatment

One of the first randomized controlled trials in spinal surgery was the compari-
son of conservative and surgical treatment for lumbar disc herniations by Weber
[142]. Two hundred and eighty patients with herniated lumbar discs, verified by
radiculography, were divided into three groups. One group consisted of 126
patients with uncertain indications for surgical treatment, who had their therapy
decided by randomization, which permitted comparison between the results of
surgical and conservative treatment. Another group comprising 67 patients had
symptoms and signs that were beyond doubt, requiring surgical therapy. The
third group of 87 patients were treated conservatively because there were no indi-
cations for operative intervention. Follow-up examinations in the first group
(n=126) were performed after 1, 4, and 10 years. The controlled trial showed a
statistically significantly better result in the surgically treated group at the 1-year
follow-up examination. After 4 years, the operated on patients still showed better
results, but the difference was no longer statistically significant. Only minor
changes took place during the last 6 years of observation [142].

Surgery provides

better short-term results

than non-operative care

Sciatica patients improve

with surgery as well

as with conservative care

The Maine Lumbar Spine Study demonstrated that while patients with sciat-
ica generally improve regardless of the type of treatment given, those who are
surgically treated report significantly greater improvement in symptoms, health-
related quality of life, and satisfaction compared with non-surgically treated
patients at a 1-year follow-up. In this study 86% of surgically treated patients
stated if they were to do it again they would still choose surgery [11, 12]. The
SPORT (Spine Patient Outcomes Research Trial) trial consisted of 1220 prospec-
tively followed patients with sciatica due to disc herniation who were divided into
surgical and non-surgical groups [146, 147]. One part of the study included 501
patients who were randomized into two groups (surgery vs. conservative). The
remaining patients (n=719) who chose one of the two treatment options were
included in an observational arm. In the randomized group, adherence to the
assigned treatment was limited: 50% of patients assigned to surgery received
surgery within 3 months of enrollment, while 30% of those assigned to non-
operative treatment received surgery in the same period. Intent-to-treat analyses
demonstrated substantial improvements for all primary and secondary out-
comes in both treatment groups. Between-group differences in improvements
were consistently in favor of surgery for all periods but were small and not statis-
tically significant for the primary outcomes. The randomized study was ham-
pered by the large numbers of patients who crossed over in both directions. Con-
clusions about the superiority or equivalence of the treatments are not warranted
based on an intent-to-treat analysis. Of the 743 patients enrolled in the observa-
tional cohort, 528 patients received surgery and 191 received the usual non-oper-

The outcome benefits

of surgery seem

to vanish over time

ative care. At 3 months, patients who chose surgery had greater improvement in
the primary outcome measures of bodily pain, physical function, and Oswestry
Disability Index. These differences narrowed somewhat at 2 years. The overall
comparison demonstrated a significantly better outcome for surgery compared
to conservative care. However, the authors stressed that non-randomized com-
parisons of self-reported outcomes are subject to potential confounding and
must be interpreted cautiously (Table 5).
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Table 5. Treatment outcome

Author Study Patients and treatment Follow-up and outcome

Weber [142] prospective
randomized

operative (n= 66) vs. non-
operative (n= 60) treatment

significantly better outcome of surgery at one year which is no
longer significant at 4 and 10 years

Atlas et al.
[11 – 13]

prospective
cohort study

operative (n= 217) vs. non-
operative (n= 183) treatment

surgically treated patients are more satisfied (71 % vs. 56 %) and
have less back and leg pain (56 % vs. 40 %) at 10 years follow-up

Weinstein
et al. [147]

prospective
randomized

operative (n= 245) vs. non-
operative (n= 256) treatment

better outcome in the surgical group which did not reach sta-
tistical significance. Methodological problems (high number of
cross-overs) limit the conclusions

Weinstein
et al. [146]

prospective
observational

operative (n= 528) vs. non-
operative (n= 191) treatment

significantly better outcome of the surgical group at 1 and
2 year follow-up

Complications

Complications in surgery

for lumbar disc herniation

are rare

For all kinds of surgery, the benefits have to be weighed against the risks. In gen-
eral, the risks associated with discectomy are very low. Early complications of the
procedure may include [76, 149]:

) nerve root injuries or increasing neurologic deficit (0.5–1%)
) cerebrospinal fluid leaks (0.8–7.3%)
) infections (0–2%)
) great vessel or intestinal injury (0–0.04%)

Late complications could be segmental instability and the so-called “failed back
surgery syndrome.” The overall rate of unsatisfactory results following discec-
tomy is between 5% and 20% [78, 132].

The frequent causes of persistent sciatica after discectomy are [74, 132]:

) wrong level surgery
) insufficient disc removal
) recurrent herniation
) unrecognized additional nerve root compromise
) nerve root injury
) insufficient decompression of concomitant spinal stenosis
) spondylolisthesis
) extravertebral nerve compression

Recurrent Herniation

The rate of recurrent

herniations ranges

between 5 % and 11 %

The recurrence of back and/or sciatic pain can be caused by a true recurrent her-
niation or an incomplete removal. The reported rate of recurrent disc herniation
after primary discectomy ranges between 5% and 11% [35, 43, 132]. Carragee et
al. [31] presented a prospective observational study with 187 patients who under-
went primary lumbar discectomy. The morphology of the disc herniations was

Contained disc exhibits

a higher recurrency rate

recorded according to annular deficiency and presence of fragments. Patients
with fragments and small annular defects had a recurrence rate of 1%, patients
with fragments and contained disc herniation 10%, patients with fragments and
massive posterior annular loss 27%. The highest recurrence rate (38%) had
patients with no fragments and contained disc herniations [31]. In a case-control
study, MR findings of patients with and without recurrent disc herniation were
analyzed [39]. Advanced disc degeneration (Grades IV and V) was significantly
less frequent in the study group than in the control group (P<0.006). The risk of

Minimal disc degeneration

is a risk factor

for recurrent herniations

recurrent disc herniation decreased by a factor of 3.4 with each grade of disc
degeneration. Mean disc herniation volume as a percentage of intervertebral disc
volume was equal in both groups. The authors concluded that minor disc degen-
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eration but not herniation volume represents a risk factor for the recurrence of
disk herniation after discectomy.

The results of revision surgery for recurrent lumbar disc herniation are as good
as those of primary surgery when a true recurrent herniation is the source of sciat-
ica [41, 59]. Controversy exists as to whether epidural fibrosis may be a reason

The clinical significance of

epidural fibrosis is unclear

for persistent back and leg pain after discectomy. In a contrast-enhanced MRI
study, however, no differences regarding the presence and extent of epidural fibro-
sis between symptomatic and asymptomatic patients were found, questioning the
role of epidural fibrosis as the causative agent in the lumbar postdiscectomy syn-
drome [9]. Many attempts have been made to reduce postoperative perineural
fibrosis by interposition membranes but so far no convincing evidence has been
provided in the literature for a superior outcome or a lower reoperation rate when

Reoperation for epidural

fibrosis is rarely successful

applying such material [48]. We concur with Johnsson and Stromqvist [59] that
sciatica due to nerve-root scarring is seldom improved by repeat operations.

Recapitulation

Epidemiology. Lumbar disc herniation is the patho-
logic condition most commonly responsible for ra-
dicular pain. Episodes of back pain usually precede
sciatica. Spinal surgery is most frequently carried
out for disc herniation. The incidence rate of sur-
gery for disc herniation exhibits substantial region-
al variations. Symptomatic thoracic disc herniations
are very rare.

Pathophysiology. Disc herniation results from age-
related (degenerative) alterations of the interverte-
bral disc leading to annular incompetence. Nuclear
migration caused by annular disruption leads to the
disc herniation. The major risk factor is genetic pre-
disposition and classic risk factors (e.g., heavy lifting,
twisting and bending, vibration) may only have a
modulating effect. The pathophysiology of radicu-
lopathy involves both mechanical deformation and
chemical irritation of the nerve root. Proinflamma-

tory cytokines play a major role in the development
of sciatica.

Clinicalpresentation. The cardinal symptom of a disc
herniation is radicular leg pain with or without a sen-
sorimotor deficit. Neurologic examination is impor-
tant to determine the involved nerve root(s) and rule
out a cauda equina lesion. Children and adolescents
with disc herniation may present only with back pain
and hamstring tightness. Potential bowel and blad-

der dysfunction must be systematically assessed.
Thoracic disc herniations can lead to progressive pa-
raparesis but are rarely the cause of dorsal pain.

Diagnostic work-up. MRI has become the imaging
modality of choice for assessing degenerative or

herniated intervertebral discs. Diagnostic and
prognostic implications are limited by the high
prevalence of asymptomatic disc alterations. MRI
and CT are equally good at diagnosing disc hernia-
tion. In equivocal cases, selective nerve root blocks
can be helpful to identify the involved nerve root.
Urologic assessment may be required in cases with
questionable cauda equina syndrome. Nerve root
compromise is the best indicator for symptomatic
disc herniation.

Non-operative treatment. The natural history of
disc herniations is favorable. Large sequestrated
discs exhibit a tendency to resolve with time. Con-
servative care consists of analgesics, NSAIDs, phys-
iotherapy and epidural/nerve root blocks. The sci-
entific evidence for therapeutic injections is limited.
Prolonged conservative treatment (> 3 months)
may result in an inferior outcome in the presence of
a large disc herniation with concordant clinical
symptoms.

Surgical treatment. Patient selection is the most
important issue when considering surgical decom-
pression. The high prevalence of asymptomatic disc
herniations indicates that there must be a strong
correlation between clinical-neurologic compres-
sion signs and radiological findings to justify sur-
gery. Absolute indications for surgery are progres-
sive neurologic deficit, cauda equina syndrome or
paraparesis (thoracic disc herniation). Relative indi-
cations include persistent leg pain with or without
mild sensorimotor deficits. Chemonucleolysis is
the only minimally invasive technique which has
been shown to be superior to non-operative treat-
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ment. Endoscopic techniques are compelling but
still require the test of time. Standard interlaminar
discectomy and microdiscectomy are the most fre-
quently used techniques. So far, the microscopic
approach has not been demonstrated to be supe-

rior to the conventional technique. Less degenera-
ted discs exhibit a high rate of recurrent disc herni-

ations. Surgical and non-surgical treatment have an
equally satisfactory outcome but surgical candi-
dates report better short-term results.
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Lumbar Spinal Stenosis

Patrick O. Zingg, Norbert Boos

Core Messages

✔ Lumbar spinal stenosis can be defined as any
narrowing of the spinal canal, lateral recess or
intervertebral foramen

✔ Spinal stenosis most frequently results from
degenerative alterations of the motion seg-
ment

✔ Lumbar spinal stenosis is a common condition
in elderly patients

✔ Spinal stenosis is often associated with degen-
erative spondylolisthesis

✔ Degenerative spondylolisthesis most frequently
occurs at the L4/5 level in females

✔ The cardinal symptom of spinal stenosis is
neurogenic claudication

✔ Neurologic examination of a patient often is
remarkably normal

✔ The most important differential diagnosis is
intermittent ischemic claudication

✔ MRI is the imaging modality of choice
✔ Conservative treatment may only relieve symp-

toms for a short time period
✔ Conservative treatment does not affect the nat-

ural history of spinal canal narrowing
✔ Surgery is generally accepted when the quality

of life is substantially limited because of the
neurogenic claudication

✔ Selective decompression (laminotomy) with
preservation of the lamina is the preferred tech-
nique in the absence of segmental instability

✔ Instrumented fusion as an adjunct to laminec-
tomy improves the long-term results in degen-
erative spondylolisthesis with spinal stenosis

Epidemiology

Verbiest first established

lumbar spinal stenosis as a

clinical entity

Narrowing of the spinal canal was first described by Portal in 1803 [74]. However,
Verbiest was the first to describe the clinical symptom of neurogenic claudication
as a result of spinal canal stenosis and established this pathology as a clinical
entity in the 1950s [97].

Spinal stenosis can be

defined as any type

of narrowing of the spinal

canal, lateral recess

or intervertebral foramina

Arnoldi proposed one of the first definitions of spinal stenosis and classically
defined the pathology as “any type of narrowing of the spinal canal, nerve root
canals or intervertebral foramina” [5]. Kirkaldy-Willis substantially contributed
to our understanding of the pathogenesis of lumbar spinal stenosis [54–56].

Spinal stenosis

is predominantly due

to degenerative changes

Various conditions can lead to a narrowing of the spinal canal but it is most
frequently due to degenerative changes. Congenital narrowing of the spinal canal
is relatively rare and often associated with generalized disorders such as achon-
droplasia. Data on the incidence and prevalence of a congenitally narrow spinal
canal is very limited.

Lumbar spinal stenosis

is a common condition

in elderly patients

Degenerative lumbar stenosis is a common condition in elderly patients after
the fifth life decade, a finding which is supported by autopsy studies. Disc degen-
eration, facet joint osteoarthritis, or osteophytes are encountered in 90–100% of
subjects over 64 years of age [65, 99].

By the age of 65 years, myelographic evidence of lumbar spinal stenosis is pre-
sent in 1.7–6% of adults [16]. Moreover, stenosis has been found in up to 80% of
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Case Introduction

A 68-year-old woman presented with severe buttock and posterior thigh pain during standing and walking. While sitting
the patient was completely pain free. She had concomitant back pain which did not respond well to physiotherapy. Walk-
ing distance was limited to 100 – 200 m. The physical and neurological assessment was unremarkable. Standing lateral
radiograph showed a degenerative spondylolisthesis at the level of L4/5 (a). An MRI scan revealed an hourglass form of
the thecal sac at the level of L4/5 (b) and a severe stenosis in the axial view. Note the small facet joint cyst on the right
L4/5 joint causing a lateral recess stenosis (arrow) (c). Because of the severely limited quality of life and ineffective non-
operative treatment, the patient opted for surgery. A decompression of the L4/5 level with resection of the inferior two-
thirds of the lamina was necessary to completely decompress the spinal stenosis, which was most severe under the lam-
ina of L4. An instrumented fusion with pedicle screws was done to stabilize the degenerative spondylolisthesis and allow
for better long term results (d, e). The patient’s symptoms completely disappeared immediately after surgery and she
returned to her regular activities within 3 months postoperatively.

The extent of the stenosis

is poorly correlated with

clinical symptoms

subjects aged over 70 years [87]. However, a poor correlation exists between
radiological stenosis and symptoms [33, 34]. Up to 21% of non-symptomatic
subjects over 60 years of age demonstrate stenosis on MRI [13]. In a Swedish
study, the annual incidence of lumbar spinal stenosis was 5 per 100000 inhabi-
tants [42]. Other studies reported that among patients who consult a general phy-
sician or a specialist for low-back pain, 3% and 14%, respectively, may have spi-
nal stenosis [23, 30, 61]. The rate of spinal stenosis surgery reported is 3 to 11.5
per 100000 inhabitants per year [11, 40, 42]. With an improved life expectancy
and the proportion of individuals older than 65 years (20% in 2026 [51]), the
incidence of spinal stenosis will further increase proportionally.
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Pathogenesis

Anatomy

In adults, the lumbar spinal canal may show an elliptical, rounded triangular, or
trefoil configuration. Commonly, the transition from the thoracic to the sacral
spine is characterized by a gradual change from a more circular to a more trian-
gular shape. The trefoil shape of the spinal canal mostly occurs at the fifth lumbar
level.

Size and shape

of the spinal canal are

dependent on the level

The anteroposterior diameter of the lumbar spinal canal usually decreases
from L1 to L3 and increases from L3 to L5 [58, 59, 71]. In compensation, a small
increase in the transverse diameter from L1 to L3 is present. Below L3, the trans-
verse and anteroposterior diameters increase simultaneously [71]. Cross-sec-
tional areas tend to decrease from L1 to L2 and remain rather constant between
L2 and L4, followed by an increase at L5 [71]. The results of a number of morpho-
metric studies are indicative of racial differences in transverse and sagittal diam-
eters of the lumbar spinal canal [2, 59, 72, 100]. It is evident that relatively more
space is available for the neural tissue in the lower lumbar spine.

The ligamentum flavum covers the posterolateral aspect of the spinal canal and
is longitudinally oriented. The large amount of elastin fibers explains its typical
yellow aspect. The yellow ligament originates from the anterior aspect of the upper
lamina and it inserts at the upper rim of the lower lamina. Laterally, it represents
the anterolateral capsule of the zygapophyseal joints and reaches into the lateral
recess. The capsular portion is thinner than the interlaminar portion. Particularly,
the interlaminar portion may hypertrophy and result in spinal stenosis [103].

The intervertebral foramen has an inverted tear-drop or ear-shaped sagittal
cross section and is more oval at the exit [82]. The anterior wall of the foramen
consists of the posterolateral aspect of the vertebrae and the intervertebral disc,
respectively. The ligamentum flavum, the pars interarticularis of the upper verte-
bra and the superior articular facet of the lower vertebra form the posterior bor-
der of the foramen. The two adjacent pedicles form the upper and lower foramen
borders. The foramen is mostly narrowed by osteophytes, decreasing disc height
and foraminal disc protrusions.

Pathogenesis

Differentiate a narrow

from a stenotic canal

Lumbar spinal stenosis can be defined as any type of narrowing of the spinal
canal, nerve root canals, or the intervertebral foramina [66]. However, if com-
pression of neural structures is absent, the canal should be described as narrow
but not stenotic [77].

The sequences of the progressive age-related changes which finally lead to the
occurrence of a central or lateral stenosis have been nicely described by Kirkaldy-
Willis [54–56]. This suggested sequence of events highlights the relationship
within the three-joint complex (Fig. 1).

The hypertrophy of the

yellow ligament results

in a progressive stenosis

The pathomechanism of central spinal stenosis is predominantly related to a
hypertrophy of the yellow ligament which is a result of a compensatory mecha-
nism to restabilize a segmental hypermobility (Case Introduction). Furthermore,
bony canal compromise is caused by the occurrence of facet joint enlargement
(osteoarthrosis), osteophyte formation, and degenerative spondylolisthesis. This
finally results in a progressive compression of the cauda equina (Fig. 2).

The majority of lateral recess stenosis is produced by disc height decrease,
posterolateral disc protrusion or hypertrophy of the superior articular process.
As a result of the degenerative changes with disc height loss, enlargement of the
facet joints and foraminal disc herniation, the exiting nerve root is compressed.
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Figure 1. Degeneration of the three-joint complex

According to Kirkaldy-Willis et al. [55] (modified).

a b

Figure 2. Pathomorphology of central, lateral recess and foraminal stenosis

Foraminal and lateral

recess stenosis frequently

cause radiculopathy

Foraminal stenosis may also result from isthmic spondylolisthesis when the
nerve root is compressed as a result of the olisthetic vertebra and disc height loss
[5]. Lateral recess and foraminal stenosis are a common cause of lumbar radicu-
lopathy (see Chapter 18 ).

Narrowing of the spinal canal can also be seen as a complication of metabolic
disorders such as:

) diffuse idiopathic skeletal hyperostosis (DISH)
) Paget’s disease
) acromegaly
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) hypoparathyroidism, pseudohypoparathyroidism
) X-linked hypophosphatemic osteomalacia

Spinal Claudication Syndrome

The extent of stenosis

is not closely correlated

with symptoms

The narrowing of the spinal canal leads to a compression of the cauda equina and
its nerve roots. However, there is no direct relationship between the extent of the
stenosis and clinical symptoms. This finding remains unexplained. Furthermore,
patients are usually asymptomatic when sitting and lying indicating a strong
functional influence. There are two prevailing theories that try to explain inter-
mittent claudication:

) neurologic compression theory
) vascular compression theory

Neurogenic Compression Theory

Mechanical nerve root

compression results in

decreased nutrition,

microvascular changes,

edema and fibrosis

Prolonged compression of a peripheral nerve followed by mechanical stimula-
tion is known to produce abnormal electrical discharge [36], thereby causing
pain in experimental animal studies [10]. Long-standing direct mechanical com-
pression of nerve roots leads to decreased cerebrospinal fluid supply of the nerve
root [85, 86]. Impaired nutritional supply [68] results in microvascular changes
[85, 86], and causes edema [69], accumulation of noxious substances, deteriora-
tion [17, 104] and fibrosis [62]. The combination of these changes may explain
neurological dysfunction. This theory does not cover well the functional aspects
of neurogenic claudication.

Vascular Compression Theory

Venous congestion

and inadequate arterial

vasodilation impairs nerve

root nutrition during

walking

The vascular compression theory suggests that spinal stenosis has pathologic
effects on the blood supply of the cauda equina. Particularly, multiple-level cen-
tral stenosis is associated with spinal claudication. It is assumed that venous con-
gestion between the levels of stenosis [67, 70, 76] compromises nerve root nutri-
tion and results in clinical symptoms. Additionally, the compressed nerve root
arterioles may lose the ability to respond to exercise by vasodilatation [9]. This
compromise explains that walking produces back, buttock and leg pain as well as
heaviness and discomfort in the lower limbs. During rest the vascular (nutri-
tional) supply may suffice and the patient may be asymptomatic.

However, a critical look indicates that some aspects of the clinical syndrome
still remain not well explained. This is particularly valid for the fact that patients
even with severe stenosis can be asymptomatic.

Classification

The classification of lumbar stenosis is important because of its impact on the
treatment approach [78]. Spinal stenosis may be classified according to its:

) etiology
) location
) pathomorphology

Arnoldi et al. [5] suggested an etiology-based classification distinguishing two
major groups (Table 1).

Congenital stenosis is divided additionally into idiopathic and achondroplas-
tic etiologies. Congenital lumbar stenosis is rare and is often associated with gen-

Lumbar Spinal Stenosis Chapter 19 517



Table 1. Etiology-based classification

Congenital stenosis Acquired stenosis

) idiopathic ) degenerative
) achondroplastic ) congenital with secondary degenerative changes

) isthmic spondylolisthesis
) metabolic
) iatrogenic (postlaminectomy)
) post-traumatic

eralized disorders such as achondroplasia. Identification is usually in infancy or
childhood. Stenosis may develop at several levels of the vertebral column and
may often lead to serious neurologic deficits. The vast majority of patients pre-
sent with acquired lumbar canal stenosis. It may occur due to degenerative pro-
cesses of the lumbar spine during aging [65, 99] or less frequently is caused by
general metabolic disorders, postsurgical or post-traumatic conditions.

An anatomic classification differentiates (Fig. 3):

) central stenosis
) lateral recess stenosis
) foraminal stenosis

a b

c

Figure 3. Classification of spinal stenosis

a Central spinal stenosis with severe compression of the cauda
equina (arrows). b Lateral recess stenosis with compression of the
exiting nerve roots. c Lateral stenosis with compression of the
nerve root (*) as a result of enlargement of the superior process of
the facet joint (arrowhead) and a foraminal disc herniation (arrow).
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A pathomorphological classification considers the underlying pathology such as:

) hypertrophy of the ligamentum flavum
) hypertrophy of the facet joints
) osteophyte formations (spurs)
) disc herniation
) synovial facet joint cysts
) vertebral displacements (anterior/lateral)

Clinical Presentation

History

The symptom onset

of spinal stenosis

is usually insidious

Lumbar spinal stenosis is usually a chronic condition, sometimes but not typi-
cally with a long history of low-back pain. Occasionally, the stenosis may become
symptomatic after a minor trauma or unusual physical stress but usually the
onset is insidious. Patients with a congenitally narrow canal may acutely present
with major neurologic deficit due to the occurrence of an additional disc protru-
sion. In patients with severe congenital stenosis, symptoms may occur in their
twenties to thirties, whereas symptom onset in the sixth and seventh decades is
common for acquired degenerative stenosis.

The cardinal symptom of spinal stenosis is neurogenic claudication, which
presents as:

) numbness, weakness and discomfort in the legs while walking or prolonged
standing
) regression of symptoms during sitting and rest

Leg symptoms

usually improve or

disappear during sitting

The characteristic finding in neurogenic claudication is that the symptoms
regress during sitting and rest.

During sitting (forward bending) the spinal canal is widened, which decreases
the compression of the cauda equina. Patients may be asymptomatic while riding
a bicycle because they are in a forward bend position.

The painfree walking

distance can vary from

day to day

The painfree walking distance may vary from day to day. Typically symptoms
will occur at a smaller distance if walking downhill due to the increased lumbar
lordosis with consecutive narrowing of the spinal canal. Patients may provoke
symptoms after a certain walking distance but be able to continue further before
having to bend forward or sitting for pain relief. Furthermore, the distance
required to develop these symptoms will decrease with increasing severity of the
degenerative changes. At rest, the patients usually complain of few or no symp-
toms at all. The leg symptoms may also be described as paresthesia, cramps,
burning pain, or weakness. Some patients only report heaviness or deadness of
the limbs and a sense that their legs are giving way.

Nerve root claudication

is characterized by radicular

pain on walking

Patients with lateral canal stenosis may present with a radicular claudication.
Similarly to neurogenic claudication, the symptoms can be provoked during walk-
ing and prolonged standing but are localized to a nerve root dermatome. The symp-
toms are not so clear in cases of a multilevel foraminal stenosis. These patients,
however, often report signs of a mild radiculopathy during rest which worsens on
activity. However, some patients present with a radicular pain syndrome during
rest and particularly during the night. It is assumed that in those cases the postural
change results in a narrowing of the foramen, which results in the pain provocation.

Additional but less frequent symptoms may be:

) mechanical low-back pain (worse on activity)
) atypical leg pain (non-radicular distribution)
) cauda equina syndrome (very rare)
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Walking-related back and

buttock pain is not

uncommon

In patients suffering from lumbar spinal stenosis, pain in the lower spine, but-
tocks or posterior legs is not uncommon. Often this back pain becomes worse
on activity. This finding can be due to the stenosis itself and can be explained by
an involvement of the posterior rami of the nerve roots. It may also be related
to a segmental instability, e.g. degenerative spondylolisthesis (Case Introduc-

tion). Rarely, the patients present with an acute or subacute onset of a cauda
equina syndrome. Nevertheless, it is important to explore the urinary function
and ask for bowel incontinence because many patients do not see the correla-Always explore for bowel

and bladder dysfunction tion with their main symptoms and tend not to report bowel and bladder dys-
function.

Physical Findings

The physical exam most

frequently is normal

Clinical examination in spinal stenosis most often is remarkably normal. As in
any spinal disorder, a thorough neurological examination (see Chapter 11 ) is
mandatory. The most frequent physical findings are [50]:

) limited lumbar extension 66–100%
) sensory deficit 32–58%
) muscle weakness 18–52%
) straight leg raising 10–90%
) absent knee reflexes 10–50%
) absent ankle reflexes 50–68%

Consider peripheral

neuropathy in cases of

absent ankle jerks

and sensory deficits

However, these symptoms are obviously non-specific. Pain with extension or a
voluntary decrease in the range of lumbar extensions is often seen. Dermatomal
sensory loss and muscle weakness are uncommon at rest, although they may
appear if the patient is reexamined after walking to their tolerance limit. Loss of
ankle jerks and distal vibration sense may be present, but are common in the
older age group. Straight-leg raising is usually normal.

Assess the peripheral pulses

to detect vascular stenosis

Diminished peripheral pulses or limitation of hip movement may increase
suspicion for the most frequent differential diagnosis, i.e. vascular claudication
and osteoarthritis of the hip joint. Sometimes signs of a cervical myelopathy may
be seen, because lumbar stenosis is associated with cervical canal narrowing in
5% of cases [21].

A reliable assessment of the walking distance is an important parameter for
determining the outcome of surgical treatment. The so-called shuttle walking
test has been evaluated for spinal stenosis and can be recommended for this pur-
pose [93].

Diagnostic Work-up

The diagnosis of spinal stenosis is mainly based on the patient’s clinical symp-
toms and signs. However, the confirmation of a clinical diagnosis is only made by
imaging studies [3, 12, 14, 52, 90]. Neurophysiologic studies can be helpful to fur-
ther confirm the diagnosis and allow for a differential diagnosis.

Imaging Studies

Standard Radiographs

Standard anteroposterior and lateral radiographs do not permit a final diag-
nosis. Nevertheless, findings (Fig. 4) often associated with spinal stenosis
are:
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) degenerative spondylolisthesis
) degenerative scoliosis
) congenitally narrow spinal canal

Degenerative

spondylolisthesis

is indicative of a

spinal stenosis

Degenerative spondylolisthesis particularly at the L4/5 level in females is fre-
quently associated with spinal stenosis (Fig. 4a). Isthmic spondylolisthesis is
most common at the L5/S1 level and will produce nerve root impingement at the
level of the defect while degenerative spondylolisthesis is more likely to produce
constriction of the entire cauda equina. In patients with degenerative scoliosis,
the stenosis is often found at the apex of the curve (L2/3 and L3/4) (Fig. 4b). On
the anteroposterior view, the interpedicular distance should be identified. In
healthy individuals it increases progressively from the L1 to the L5 level. If the
interpedicular distance is narrow (Fig. 4c), it indicates a narrow spinal canal.
Radiological signs for congenital or developmental stenosis in the lateral view are
short pedicles indicating a decreased sagittal canal diameter (Fig. 4d).

Less reliable findings implying lateral recess or foraminal stenosis are:

) disc space narrowing
) isthmic spondylolisthesis
) severe facet osteoarthritis

a

b

c

d

Figure 4. Radiographic findings

a Degenerative spondylolisthesis at the L4/5 level. b Degenerative scoliosis with
lateral shifting of the L2 and L3 vertebrae indicating central and lateral recess
stenosis. c, d Congenitally narrow spinal canal with a narrow interpedicular dis-
tance and short pedicles.

Lumbar Spinal Stenosis Chapter 19 521



The spinous processes and laminae should be identified to diagnose any previous
surgical decompressive procedure. Scalloping of the posterior aspect of the verte-
bral body may suggest a congenital process such as achondroplasia, acromegaly,
neurofibromatosis, mucopolysaccharidosis, or a tumor.

Magnetic Resonance Imaging

MRI is the imaging study

of choice

Magnetic resonance imaging (MRI) is excellent in demonstrating potential
causes of nerve root compression, including spinal stenosis. Compared to com-
puted tomography (CT), MRI has a significant advantage because of its better
soft tissue resolution. Encroachment on the spinal canal with inward bulging of
discs and yellow ligaments usually plays a significant role in narrowing of the
bony spinal canal and can be depicted excellently by MRI.

MRI studies usually encompass a T1- and T2-weighted sagittal and a T2-
weighted axial scan. Characteristic findings of spinal stenosis include:

) thickened ligamentum flavum (Fig. 5a)
) facet joint hypertrophy (Fig. 5b)
) hourglass appearance of spinal canal on sagittal images (Fig. 5c)
) facet joint synovial cysts (Fig. 5d, e)
) trefoil appearance of the thecal sac (indicative of spinal lipomatosis)
) obliterated perineural fat in neural foramina (Fig. 5f)
) short pedicles
) vertebral endplate osteophytes

Parasagittal T1-weighted images define the integrity of the foramen. The normal
nerve root has a low signal and is surrounded by the higher intensity signal of fat.
Obliteration of the fat is indicative of a foraminal stenosis (Fig. 5f).

The extent of stenosis and

clinical symptoms are not

closely correlated

Stenosis is not a pathological entity per se as it appears in up to 21% of asymp-
tomatic subjects over 60 years of age on MR images [13]. In addition, a poor cor-
relation between radiological stenosis and symptoms is well established [33].

Debate arises about the value of a functional examination of the spinal canal. A
simple assessment of the postural influence, e.g. on a degenerative spondylolisthe-
sis, can be made by comparing the standard radiograph with the prone MRI. Often
a partial reduction during the prone position is seen which indicates the mobility
of the slip. Upright MRI has been reported to be helpful in the diagnostic assess-

Functional examinations

rarely change treatment

strategy

ment [88, 102], but the chance of detecting a pathology not seen on conventional
MRI which would change the therapeutic approach is minimal [101]. So far, no sin-
gle study has proven the added diagnostic value in terms of treatment decisions.

Computed Tomography and CT Myelography

CT is rarely needed in the presence of an MRI scan. The benefits of CT over plain
films are that it can provide greater resolution in terms of an increased ability to
appreciate density differences. A second advantage of CT is its ability to image in
different planes, either directly or by multiplanar reconstruction. On CT, midsag-
ittal lumbar canal diameters less than 10 mm are regarded as an absolute stenosis
and midsagittal lumbar canal diameters less than 13 mm represent a relative ste-
nosis [98].

CT myelography is an

alternative in case

of MRI contraindications

Compared to MR imaging, the disadvantage of CT is that it does not allow
good visualization of the nerve roots and exposes patients to radiation. If MRI is
not indicated (e.g. pacemaker, metallic artifacts), CT myelography provides the
best alternative to confirm nerve root involvement. However, CT myelography
may not display foraminal stenosis because the dural root sheath ends at the
entrance of the foramen.
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Figure 5. MRI characteristics of spinal stenosis

a Hypertrophy of the yellow ligament (arrowheads) on a T2W axial scan. b Facet joint hypertrophy with joint effusion
(arrowheads) on a T2W axial image. c Hourglass appearance of the spinal canal (arrowheads) on a sagittal T2W image.
d Large facet joint synovial cysts on the right side (arrowheads) and a small cyst on the left side (arrow). e A large facet
joint cyst is compressing the thecal sac shown on a T2W sagittal image. f Fat in the foramen appears with a bright signal
on T1W image (arrows). Obliterated perineural fat (arrowheads) in neural foramina indicating foraminal stenosis which is
aggravated by a small disc protrusion.

Neurophysiologic Studies

Neurophysiologic studies

are helpful in the diagnostic

work-up of equivocal cases

Neurophysiologic studies are a reasonable supplement to the clinical and radio-
logical assessments. Somatosensory evoked potentials (SSEPs) and motor
evoked potentials (MEPs) investigate the central nervous system pathways while
EMG and nerve conduction velocity (H-reflex, F-wave) are especially useful for
investigating peripheral sensorimotor pathways (see Chapter 12 ).

Neurophysiologic studies allow the affection of the cauda equina to be confirmed
in the majority of patients and provide a differential diagnosis from peripheral
neuropathy, musculoskeletal and vascular disorders, which are especially frequent
in the older population. In a study population of patients undergoing lumbar
decompression, the neurological examination was normal in 70% of patients or
showed only minor and non-specific motor and/or sensory deficits. However, 87%
of patients showed pathological electrophysiological recordings. The tibial SSEP
was delayed in 79% and the H-reflex in 56% of patients. A diminished compound
motor action potential (CMAP) was found in 39% of patients [20].
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Neurophysiologic assessment is indicated:

) to confirm the clinical relevance of imaging findings in equivocal cases
) to identify a peripheral neuropathy
) to differentiate radiculopathy and mononeuropathy
) to differentiate non-specific neurological complaints

Differential Diagnosis

The most common differential diagnosis of neurogenic claudication is intermit-
tent ischemic claudication due to peripheral vascular disease (Table 2):

Table 2. Differentiation of vascular and neurogenic claudication

Signs and symptoms Vascular Neurogenic

walking distance ) fixed ) variable
type of pain ) cramps, tightness ) dull ache, numbness
relief at cessation of activity ) immediate ) delayed
back pain ) rarely ) occasionally
pain relief ) standing ) flexion and sitting
posture provocation ) uncommon ) common
walking up hill ) pain ) no pain
bicycle riding ) pain ) no pain
pulses ) absent ) normal
trophic changes ) likely ) absent
muscle atrophy ) rarely ) occasionally

In equivocal cases, ultrasound screening for the presence of pulses and subse-
quently angiography is indicated for differential diagnosis. The bicycle test of
von Gelderen can be used to distinguish neurogenic from vascular claudication
syndromes [19]. Neurogenic claudication has been described as a result of spinal
arteriovenous malformations, but such a presentation is extremely rare. Tumors
of the cauda equina usually do not produce claudication symptoms. Other differ-
ential diagnoses are less frequent. Low-back pain and referred pain associated
with non-stenotic lumbar degenerative disease may sometimes mimic neuro-
genic claudication.

Peripheral neuropathy

is a frequent concomitant

finding or differential

diagnosis

Peripheral neuropathy is often found as an independent additional pathology
in elderly patients presenting with spinal stenosis. A preoperative diagnosis is
important for a proper consultation of the patient about the future treatment
result because the neuropathy will remain unaddressed and may result in patient
dissatisfaction.

Non-operative Treatment

The prevailing symptom of patients with lumbar spinal stenosis is neurogenic
claudication while back and radicular leg pain is less frequently a predominant
complaint. Neurogenic claudication results from a narrowing of the spinal canal,
nerve root canals, or intervertebral foramina which cannot be addressed by any
form of non-operative treatment. However, it is anecdotally well known that the
course of patients with spinal stenosis is sometimes very stable over time and
many patients report intermittent improvement.
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Natural History

Natural course of spinal

stenosis is generally benign

Little is known about the natural history of spinal stenosis. Some authors
reported that the natural course is benign and that the subjective and physical
manifestations can be remarkably stable [43]. After a mean follow-up period of
59 months, symptoms were unchanged in 70%, improved in 15%, and worsened
in 15% of patients [43]. Since no proof of deterioration was found, it was con-
cluded that expectant observation could be an alternative to surgery [43]. Despite
a benign natural history, the long term course is characterized by a slow deterio-
ration because the motion segment degeneration (Fig. 2) progressively leads to a
worsening of the stenosis. The end stage of the disease can be described in terms
of a completely immobilized patient in whom the stenosis severely impacts on
the remaining quality of life.

Non-operative Options

Conservative measures may be indicated to relieve symptoms in patients with
only mild and intermittent symptoms or only minimal interference with lifestyle
(Table 3):

Table 3. Favorable indications for non-operative treatment

) mild claudication symptoms ) concomitant back pain
) mild to moderate radiculopathy ) minimal interference with lifestyle
) absence of motor deficits

Conservative therapy may be the first choice if surgery is associated with a poten-
tially high perioperative risk for general medical reasons.

Conservative treatment options may consist of:

) medication (analgetics, NSAIDs, muscle relaxants)
) administration of calcitonin (nasal spray, subcutaneous, intramuscular)
) postural education
) therapeutic exercise with avoidance of extension
) epidural infiltration of corticosteroids (see Chapter 10 )

The scientific evidence for

the effectiveness of conser-

vative measures is limited

Various types of oral medication are available to control pain in patients with spi-
nal stenosis and help to control the symptoms. However, there is no evidence in
the literature on the clinical effectiveness. The administration of calcitonin has
been reported to improve the symptoms of neurogenic claudication [22, 75].
However, a recent well-conducted randomized controlled study [73] did not find
evidence that nasal application of calcitonin is more effective than placebo treat-
ment. Some patients may improve their function as a result of postural education
and instructions for a home exercise program. As extension worsens the symp-
toms by reducing the size of the spinal canal, it is obvious that extension exercises
must be avoided. Epidural injections anecdotally have a temporary beneficial
effect and may be considered as a treatment in elderly patients in whom surgery
would be too risky or who refused surgery. However, the therapeutic value of epi-
dural injections in all lumbar spinal disorders and particularly in spinal stenosis
(see Chapter 10 ) remains controversial [26, 60, 84].

Well conducted studies comparing conservative with surgical treatment are
few in number and difficult to compare because of the heterogeneity of the study
population. However, studies comparing non-operative and surgical treatment
demonstrated better overall results of surgery [4, 7, 8, 44]. Moreover, only one
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single randomized study compared short- and long-term results of medical and
surgical therapy. Amundsen et al. [4] concluded that an initial conservative
approach is advisable for oligosymptomatic patients because those with an
unsatisfactory result can be treated surgically later without impairment of the
prognosis.

Operative Treatment

General Principles

Surgery for lumbar spinal stenosis is generally accepted when conservative treat-
ment has failed or if the stenosis substantially impacts on the patients’ lifestyle.
The general goals of the operative treatment are to improve quality of life by
reducing symptoms such as those in Table 4:

Table 4. Indications for surgery

) moderate to severe claudication symptoms ) significant interference with lifestyle
) progressive neurological deficits (rare) ) cauda equina syndrome (very rare)

With the exception of a cauda equina syndrome or progressive neurologic defi-
cits, the indication for surgery remains relative and is dominated by the subjec-
tive interference with the patients’ quality of life.

Surgical Techniques

The surgical technique is largely dependent on the type of stenosis (i.e. central,
lateral recess, or foraminal) and the presence of concomitant back pain. The
principal surgical options for decompression of central and/or lateral spinal ste-
nosis are:

) decompression (uni-/bilateral laminotomy or laminectomy)
) decompression with non-instrumented fusion
) decompression with instrumented fusion

Laminotomy and Laminectomy

Laminectomy may

increase or create

segmental instability

The objective of decompression is to create more space for the cauda equina and
nerve roots by liberating the neural structures from compressing soft tissues
(disc herniation, hypertrophied flavum, thickened facet joint capsules) and osse-
ous structures (hypertrophied facet joints, osteophytes). Until the last decade,
total laminectomy was the standard method of decompression in central spinal
stenosis. However, the recognition that total laminectomy may increase or cause
segmental instability [31, 35] has led to a more conservative approach, preserv-
ing the lamina and only removing those parts which actually cause the stenosis
[91].

Selective decompression is the surgical technique of choice in patients pre-
senting with neurogenic claudication without relevant back pain (Case Study 1).
Favorable indications include:

) central stenosis predominantly due to flavum hypertrophy
) nerve root claudication due to lateral recess stenosis
) absence of degenerative spondylolisthesis and scoliosis
) absence of osseous foraminal stenosis
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Case Study 1

A 26-year-old male complained of severe bilateral leg pain which was worse on
walking. He did not report any significant back pain. Physiotherapy was not
helpful and the patient was severely incapacitated by the pain. NSAIDs had
only little effect. A lateral radiograph (a) revealed evidence for a congenitally
narrow spinal canal with short pedicles (arrows). T1W (b) and T2W (c) sagittal
images demonstrated a narrow spinal canal with secondary degenerative
changes. Disc protrusions (arrowheads) and hypertrophied flavum (arrows) at
the level of L4/5 and L5/S1 worsened the preexisting narrow spinal canal. The
axial T2W image (b) showed a severe stenosis at the level of L4/5. Note the
rather advanced degenerative changes of the facet joint (arrowheads) already
in young age. The patient was treated by a selective bilateral decompression
with preservation of the interspinous ligaments and undercutting of the lami-
nae. At 6 weeks postoperatively the patient was completely pain free and
resumed normal activities.

Decompression alone

is indicated in patients

without deformity

This procedure (Fig. 6) can be performed with the assistance of loops or the
microscope although there is no evidence for the superiority of a microsurgical
approach. A technical detail is related to the preservation of the facet joint cap-
sules when an undercutting medial facetectomy is required to decompress the
thecal sac.

In selected cases, a unilateral approach suffices to bilaterally decompress the
thecal sac (over-the-top technique) by undercutting of the laminae, preserving
the interspinous ligaments and the contralateral muscles [53].

Total laminectomy is still indicated in cases in which the thecal sac cannot be
sufficiently decompressed or the access to the foramen is obliterated (foraminal
stenosis). In rare cases of cauda equina syndrome, total laminectomy is indicated
to ensure adequate neural decompression. Laminectomy alone should be
avoided in cases with preexisting instability such as:

) degenerative spondylolisthesis
) isthmic spondylolisthesis with secondary degenerative changes
) degenerative scoliosis

Clinical outcomes

of laminectomy and

laminotomy are similar

Clinical results of decompressive laminectomy are favorable with appropriate
indications accounting for preexisting instability. Patient satisfaction varies from
57% to 81% with regard to excellent to good results [1, 38, 39, 41, 45, 46, 48, 49,
78, 79, 83, 89]. While the postoperative outcome of decompressive laminectomy
is well maintained for several years after surgery, the condition is known to dete-
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Figure 6. Surgical decompression of a spinal stenosis

a A midline approach exposes the interlaminar windows L3/4 and L4/5 as well as the facet joints to decompress a spinal
stenosis at these levels. b The supra- and interspinous ligaments are resected under the preservation of the spinous pro-
cess. The interlaminar window is opened with a Kerrison rongeur and the compressing bone and hypertrophied flavum
are removed. c It is important to realize that the narrowest part of the stenosis is always under the lamina. Therefore, the
lamina has to be resected (laminotomy) in the caudal third or half. The remaining part needs to be undercut from the
superior and inferior sides, respectively. d In some cases, the undercutting of the lamina does not suffice for an adequate
decompression and the lamina needs to be resected.

riorate in longer follow-up [45, 49, 89]. Clinical results of decompression on open
(50–90%) [6, 80, 95] or microsurgical [53, 96] laminotomy are quite similar to
those achieved by laminectomy. Although it is generally assumed that laminec-
tomy may increase or cause vertebral instability [31, 35], no difference in clinical
outcomes or spondylolisthesis progression between the two treatment methods
was seen in two studies [95, 96], especially not when the motion segments were
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fully stable preoperatively and were not made unstable by a total laminectomy
[29, 80].

Decompression and Spinal Fusion

The addition of fusion with or without instrumentation to surgical decompres-
sion is generally recommended when segmental instability is assumed. However,
the radiologic assessment of segmental instability remains a matter of debate.
Decompression and fusion are considered by many spine surgeons in case of:

) segmental instability (degenerative spondylolisthesis and scoliosis)
) concomitant moderate to severe back pain
) necessity for a wide decompression
) recurrent spinal stenosis

Instrumented fusion

provides higher fusion rates

and better long term

outcome

The best fusion technique (Case Introduction, Case Study 2) is still controversial,
and the evidence in the literature favoring one technique over the other is still
sparse [27, 28, 63]. Most information relates to cases in which degenerative spon-
dylolisthesis is associated with spinal stenosis. Herkowitz et al. [31] prospectively
compared decompression alone versus decompression and non-instrumented
fusion in 50 patients who had spinal stenosis and degenerative spondylolisthesis.
The authors concluded that in the patients who had had a concomitant fusion,
the results were significantly better with respect to relief of pain in the back and
lower limbs. In a subsequent study, Fishgrund et al. [24] prospectively random-
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Case Study 2

A 71-year-old female presented with
buttock and posterior thigh pain
only while walking. She was asymp-
tomatic while sitting, lying and
riding a bicycle. The painfree walking
distance was limited to about 200 m.
The standard lateral radiograph (a)
exhibited a degenerative spondylo-
listhesis at the level of L4/5. A T2W
image (b) confirmed the suspected
diagnosis of a concomitant spinal
stenosis at this level (arrow). Note
the hypertrophied flavum (arrow-
heads) and degenerative changes of the facet joints (arrows) (c). Since the patient did not report any back pain, a lamina
preserving decompression was performed. The degenerative spondylolisthesis was addressed by a non-instrumented
fusion to improve long term outcome. At 2 years postoperatively the fusion was solid (arrows) (d, e). The patient was pain
free and able to perform all her desired activities.
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ized 67 patients comparing instrumented (pedicle screw fixation) versus non-
instrumented fusion. Clinical outcome was excellent or good in 76% of the
instrumented and 85% of the non-instrumented cases. This difference was not
statistically significant. However, successful fusion was significantly higher in the
instrumented group (82 vs. 45%). The authors concluded that the use of pedicle
screws may lead to a higher fusion rate, but clinical outcome shows no improve-
ment in pain in the back and lower limbs. However, Kornblum et al. [57] demon-
strated the long term (5–14 years) benefits of a successful fusion over non-union
with respect to back and lower limb symptoms in patients with degenerative
spondylolisthesis and spinal stenosis.

The need for an additional

interbody fusion is not

supported by the literature

There is no evidence in the literature that an additional interbody fusion by an
anterior (ALIF) or posterior (PLIF, TLIF) approach improves outcome. Newer
techniques such as interspinous spacer stabilization are still evolving and conclu-
sions on clinical effectiveness are premature [105].

Operative Risks and Complications

Reoperation rates for decompressive laminectomy vary from 7% to 23% [32, 35,
40, 49]. In a cohort study [64], the cumulative incidence of reoperation among
patients who underwent surgery for spinal stenosis was slightly higher following
initial fusion (19.9%) than decompression alone (16.8%). Reoperation among
patients initially presenting with spondylolisthesis was lower with fusion
(17.1%) than with decompression alone (28%). These findings are supported by
controlled trials indicating better outcome for fusion than decompression alone
when spondylolisthesis is present [24, 31]. Interestingly, this data suggests that
over 60% of reoperations following fusion are associated with device complica-
tions or non-union, rather than new levels of disease or disease progression.

In a population based study of reoperation after back surgery [37], the sub-
group spinal stenosis showed a complication rate for laminectomy alone and
decompression with fusion of 4.6% and 7.7%, respectively. Reoperation after
laminectomy was seen in 10% of the cases, which was equal to the 10.2% after
decompression with fusion.

Patients with spinal stenosis

often present with

significant comorbidities

which influence the

surgical strategy

The morbidity associated with surgical treatment of lumbar stenosis in the
elderly is an important aspect as those patients often present with a number of
preexisting cardiovascular, pulmonary, or metabolic comorbidities [15, 18, 47,
49]. Advanced age does not increase the morbidity, nor does it decrease patient
satisfaction or lengthen the return to activity [25, 81]. An increased complication
rate has also been shown to be associated with spinal fusion performed for lum-
bar stenosis in elderly patients [15, 18, 94]. Therefore less invasive surgical
approaches may be of particular interest. Mortality rate has been found to be
approximately 0.6–0.8% [18, 92].
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Recapitulation

Epidemiology. Spinal stenosis can be found in up
to 80 % of individuals aged over 70 years. However,
about 20 % of asymptomatic individuals demon-
strate signs of spinal stenosis on MRI indicating that
there is no strong correlation with the imaging find-
ings. The rate of spinal surgery for spinal stenosis is
about 10 per 100 000 individuals per year.

Pathogenesis. The pathomechanism of central

spinal stenosis is predominantly related to a hyper-

trophy of the yellow ligament which is a result of a
compensatory mechanism to restabilize a segmen-
tal hypermobility. Furthermore, bony canal com-
promise is caused by the occurrence of facet joint
enlargement (osteoarthrosis), osteophyte forma-

tion, and degenerative spondylolisthesis. This fi-
nally results in a progressive compression of the
cauda equina. A congenitally narrow spinal canal is
a rare cause of spinal stenosis. Claudication symp-
toms can be explained by the neurogenic compres-
sion and/or the vascular compression theory. It is
assumed that both mechanisms play a role. Me-

chanical nerve root compression results in de-
creased nutrition, microvascular changes, edema
and fibrosis. The vascular compression theory sug-
gests that spinal stenosis has pathologic effects on
the blood supply of the cauda equina. It is assumed
that venous congestion within the nerve root(s)
between the levels of stenosis leads to a compro-
mised nutrition and results in clinical symptoms.

Clinical presentation. The prevailing symptom of
spinal stenosis is neurogenic claudication, which
can be described as numbness, weakness and dis-
comfort in the legs while walking or prolonged
standing. In contrast to vascular claudication,
symptoms improve by forward bending. Objective
neurological deficits are rarely present during rest.
These symptoms may or may not be associated
with back pain but usually patients suffer much
more from the claudication symptoms while they
can live with the back pain. Radicular claudication

is caused by a lateral recess or foraminal stenosis
and results in nerve root pain while walking and
prolonged standing.

Diagnostic work-up. The imaging modality of
choice is MRI, which allows a precise depiction of
the pathoanatomy in terms of the central and fo-

raminal stenosis. Standing radiographs are useful to
diagnose a concomitant degenerative spondylolis-

thesis or scoliosis. Radiographs may also indicate a
congenitally narrow spinal canal. Neurophysiologic

studies are indicated to confirm the significance of a
mild to moderate spinal stenosis with equivocal
symptoms. They are also helpful in confirming a radi-
culopathy in case of a lateral recess or foraminal ste-
nosis. In elderly patients, peripheral neuropathy is
frequent, which can be detected by electrophysiolo-
gy. The most important differential diagnosis is pe-
ripheral vascular disease, which has to be ruled out
by vascular status and in some cases angiography.

Non-operative treatment. Conservative measures
cannot influence the natural history of spinal steno-
sis, which is a progressive degenerative disease
leading to an increasing immobilization of the pa-
tient. However, non-operative treatment may be
considered in cases with only mild to moderate ste-
nosis and only minimal interference with lifestyle.
Treatment options consist of medication (analge-
sics, NSAIDs, muscle relaxants), administration of
calcitonin, postural education, physical therapy and
epidural injections. There is only sparse scientific
evidence in support of the clinical effectiveness of
any such measures compared to the natural history.

Operative treatment. The treatment of choice is
spinal decompression. In the early years, laminec-

tomy was considered the standard surgical treat-
ment and is still indicated in severe stenosis. How-
ever, reports on increasing segmental instability
have resulted in a shift to a more conservative ap-
proach preserving the posterior elements as much
as possible. Today, laminotomy is the preferred

treatment in cases presenting without additional
deformity or putative segmental instability. This ap-
proach can even be performed by minimal access

surgery under microscopic guidance. When degen-
erative spondylolisthesis or scoliosis or significant
concomitant back pain due to facet joint osteoar-
thritis is present, fusion is considered an important
adjunct to decompression. Instrumented fusion re-
sults in a higher fusion rate and a better long term

outcome than non-instrumented fusion. Many
spine surgeons therefore favor instrumented fusion
although the scientific evidence for this approach is
still weak.
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Key Articles

Verbiest H (1954) A radicular syndrome from developmental narrowing of the lumbar
vertebral canal. J Bone Joint Surg Br 36-B:230–7
Classic article on the clinical presentation of neurogenic claudication as a result of spinal
stenosis.

Amundsen T, Weber H, Nordal HJ, Magnaes B, Abdelnoor M, Lilleas F (2000) Lumbar
spinal stenosis: conservative or surgical management? A prospective 10-year study.
Spine 25(11):1424–35
A cohort of 100 patients with symptomatic lumbar spinal stenosis were given surgical or
conservative treatment and followed for 10 years. Nineteen patients with severe symp-
toms were selected for surgical treatment and 50 patients with moderate symptoms for
conservative treatment, whereas 31 patients were randomized between the conservative
(n=18) and surgical (n=13) treatment groups. After a period of 4 years, excellent or fair
results were found in half of the patients selected for conservative treatment, and in four-
fifths of the patients selected for surgery. Patients with an unsatisfactory result from con-
servative treatment were offered delayed surgery after 3–27 months. The treatment result
of delayed surgery was essentially similar to that of the initial group. The treatment result
for the patients randomized for surgical treatment was considerably better than for the
patients randomized for conservative treatment. Clinically significant deterioration of
symptoms during the final 6 years of the follow-up period was not observed. Patients with
multilevel afflictions, surgically treated or not, did not have a poorer outcome than those
with single-level afflictions. The authors concluded that the outcome was most favorable
for surgical treatment. However, an initial conservative approach seems advisable for
many patients because those with an unsatisfactory result can be treated surgically later
with a good outcome.

Grob D, Humke T, Dvorak J (1995) Degenerative lumbar spinal stenosis. Decompression
with and without arthrodesis. J Bone Joint Surg Am 77:1036–41
The authors prospectively evaluated the results of decompression of the spine, with and
without spinal fusion, for the treatment of lumbar spinal stenosis without instability in 45
patients. The patients were randomly assigned to one of three treatment groups: Group I
was treated with decompression with laminotomy and medial facetectomy; Group II,
with decompression and arthrodesis of the most stenotic segment; and Group III, with
decompression and spinal fusion of all decompressed vertebral segments. After
24–32 months, all three groups had a significant improvement in walking distance. With
the numbers available, there were no significant differences in the results among the three
groups with regard to the relief of pain. The authors concluded that spinal fusion is not
necessary in patients presenting with spinal stenosis in the absence of segmental instabil-
ity.

Herkowitz HN, Kurz LT (1991) Degenerative lumbar spondylolisthesis with spinal ste-
nosis. A prospective study comparing decompression with decompression and inter-
transverse process arthrodesis. J Bone Joint Surg Am 73:802–8
In a prospective study, 50 patients who had spinal stenosis associated with degenerative
lumbar spondylolisthesis were prospectively studied to determine if concomitant inter-
transverse-process arthrodesis provided better results than decompressive laminectomy
alone. After 2–4 years, patients with concomitant fusion had the significantly better
results with respect to relief of pain in the back and lower limbs.

Fischgrund JS, Mackay M, Herkowitz HN, Brower R, Montgomery DM, Kurz LT (1997)
Degenerative lumbar spondylolisthesis with spinal stenosis: a prospective, randomized
study comparing decompressive laminectomy and arthrodesis with and without spinal
instrumentation. Spine 22(24):2807–12
In this prospective study patients with degenerative spondylolisthesis and spinal stenosis
were randomized into groups with and without pedicle screw instrumentation as an
adjunct to decompression and posterolateral fusion. After a 2-year follow-up, clinical
outcome was excellent or good in 76% of the patients with instrumentation and in 85%
without instrumentation. Successful fusion occurred in 82% of the instrumented cases
versus 45% of the non-instrumented cases (p<0.0015). However, successful fusion did
not influence patient outcome (p=0.435). The authors concluded that the use of pedicle
screws may lead to a higher fusion rate, but clinical outcome shows no improvement
regarding pain in the back and lower limbs.

532 Section Degenerative Disorders



Key Articles

Kornblum MB, Fischgrund JS, Herkowitz HN, Abraham DA, Berkower DL, Ditkoff JS
(2004) Degenerative lumbar spondylolisthesis with spinal stenosis: a prospective long
term study comparing fusion and pseudarthrosis. Spine 29:726–33
A longer term follow-up (5–14 years) of the previous study indicated that clinical out-
come was excellent to good in 86% of patients with a solid fusion and in 56% of patients
with a non-union (p<0.01). The solid fusion group performed significantly better in the
symptom severity and physical function categories on the self-administered question-
naire. The authors concluded that in patients undergoing single-level decompression and
posterolateral arthrodesis for spinal stenosis and concurrent spondylolisthesis, a solid
fusion improves long-term clinical outcome.

Weinstein JN, Tosteson TD, Lurie JD, Tosteson AN, Blood E, Hanscom B, Herkowitz H,
Cammisa F, Albert T, Boden SD, Hilibrand A, Goldberg H, Berven S, An H (2008) Surgi-
cal versus nonsurgical therapy for lumbar spinal stenosis. N Engl J Med 358:794–810
In this very recent landmark study, study patients with a history of at least 12 weeks of
symptoms and spinal stenosis without spondylolisthesis were enrolled in either a ran-
domized cohort (n=289) or an observational cohort (n=365) at 13 U.S. spine clinics.
Treatment consisted either of decompressive surgery or usual non-surgical care. At
2 years, 67% of patients who were randomly assigned to surgery had undergone surgery,
whereas 43% of those who were randomly assigned to receive non-surgical care had also
undergone surgery. Despite the high level of non-adherence, the intention-to-treat analy-
sis of the randomized cohort showed a significant treatment effect favoring surgery on the
SF-36 scale for bodily pain. However, there was no significant difference in scores on phys-
ical function or on the Oswestry Disability Index. The as-treated analysis, which combined
both cohorts and was adjusted for potential confounders, showed a significant advantage
for surgery by 3 and 24 months postoperatively for all primary outcomes. In the combined
as-treated analysis, patients who underwent surgery showed significantly more improve-
ment in all primary outcomes than did patients who were treated non-surgically.

References

1. Airaksinen O, Herno A, Turunen V, Saari T, Suomlainen O (1997) Surgical outcome of 438
patients treated surgically for lumbar spinal stenosis. Spine 22:2278–82

2. Amonoo-Kuofi HS, Patel PJ, Fatani JA (1990) Transverse diameter of the lumbar spinal canal
in normal adult Saudis. Acta Anat (Basel) 137:124–8

3. Amundsen T, Weber H, Lilleas F, Nordal HJ, Abdelnoor M, Magnaes B (1995) Lumbar spinal
stenosis. Clinical and radiologic features. Spine 20:1178–86

4. Amundsen T, Weber H, Nordal HJ, Magnaes B, Abdelnoor M, Lilleas F (2000) Lumbar spinal
stenosis: conservative or surgical management?: A prospective 10-year study. Spine
25:1424–35; discussion 1435–6

5. Arnoldi CC, Brodsky AE, Cauchoix J, Crock HV, Dommisse GF, Edgar MA, Gargano FP,
Jacobson RE, Kirkaldy-Willis WH, Kurihara A, Langenskiold A, Macnab I, McIvor GW,
Newman PH, Paine KW, Russin LA, Sheldon J, Tile M, Urist MR, Wilson WE, Wiltse LL
(1976) Lumbar spinal stenosis and nerve root entrapment syndromes. Definition and clas-
sification. Clin Orthop Relat Res:4–5

6. Aryanpur J, Ducker T (1990) Multilevel lumbar laminotomies: an alternative to laminec-
tomy in the treatment of lumbar stenosis. Neurosurgery 26:429–32; discussion 433

7. Atlas SJ, Deyo RA, Keller RB, Chapin AM, Patrick DL, Long JM, Singer DE (1996) The Maine
Lumbar Spine Study, Part III. 1-year outcomes of surgical and nonsurgical management of
lumbar spinal stenosis. Spine 21:1787–94; discussion 1794–5

8. Atlas SJ, Keller RB, Robson D, Deyo RA, Singer DE (2000) Surgical and nonsurgical manage-
ment of lumbar spinal stenosis: four-year outcomes from the Maine Lumbar Spine Study.
Spine 25:556–62

9. Baker AR, Collins TA, Porter RW, Kidd C (1995) Laser Doppler study of porcine cauda
equina blood flow. The effect of electrical stimulation of the rootlets during single and dou-
ble site, low pressure compression of the cauda equina. Spine 20:660–4

10. Bennett GJ, Xie YK (1988) A peripheral mononeuropathy in rat that produces disorders of
pain sensation like those seen in man. Pain 33:87–107

11. Berney J (1994) [Epidemiology of narrow spinal canal]. Neurochirurgie 40:174–8
12. Boden SD (1996) The use of radiographic imaging studies in the evaluation of patients who

have degenerative disorders of the lumbar spine. J Bone Joint Surg Am 78:114–24

Lumbar Spinal Stenosis Chapter 19 533



13. Boden SD, Davis DO, Dina TS, Patronas NJ, Wiesel SW (1990) Abnormal magnetic-reso-
nance scans of the lumbar spine in asymptomatic subjects. A prospective investigation. J
Bone Joint Surg Am 72:403–8

14. Bolender NF, Schonstrom NS, Spengler DM (1985) Role of computed tomography and mye-
lography in the diagnosis of central spinal stenosis. J Bone Joint Surg Am 67:240–6

15. Ciol MA, Deyo RA, Howell E, Kreif S (1996) An assessment of surgery for spinal stenosis:
time trends, geographic variations, complications, and reoperations. J Am Geriatr Soc
44:285–90

16. De Villiers PD, Booysen EL (1976) Fibrous spinal stenosis. A report on 850 myelograms with
a water-soluble contrast medium. Clin Orthop Relat Res:140–4

17. Delamarter RB, Bohlman HH, Dodge LD, Biro C (1990) Experimental lumbar spinal steno-
sis. Analysis of the cortical evoked potentials, microvasculature, and histopathology. J Bone
Joint Surg Am 72:110–20

18. Deyo RA, Cherkin DC, Loeser JD, Bigos SJ, Ciol MA (1992) Morbidity and mortality in asso-
ciation with operations on the lumbar spine. The influence of age, diagnosis, and procedure.
J Bone Joint Surg Am 74:536–43

19. Dyck P, Doyle JB, Jr. (1977) “Bicycle test” of van Gelderen in diagnosis of intermittent cauda
equina compression syndrome. Case report. J Neurosurg 46:667–70

20. Egli D, Hausmann O, Ramseier L, Schmid MR, Boos N, Curt A (2007) Confirmation of cauda
equina affection in severe lumbar spinal canal stenosis by electrophysiological recordings.
J Neurology (in press)

21. Epstein BS, Epstein JA, Jones MD (1978) Anatomicroradiological correlations in cervical
spine discal disease and stenosis. Clin Neurosurg 25:148–73

22. Eskola A, Pohjolainen T, Alaranta H, Soini J, Tallroth K, Slatis P (1992) Calcitonin treatment
in lumbar spinal stenosis: a randomized, placebo-controlled, double-blind, cross-over
study with one-year follow-up. Calcif Tissue Int 50:400–3

23. Fanuele JC, Birkmeyer NJ, Abdu WA, Tosteson TD, Weinstein JN (2000) The impact of spinal
problems on the health status of patients: have we underestimated the effect? Spine
25:1509–14

24. Fischgrund JS, Mackay M, Herkowitz HN, Brower R, Montgomery DM, Kurz LT (1997) 1997
Volvo Award winner in clinical studies. Degenerative lumbar spondylolisthesis with spinal
stenosis: a prospective, randomized study comparing decompressive laminectomy and
arthrodesis with and without spinal instrumentation. Spine 22:2807–12

25. Fredman B, Arinzon Z, Zohar E, Shabat S, Jedeikin R, Fidelman ZG, Gepstein R (2002)
Observations on the safety and efficacy of surgical decompression for lumbar spinal steno-
sis in geriatric patients. Eur Spine J 11:571–4

26. Fukusaki M, Kobayashi I, Hara T, Sumikawa K (1998) Symptoms of spinal stenosis do not
improve after epidural steroid injection. Clin J Pain 14:148–51

27. Gibson JN, Grant IC, Waddell G (1999) The Cochrane review of surgery for lumbar disc pro-
lapse and degenerative lumbar spondylosis. Spine 24:1820–32

28. Gibson JN, Waddell G (2005) Surgery for degenerative lumbar spondylosis: updated Coch-
rane Review. Spine 30:2312–20

29. Grob D, Humke T, Dvorak J (1995) Degenerative lumbar spinal stenosis. Decompression
with and without arthrodesis. J Bone Joint Surg Am 77:1036–41

30. Hart LG, Deyo RA, Cherkin DC (1995) Physician office visits for low back pain. Frequency,
clinical evaluation, and treatment patterns from a U.S. national survey. Spine 20:11–9

31. Herkowitz HN, Kurz LT (1991) Degenerative lumbar spondylolisthesis with spinal stenosis.
A prospective study comparing decompression with decompression and intertransverse
process arthrodesis. J Bone Joint Surg Am 73:802–8

32. Herno A, Airaksinen O, Saari T (1993) Long-term results of surgical treatment of lumbar
spinal stenosis. Spine 18:1471–4

33. Herno A, Airaksinen O, Saari T (1994) Computed tomography after laminectomy for lum-
bar spinal stenosis. Patients’ pain patterns, walking capacity, and subjective disability had
no correlation with computed tomography findings. Spine 19:1975–8

34. Herno A, Saari T, Suomalainen O, Airaksinen O (1999) The degree of decompressive relief
and its relation to clinical outcome in patients undergoing surgery for lumbar spinal steno-
sis. Spine 24:1010–4

35. Hopp E, Tsou PM (1988) Postdecompression lumbar instability. Clin Orthop Relat Res
227:143–51

36. Howe JF, Loeser JD, Calvin WH (1977) Mechanosensitivity of dorsal root ganglia and chron-
ically injured axons: a physiological basis for the radicular pain of nerve root compression.
Pain 3:25–41

37. Hu RW, Jaglal S, Axcell T, Anderson G (1997) A population-based study of reoperations after
back surgery. Spine 22:2265–70; discussion 2271

38. Iguchi T, Kurihara A, Nakayama J, Sato K, Kurosaka M, Yamasaki K (2000) Minimum 10-
year outcome of decompressive laminectomy for degenerative lumbar spinal stenosis. Spine
25:1754–9

534 Section Degenerative Disorders



39. Iguchi T, Wakami T, Kurihara A, Kasahara K, Yoshiya S, Nishida K (2002) Lumbar multilevel
degenerative spondylolisthesis: radiological evaluation and factors related to anterolisthesis
and retrolisthesis. J Spinal Disord Tech 15:93–9

40. Jansson KA, Blomqvist P, Granath F, Nemeth G (2003) Spinal stenosis surgery in Sweden
1987–1999. Eur Spine J 12:535–41

41. Javid MJ, Hadar EJ (1998) Long-term follow-up review of patients who underwent laminec-
tomy for lumbar stenosis: a prospective study. J Neurosurg 89:1–7

42. Johnsson KE (1995) Lumbar spinal stenosis. A retrospective study of 163 cases in southern
Sweden. Acta Orthop Scand 66:403–5

43. Johnsson KE, Rosen I, Uden A (1992) The natural course of lumbar spinal stenosis. Clin
Orthop Relat Res:82–6

44. Johnsson KE, Uden A, Rosen I (1991) The effect of decompression on the natural course
of spinal stenosis. A comparison of surgically treated and untreated patients. Spine 16:
615–9

45. Jonsson B, Annertz M, Sjoberg C, Stromqvist B (1997) A prospective and consecutive study
of surgically treated lumbar spinal stenosis. Part II: Five-year follow-up by an independent
observer. Spine 22:2938–44

46. Katz JN, Dalgas M, Stucki G, Katz NP, Bayley J, Fossel AH, Chang LC, Lipson SJ (1995)
Degenerative lumbar spinal stenosis. Diagnostic value of the history and physical examina-
tion. Arthritis Rheum 38:1236–41

47. Katz JN, Lipson SJ, Brick GW, Grobler LJ, Weinstein JN, Fossel AH, Lew RA, Liang MH
(1995) Clinical correlates of patient satisfaction after laminectomy for degenerative lumbar
spinal stenosis. Spine 20:1155–60

48. Katz JN, Lipson SJ, Chang LC, Levine SA, Fossel AH, Liang MH (1996) Seven- to 10-year out-
come of decompressive surgery for degenerative lumbar spinal stenosis. Spine 21:92–8

49. Katz JN, Lipson SJ, Larson MG, McInnes JM, Fossel AH, Liang MH (1991) The outcome of
decompressive laminectomy for degenerative lumbar stenosis. J Bone Joint Surg Am 73:
809–16

50. Katz JN, Wright EA, Guadagnoli E, Liang MH, Karlson EW, Cleary PD (1994) Differences
between men and women undergoing major orthopedic surgery for degenerative arthritis.
Arthritis Rheum 37:687–94

51. Kelly DT (1997) 1996 Paul Dudley White International Lecture: Our Future Society: A
Global Challenge. Circulation 95:2459–2464

52. Kent DL, Haynor DR, Larson EB, Deyo RA (1992) Diagnosis of lumbar spinal stenosis in
adults: a metaanalysis of the accuracy of CT, MR, and myelography. AJR Am J Roentgenol
158:1135–44

53. Khoo LT, Fessler RG (2002) Microendoscopic decompressive laminotomy for the treatment
of lumbar stenosis. Neurosurgery 51:S146–54

54. Kirkaldy-Willis WH, Paine KW, Cauchoix J, McIvor G (1974) Lumbar spinal stenosis. Clin
Orthop 99:30–50

55. Kirkaldy-Willis WH, Wedge JH, Yong-Hing K, Reilly J (1978) Pathology and pathogenesis of
lumbar spondylosis and stenosis. Spine 3:319–28

56. Kirkaldy-Willis WH, Wedge JH, Yong-Hing K, Tchang S, de Korompay V, Shannon R (1982)
Lumbar spinal nerve lateral entrapment. Clin Orthop Relat Res:171–8

57. Kornblum MB, Fischgrund JS, Herkowitz HN, Abraham DA, Berkower DL, Ditkoff JS (2004)
Degenerative lumbar spondylolisthesis with spinal stenosis: a prospective long-term study
comparing fusion and pseudarthrosis. Spine 29:726–33; discussion 733–4

58. Larsen JL, Smith D (1980) Size of the subarachnoid space in stenosis of the lumbar canal.
Acta Radiol Diagn (Stockh) 21:627–32

59. Lee HM, Kim NH, Kim HJ, Chung IH (1995) Morphometric study of the lumbar spinal canal
in the Korean population. Spine 20:1679–84

60. Leonardi M, Pfirrmann CW, Boos N (2006) Injection studies in spinal disorders. Clin
Orthop Relat Res 443:168–82

61. Long DM, BenDebba M, Torgerson WS, Boyd RJ, Dawson EG, Hardy RW, Robertson JT,
Sypert GW, Watts C (1996) Persistent back pain and sciatica in the United States: patient
characteristics. J Spinal Disord 9:40–58

62. Lundborg G (1975) Structure and function of the intraneural microvessels as related to
trauma, edema formation, and nerve function. J Bone Joint Surg Am 57:938–48

63. Mardjetko SM, Connolly PJ, Shott S (1994) Degenerative lumbar spondylolisthesis. A meta-
analysis of literature 1970–1993. Spine 19:2256S–2265S

64. Martin BI, Mirza SK, Comstock BA, Gray DT, Kreuter W, Deyo RA (2007) Reoperation rates fol-
lowing lumbar spine surgery and the influence of spinal fusion procedures. Spine 32:382–7

65. Miller JA, Schmatz C, Schultz AB (1988) Lumbar disc degeneration: correlation with age,
sex, and spine level in 600 autopsy specimens. Spine 13:173–8

66. Niggemeyer O, Strauss JM, Schulitz KP (1997) Comparison of surgical procedures for
degenerative lumbar spinal stenosis: a meta-analysis of the literature from 1975 to 1995. Eur
Spine J 6:423–9

Lumbar Spinal Stenosis Chapter 19 535



67. Olmarker K, Rydevik B (1992) Single- versus double-level nerve root compression. An
experimental study on the porcine cauda equina with analyses of nerve impulse conduction
properties. Clin Orthop Relat Res:35–9

68. Olmarker K, Rydevik B, Hansson T, Holm S (1990) Compression-induced changes of the
nutritional supply to the porcine cauda equina. J Spinal Disord 3:25–9

69. Olmarker K, Rydevik B, Holm S (1989) Edema formation in spinal nerve roots induced by
experimental, graded compression. An experimental study on the pig cauda equina with
special reference to differences in effects between rapid and slow onset of compression.
Spine 14:569–73

70. Ooi Y, Mita F, Satoh Y (1990) Myeloscopic study on lumbar spinal canal stenosis with special
reference to intermittent claudication. Spine 15:544–9

71. Panjabi MM, Goel V, Oxland T, Takata K, Duranceau J, Krag M, Price M (1992) Human lum-
bar vertebrae. Quantitative three-dimensional anatomy. Spine 17:299–306

72. Piera V, Rodriguez A, Cobos A, Hernandez R, Cobos P (1988) Morphology of the lumbar
vertebral canal. Acta Anat (Basel) 131:35–40

73. Podichetty VK, Segal AM, Lieber M, Mazanec DJ (2004) Effectiveness of salmon calcitonin
nasal spray in the treatment of lumbar canal stenosis: a double-blind, randomized, placebo-
controlled, parallel group trial. Spine 29:2343–9

74. Portal A (1802) Cours d’anatomie medicale ou elements de l’anatomie de l’homme, vol 1.
Badoin, Paris, pp 299

75. Porter RW, Hibbert C (1983) Calcitonin treatment for neurogenic claudication. Spine
8:585–92

76. Porter RW, Ward D (1992) Cauda equina dysfunction. The significance of two-level pathol-
ogy. Spine 17:9–15

77. Postacchini F (1996) Management of lumbar spinal stenosis. J Bone Joint Surg Br 78: 154–64
78. Postacchini F (1999) Surgical management of lumbar spinal stenosis. Spine 24:1043–7
79. Postacchini F, Cinotti G, Gumina S, Perugia D (1993) Long-term results of surgery in lumbar

stenosis. 8-year review of 64 patients. Acta Orthop Scand Suppl 251:78–80
80. Postacchini F, Cinotti G, Perugia D, Gumina S (1993) The surgical treatment of central lum-

bar stenosis. Multiple laminotomy compared with total laminectomy. J Bone Joint Surg Br
75:386–92

81. Ragab AA, Fye MA, Bohlman HH (2003) Surgery of the lumbar spine for spinal stenosis in
118 patients 70 years of age or older. Spine 28:348–53

82. Rauschning W (1987) Normal and pathologic anatomy of the lumbar root canals. Spine
12:1008–19

83. Richter M, Kluger P, Puhl W (1999) [Diagnosis and therapy of spinal stenosis in the elderly].
Z Orthop Ihre Grenzgeb 137:474–81

84. Rivest C, Katz JN, Ferrante FM, Jamison RN (1998) Effects of epidural steroid injection on
pain due to lumbar spinal stenosis or herniated disks: a prospective study. Arthritis Care
Res 11:291–7

85. Rydevik B, Holm S, Brown MD, Lundborg G (1990) Diffusion from the cerebrospinal fluid as
a nutritional pathway for spinal nerve roots. Acta Physiol Scand 138:247–8

86. Rydevik B, Lundborg G, Skalak R (1989) Biomechanics of peripheral nerves. In: Nordin M,
Frankel VH (eds) Basic biomechanics of the musculoskeletal system. Lea & Febiger, Phila-
delphia, pp 75–87

87. Sasaki K (1995) Magnetic resonance imaging findings of the lumbar root pathway in
patients over 50 years old. Eur Spine J 4:71–6

88. Schmid MR, Stucki G, Duewell S, Wildermuth S, Romanowski B, Hodler J (1999) Changes in
cross-sectional measurements of the spinal canal and intervertebral foramina as a function
of body position: in vivo studies on an open-configuration MR system. AJR Am J Roentge-
nol 172:1095–102

89. Scholz M, Firsching R, Lanksch WR (1998) Long-term follow up in lumbar spinal stenosis.
Spinal Cord 36:200–4

90. Schonstrom NS, Bolender NF, Spengler DM (1985) The pathomorphology of spinal stenosis
as seen on CT scans of the lumbar spine. Spine 10:806–11

91. Senegas J, Etchevers JP, Vital JM, Baulny D, Grenier F (1988) Recalibration of the lumbar
canal, an alternative to laminectomy in the treatment of lumbar canal stenosis. Rev Chir
Orthop Reparatrice Appar Mot 74:15–22

92. Silvers HR, Lewis PJ, Asch HL (1993) Decompressive lumbar laminectomy for spinal steno-
sis. J Neurosurg 78:695–701

93. Spratt KF, Keller TS, Szpalski M, Vandeputte K, Gunzburg R (2004) A predictive model for
outcome after conservative decompression surgery for lumbar spinal stenosis. Eur Spine J
13:14–21

94. Stromqvist B, Jonsson B, Fritzell P, Hagg O, Larsson BE, Lind B (2001) The Swedish National
Register for lumbar spine surgery: Swedish Society for Spinal Surgery. Acta Orthop Scand
72:99–106

95. Thomas NW, Rea GL, Pikul BK, Mervis LJ, Irsik R, McGregor JM (1997) Quantitative out-

536 Section Degenerative Disorders



come and radiographic comparisons between laminectomy and laminotomy in the treat-
ment of acquired lumbar stenosis. Neurosurgery 41:567–74; discussion 574–5

96. Tsai RY, Yang RS, Bray RS, Jr. (1998) Microscopic laminotomies for degenerative lumbar
spinal stenosis. J Spinal Disord 11:389–94

97. Verbiest H (1954) A radicular syndrome from developmental narrowing of the lumbar ver-
tebral canal. J Bone Joint Surg Br 36-B:230–7

98. Verbiest H (1979) The significance and principles of computerized axial tomography in
idiopathic developmental stenosis of the bony lumbar vertebral canal. Spine 4:369–78

99. Videman T, Nurminen M, Troup JD (1990) 1990 Volvo Award in clinical sciences. Lumbar
spinal pathology in cadaveric material in relation to history of back pain, occupation, and
physical loading. Spine 15:728–40

100. Wang TM, Shih C (1992) Morphometric variations of the lumbar vertebrae between Chi-
nese and Indian adults. Acta Anat (Basel) 144:23–9

101. Weishaupt D, Schmid MR, Zanetti M, Boos N, Romanowski B, Kissling RO, Dvorak J, Hod-
ler J (2000) Positional MR imaging of the lumbar spine: does it demonstrate nerve root
compromise not visible at conventional MR imaging? Radiology 215:247–53

102. Wildermuth S, Zanetti M, Duewell S, Schmid MR, Romanowski B, Benini A, Boni T, Hodler
J (1998) Lumbar spine: quantitative and qualitative assessment of positional (upright flex-
ion and extension) MR imaging and myelography. Radiology 207:391–8

103. Yoshida M, Shima K, Taniguchi Y, Tamaki T, Tanaka T (1992) Hypertrophied ligamentum
flavum in lumbar spinal canal stenosis. Pathogenesis and morphologic and immunohisto-
chemical observation. Spine 17:1353–60

104. Yoshizawa H, Kobayashi S, Morita T (1995) Chronic nerve root compression. Pathophysio-
logic mechanism of nerve root dysfunction. Spine 20:397–407

105. Zucherman JF, Hsu KY, Hartjen CA, Mehalic TF, Implicito DA, Martin MJ, Johnson DR,
2nd, Skidmore GA, Vessa PP, Dwyer JW, Puccio S, Cauthen JC, Ozuna RM (2004) A pro-
spective randomized multi-center study for the treatment of lumbar spinal stenosis with
the X STOP interspinous implant: 1-year results. Eur Spine J 13:22–31

Lumbar Spinal Stenosis Chapter 19 537



20
Degenerative Lumbar Spondylosis

Martin Merkle, Beat Wälchli, Norbert Boos

Core Messages

✔ Morphological abnormalities in the lumbar
spine are frequent in asymptomatic individuals,
but severe endplate (Modic) changes and
severe facet joint osteoarthritis are rare in
healthy individuals less than 50 years of age

✔ Specific back pain related to degenerative lum-
bar spondylosis (disc degeneration, facet joint
osteoarthritis) is rare (10 – 15 %)

✔ Proinflammatory cytokines seem to play an
important role in the generation of discogenic
back pain and pain in facet joint osteoarthritis

✔ Segmental instability is defined clinically and
lacks objective criteria

✔ Clinical findings in patients with painful lumbar
spondylosis are rare

✔ Facet joint blocks and provocative discography
in diagnosing specific back pain must be inter-
preted with care

✔ Cognitive behavioral treatment is key for a suc-
cessful conservative treatment approach

✔ Spinal instrumentation with pedicle screw fixa-
tion enhances fusion rate but not clinical out-
come to an equal extent

✔ Combined interbody and posterolateral fusion
provides the highest fusion rate

✔ Non-union and adjacent level degeneration are
frequent problems related to spinal fusion

✔ Minimally invasive techniques have so far not
been shown to provide better clinical outcome
than conventional techniques

✔ Total disc arthroplasty is not superior to spinal
fusion

✔ There is limited scientific evidence to favor
spinal fusion over an intensive rehab program
including cognitive behavioral treatment

Epidemiology

Degenerative lumbar

spondylosis is a mixed

group of lumbar disorders

Degenerative lumbar spondylosis refers to a mixed group of pathologies related
to the degeneration of the lumbar motion segment and associated pathologies or
clinical syndromes of discogenic back pain, facet joint osteoarthritis, and seg-
mental instability [102]. Lumbar spondylosis and degenerative disc disease can
be regarded as one entity whether or not they result from aging, are secondary to
trauma or “wear and tear”, or degenerative disease, and whether or not they
involve the intervertebral discs, vertebrae, and/or associated joints [103]. This
group of disorders also includes spinal stenosis with or without degenerative
spondylolisthesis, degenerative scoliosis and isthmic spondylolisthesis with sec-
ondary degenerative changes. The latter pathologies are separately covered in
Chapters 19 , 26 and 27 , respectively.

Specific back pain

is relatively rare (10 – 15 %)

The prevailing symptom of lumbar spondylosis is back pain. However, it is
often difficult to reliably relate back pain to specific alterations of the motion seg-
ment. In the vast majority of cases (85–90%), no pathomorphological correlate
can be found for the patient’s symptoms and the pain remains non-specific [66].
We have dedicated a separate chapter to this entity (see Chapter 21 ). In this
chapter, we focus on degenerative alterations without neural compromise as spe-
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Case Introduction

A 37-year-old female pre-
sented with severe inca-
pacitating back pain
when sitting and during
the night. The pain was so
severe that the patient
had to stop her work as a
secretary. Pain could be
provoked by a sit-up test.
The pain was radiating to
the anterior thigh but the
patient did not have any
neurological deficits. Sag-
ittal MRI scans showed
disc degeneration at the
level of L4/5 with severe
Modic Type I changes:
decreased signal in the T1W (a) and increased signal in T2W (b) images. The remaining discs were unremarkable. Provoc-
ative discography (c) at the target level produced the typical pain worse than ever. Injection at the adjacent MR normal
levels only produced a slight pressure. The intervertebral disc was assumed to be the source of the back pain. The patient
underwent posterior translaminar screw fixation and posterolateral fusion with autologous bone harvested from the
iliac crest. Subsequently, the patient underwent a minimally invasive retroperitoneal approach. A retractor frame facili-
tates the exposure (d). After disc excision, a femur ring allograft filled with autologous spongiosa (e) was used to replace
the disc. The graft was secured with an anti-glide screw with washer (f, g). The patient reported immediate pain relief
after surgery, which was still present at 5 year follow-up. The patient returned to work 2 months after surgery and was
able to enjoy unlimited physical and leisure activities.
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cific sources of back pain (i.e. symptomatic disc degeneration, symptomatic facet
joint osteoarthritis and segmental instability).

Morphological abnormalities

are frequent in asymptomatic

individuals

Cadaveric studies [119, 192, 193, 266] indicated a strong correlation of degen-
erative changes to age, but correlation to symptoms was problematic for obvious
reasons. By the age of 47 years, 97% of all discs studied already exhibited degen-
erative changes [193]. For many years, epidemiologic studies on lower back pain
(LBP) were hampered by the inability to non-invasively assess the relation of
morphological alterations and clinical symptoms. Studies were sparse until the
advent of magnetic resonance imaging (MRI). In 1953, Splithoff et al. [243] com-
pared the radiographs of 100 patients with and without back pain. A similar inci-
dence of transitional vertebrae, spondylolisthesis, and retrolisthesis was
reported for both groups. There was a slight tendency for a higher incidence of
osteoarthritis in the symptomatic group. Comparing 200 individuals with and
without low-back pain, Fullenlove and Williams [95] reported that transitional
anomalies were equally frequent in symptomatic and asymptomatic individuals.
However, disc height loss with spurs showed a much higher incidence in symp-
tomatic patients (25% vs. 9%), while no significant difference in the incidence of
other degenerative lesions was found. Magora and Schwartz [181] explored the
prevalence of degenerative osteoarthritic changes in the lumbar spine of 372
individuals with low-back pain and in 217 matched asymptomatic controls. They
found an even higher prevalence of degenerative findings in the asymptomatic
(66.4%) than in the symptomatic group (58.3%).

Asymptomatic morphologi-

cal abnormalities frequently

occur in MRI

These early findings are corroborated by later MRI studies. The high preva-
lence of degenerative alterations in asymptomatic individuals demonstrated by
MRI underlined the missing link of degenerative alterations of the motion seg-
ment and low-back pain [14, 23, 140, 218, 274]. In patients younger than 50 years,
however, disc extrusion (18%) and sequestration (0%), endplate abnormalities
(Modic changes, 3%), and osteoarthritis of the facet joints (0%) are rare [274],
indicating that these findings may be associated with low-back pain in symptom-
atic patients [274]. Despite the weak correlation of imaging findings and pain,
there is no doubt that degenerative alterations of the motion segment can be a
pain source in some patients. Research has recently focused on the molecular
mechanisms, which may explain why particular degenerative changes are symp-
tomatic in some patients but not in healthy controls despite the identical morpho-
logical appearance of the alteration. However, screening tools will not become
available in the foreseeable future, which may allow for epidemiologic studies
exploring the true incidence of symptomatic alterations of the motion segment.

The natural history of LBP

is benign

The natural history of LBP related to degenerative lumbar spondylosis is
benign and self-limiting. In an RCT, Indahl et al. [133] have even shown that low-
back pain has a good prognosis when left untampered.

Pathogenesis

A prerequisite for normal spinal function is the coordinated interplay of the spi-
nal components, i.e.:

) intervertebral disc
) facet joints and capsules
) spinal ligaments
) spinal muscles (extrinsic, intrinsic)

The three-joint complex

is key to understanding

the degenerative alterations

Schmorl and Junghanns [236] coined the term functional spinal unit (FSU) to
describe the smallest anatomical unit, which exhibits the basic functional charac-
teristics of the entire spine. On a macroscopic basis, Kirkaldy-Willis [155, 156]
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described the sequences of age-related changes leading to multisegmental
spondylosis based on the concept of the “three-joint complex” (Chapter 19 ,

Disc degeneration will

finally lead to facet joint

osteoarthritis and vice versa

Table 1). Basically, this concept implies that disc degeneration will finally lead to
facet joint osteoarthritis and vice versa. Both alterations can cause segmental
instability but hypermobility may also result in disc degeneration and facet joint
osteoarthritis. There is ongoing debate about the temporal sequences of these
relationships. While there is increasing evidence that the age-related changes
start in the intervertebral disc in the vast majority of cases [25, 35, 94, 110, 206],
there are patients who predominantly exhibit facet joint osteoarthritis without
significant disc degeneration. Anecdotal observations also highlight the exis-
tence of a painful segmental “hypermobility” without evidence of advanced disc
or facet joint degenerations. A detailed overview of the biomechanics of the
motion segment and age-related changes is provided in Chapters 2 and 4 ,
respectively.

All spinal structures

can be a source of pain

All structures in the lumbar motion segment, i.e. vertebrae, intervertebral
discs, facet joints, muscles, ligaments and muscles, can be sources of pain [41].
While there is good scientific evidence that disc-related nerve root compression
and spinal stenosis is correlated with pain, the evidence for spondylosis is limited
[203]. The evidence for muscle related back pain, myofacial pain and sacroiliac
joint syndromes is poor. From a clinical perspective, three additional pathomor-
phological alterations can be identified which show some correlation to clinical
symptoms although the scientific evidence for this relationship is still weak and
very controversial [41] (Table 1).

Table 1. Putative sources of specific back pain

Pathomorphological correlate Syndrome

) disc degeneration ) discogenic back pain
) facet joint osteoarthritis ) facet syndrome
) segmental instability ) instability syndrome

Disc Degeneration and Discogenic Back Pain

Discogenic back pain

may be caused by

proinflammatory cytokines

The presence of so-called “discogenic back pain” is critically related to the inner-
vation of the intervertebral disc. While the normal adult intervertebral disc is
only innervated at the outer layers of the anulus fibrosus [18, 19, 114, 182], the
innervation in the degenerative intervertebral disc is less clear. Some researchers
provided data suggesting that there is a neo-innervation and/or nerve ingrowth
into deeper layers of the anulus fibrosus and even into the nucleus pulposus dur-
ing disc degeneration [57, 58, 85–87, 141, 279]. Furthermore, there is some evi-
dence that neo-innervation is preceded by neovascularization of the disc [86,
141]. However, these findings could not be confirmed by studies precisely investi-
gating the temporospatial distribution of blood vessels [204] and neural innerva-
tion of the disc (Boos et al., unpublished data).

The impaired nutritional supply has been identified as one of the key factors
in triggering the changes in the extracellular matrix with aging (see Chapter 4 ).
Nutritional deficits result in an increase in lactate and decreased pH. The altered
metabolism of the disc leads to cellular changes and matrix degradation. The
cleavage of collagenous support structures may result in structural damage mac-
roscopically seen as tear and cleft formation. The phenotypic change of disc

Cellular changes and matrix

breakdown may initiate

a proinflammatory cascade

cells in conjunction with degradation processes may prompt the initiation of a
proinflammatory cascade which could become the decisive factor in producing
pain. In this context, proinflammatory cytokines have been identified in degene-
rated intervertebral discs such as [7, 32, 33, 146, 216, 222, 271]:
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Figure 1. Current concept of discogenic facet joint pain

Proinflammatory cytokines, nitric oxide, metabolic debris, low pH or high lactate levels may diffuse out of the disc and
cause nociception at the outer annular fibers.

) tumor necrosis factor (TNF)- [
) interleukin (IL)-1 q
) interleukin (IL)-6
) prostaglandins (PG)-E2

Discogenic back pain may

be caused by proinflamma-

tory cytokines

A current working hypothesis is that these proinflammatory cytokines along
with other substances (e.g. nitric oxide, metabolite, waste products) diffuse out
of the disc and cause nociception at the outer annular disc fibers which are inner-
vated. The presence of tear and cleft formations appears to facilitate proinflam-
matory cytokine diffusion (Fig. 1).

Facet Joint Osteoarthritis

Facet joint cartilage

is often retained in severe OA

The facet joints are synovial joints with a hyaline cartilage surface, a synovial
membrane, and a surrounding fibrous capsule similar to a diarthrodial joint.
Bogduk extensively studied the neural innervations of the facet joints [18]. The
lumbar facet joints are innervated by nociceptive fibers of the medial branch of
the dorsal ramus, whereas the disc, the posterior longitudinal ligament and the
dura are innervated by the recurrent meningeal nerve, a branch of the ventral
primary ramus (Fig. 1). As is the case for any true synovial joint, the facet joints
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Malalignment of the facet

joints may predispose to OA

may undergo degenerative changes and develop osteoarthritis (OA). Similar to
large synovial joints, malalignment of the facet joints was suspected to be a pre-
disposing factor for OA. A significant association was found between the sagittal
orientation and OA of the lumbar facet joints, even in patients without degenera-
tive spondylolisthesis [94]. Facet joint OA appears to be the pathoanatomic fea-
ture that is associated with sagittal orientation of the facet joints in patients with
degenerative spondylolisthesis [94]. In contrast to OA of large synovial joints
(e.g. hip joint), an intact covering of hyaline cartilage is frequently retained by the
articular surfaces even when large osteophytes have formed [265].

It can be hypothesized that this preservation of articular cartilage may result
from changing joint stresses [265]. However, Swanepoel et al. [250] found that the
apophyseal cartilage of the facet joint surfaces exhibits a greater extent and prev-
alence of cartilage fibrillation than large diarthrodial joints, with significant
damage in specimens younger than 30 years. In late stages of OA, the facet joints

Spontaneous facet joint

ankylosis is rare

also demonstrate the classic features, i.e. complete loss of articular cartilage,
cysts and pseudocysts in the bone, dense bone sclerosis, and large osteophyte
formation. Of note, spontaneous fusion of the facet joints is very rare in the
absence of ankylosing spondylitis or ankylosing hyperostosis [265]. Recently,
inflammatory cytokines in facet joint capsule were observed at high levels in
degenerative lumbar spinal disorders [132]. These inflammatory cytokines had a
higher concentration rate in lumbar spinal canal stenosis than in lumbar disc
herniation. This finding suggests that inflammatory cytokines in degenerated
facet joints may play an important role in symptomatic facet joint OA [132].

Facet joint OA is a veritable

source of back pain

Facet joint alterations were first identified as a source of low-back pain by
Goldthwait in 1911 [108]. Ghormley coined the term “facet joint syndrome” in
1933 [101], but it only gained widespread attention after Mooney’s clinical paper
in 1976 [197]. Since that time, debate has continued on the relevance of this clini-
cal entity because it was not possible to reliably attribute clinical symptoms to
joint abnormalities [134, 135]. Nevertheless, there is no doubt that facet joint OA
can be related to severe back pain in some patients.

Segmental Instability

Excessive segmental motion

is a potential pain source

Although there is no serious doubt that excessive mobility within a motion seg-
ment can occur which results in pain, a valid definition of segmental instability
has not been satisfactorily established and remains somewhat enigmatic [217].
The current working hypothesis is (Table 2):

Table 2. Definition of segmental instability

) Segmental instability is a loss of stiffness of a motion segment which causes pain, has
the potential to result in progressive deformity, and will place neurogenic structures at
risk

According to Pope et al. [217]

No objective definition

of segmental instability

is available

This definition implies that forces applied to a motion segment produce greater
displacement due to decreased stiffness than would be seen in a normal segment
[217] and that this effect is related to pain. Various attempts were made to mea-
sure segmental instability by imaging studies. Since the diagnostic criteria for
segmental instability are unclear, a proper definition of a reference standard is
obviously problematic.

The range of normal

(painless) lumbar motion

is large

Stokes et al. [248] reported on 78 patients who had a clinical diagnosis of puta-
tive segmental instability. The authors found that the forward-backward transla-
tion movement in intervertebral discs did not differ significantly at the affected
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Functional views do not

differentiate normal and

painful motion

levels from those at unaffected levels. However, the ratio between translation
motion and angular motion was somewhat elevated in the affected levels. It was
concluded that flexion/extension radiography was not useful in the diagnosis of
lumbar instability. Hayes [124] examined the angulatory and translational lum-
bar spine intervertebral motion using flexion-extension radiographs from 59
asymptomatic individuals. There was 7–14 degrees of angulatory motion pre-
sent in the lumbar spine with such a large variation that norms of angulatory
motion could not be more precisely defined. Translational motion was 2–3 mm
at each lumbar level. Some of the asymptomatic subjects (20%) had 4 mm or
more translational motion at the L4–5 interspace and at least 10% had 3 mm or
greater motion at all levels except L5–S1. The diagnostic value of flexion-exten-
sion views has also been questioned in conditions where a segmental instability
(e.g. spondylolisthesis) is expected [212]. The problem may lie in the inability of
functional views to properly depict instability rather than in the fact that there is
no instability detected with the applied tests.

Segmental instability

appears to be related

to the motion itself

So far, radiological criteria for instability (in terms of certain excessive
motion) have failed to diagnose instability in a reliable way [214]. Boden and
Wiesel [17] have indicated that it is more important to measure the dynamic ver-
tebral translation than a static displacement on a single view. This was corrobo-
rated by an experimental animal study [143]. From these results, it was con-
cluded that the maximum range of motion, which must be measured using a
dynamic technique, was a more sensitive parameter for identifying changes in
segmental kinematics caused by chronic lesions than was the end range of
motion. The lumbar musculature was found to be less efficient overall in stabiliz-
ing the motion segment, possibly because of altered mechanisms in the neuro-
muscular feedback system [143]. The hypothesis that the motion per se and not
the endpoints are unstable was explored by dynamic lumbar flexion-extension
motion using videofluoroscopy [207]. While segmental instability was found to
influence the whole lumbar motion in patients with degenerative spondylolisthe-
sis, patients with chronic low-back pain did not show a significant difference
when compared with volunteers [207].

Despite refined assessment methods, no substantial progress has so far been
achieved in exploring the predisposing pathomorphological or biomechanical
factors or reliably diagnosing segmental instability. Therefore, the entity of seg-
mental instability remains a clinical diagnosis without scientific confirmation.
The classic clinical entity of a segmental instability is spondylolisthesis, which is
covered in Chapter 27 .

Clinical Presentation

In specific spinal disorders, a pathomorphological (structural) correlate can be
found which is consistent with the clinical presentation, while the diagnosis of
non-specific spinal disorders is reached by exclusion (see Chapter 8 ). Typical
radicular leg pain and claudication symptoms can be attributed to morphologi-
cal alterations (i.e. nerve root compromise, spinal stenosis) in the vast majority
of patients with leg pain; less than 15% of individuals with isolated or predomi-
nant back pain can be given a precise pathoanatomical diagnosis [66].

In this chapter, we focus on clinical syndromes related to specific structural
alterations such as disc degeneration, facet joint OA, or segmental instability.
Despite the dilemma of unproven efficacy of diagnostic tests for isolated back pain,
a practical approach appears to be justifiable until more conclusive data is available
from the literature [66, 203]. We acknowledge that this approach is anecdotal rather
than solidly based on scientific evidence, but it appears to work in our hands.
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History

Although we focus here on specific syndromes, the patient should undergo a thor-
ough assessment of the whole spine as outlined in Chapter 8 .

Discogenic Pain Syndrome

Discogenic pain originating from the thoracolumbar spine manifests as deep
aching pain located in the lower lumbar spine.

The cardinal symptoms of discogenic back pain are:

) predominant low-back pain
) pain aggravation in flexion (forward bending, sitting)
) non-radicular pain radiation in the anterior thigh

Discogenic back pain

increases during sitting

and forward bending

The pain is often increased after prolonged sitting or bending with the spine in
a semi-flexed position. Patients often report that sitting is the worst position
(caused by disc compression). The pain increases when the patient tries rising
from the supine position with their knees straight (sit-up). In severe cases [often
associated with endplate (Modic) changes], the pain intensity resembles the
complaints of a low grade infection or a tumor and can hurt during the night
(Case Introduction). However, none of these signs has been shown to closely cor-
relate with a positive pain provocation test during discography. Therefore, these
findings must be regarded as non-specific and non-sensitive.

Facet Joint Syndrome

The term “facet joint syndrome” comprises clinical symptoms related to the facet
joints such as dysfunction and osteoarthritis.

The cardinal symptoms of facet joint pain are:

) predominant low-back pain
) osteoarthritis pain type (improvement during motion)
) pain aggravation in extension and rotation (standing, walking downhill)
) non-radicular pain radiation in the posterior thigh

Backward bending and rotation compresses the facet joints and may therefore
provoke the pain. The pain is often located in the buttocks and groin and infre-
quently radiates into the posterior thigh. However, it is non-radicular in origin.

Facet joint pain improves

during movement

(early stages)

The pain usually resembles that of an osteoarthritis (OA) type with improve-
ment by motion and aggravation by rest. However, in late stages of OA this allevi-
ation may vanish. Patients often feel stiff in the morning and have a “walk in”
period. They sometimes complain about pain in the early morning of such inten-
sity that they have to get out of bed. Similarly, patients report that they wake up
when turning. Occasionally, they have to get out of bed and move around until
they can continue their sleep (Case Study 1).

When comparing the outcome of facet joint injections with clinical symptoms,
no reliable clinical signs could be identified which predicted pain relief during
injection. Therefore, it is difficult to define a so-called “facet joint syndrome”
[134, 135, 197].

Instability Syndrome

The definition of spinal instability remains enigmatic because a gold standard
test is lacking. So far, the definition is purely descriptive (Table 2) and therefore
the clinical signs are vague (Case Study 2).
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Case Study 1

A 58-year-old male pre-
sented with recurrent epi-
sodes of back pain radiat-
ing to the posterior thigh.
The pain was worse dur-
ing the morning and on
backward bending with
rotation. The patient
reported that forward
bending relieved his pain.
Standard radiographs (a,
b) showed a lumbosacral
transitional anomaly with
sacralization of L5. Sagit-
tal T2W MRI scan revealed normal discs at all lumbar levels (c). Axial T2W image (d) revealed a moderate to severe osteo-
arthritis of the facet joint. A gap is visible between the articular surfaces of the facet joints L4/5 filled with fluid.
An intra-articular facet joint block (e) relieved the symptoms completely for 10 weeks but then the symptoms recurred.
Two repeated facet joint injections relieved the pain for 6 and 4 weeks, respectively. The patient was diagnosed with a
symptomatic facet joint osteoarthritis and underwent pedicle screw fixation and posterolateral fusion (f, g). At 1-year fol-
low-up the patient was symptomfree and fully active.
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The cardinal symptom of a segmental instability is:

) mechanical low-back pain

Instability pain worsens

during motion and

improves during rest

Mechanical LBP can be defined as pain which is provoked by motion and
improves or disappears during rest. Vibration (e.g. driving a car, riding in a
train) may aggravate the pain. Pain is also felt when sudden movements are
made. The resulting muscle spasm can be so severe that the patients experience
a lumbar catch (“blockade”). Pain usually does not radiate below the buttocks.
Some patients benefit from wearing a brace.

Non-specific Back Syndromes

Within this group, the sacroiliac joint (SIJ) syndrome deserves special attention
because the pain can occasionally be attributed to a joint dysfunction or inflam-
mation. Patients with pain originating from the SIJ locate their pain unilaterally
deep over the SIJ. Sometimes the pain radiates to the dorsal aspect of the thigh or
to the groin. There is no specific provocation pattern.

Physical Findings

Physical findings rarely help

to identify the pain source

The physical assessment of the spine is often hampered by strong muscle spasm
and therefore does not allow for a passive examination as for large diarthrodial
joints. With the exception of neurological signs, the physical assessment does not
permit a reliable pathoanatomic diagnosis to be made in patients with predomi-
nant back pain. The physical examination should follow a defined algorithm so
as to be as short and effective as possible (see Chapter 8 ). We focus here on the
physical findings, which may at least give a hint as to the source of the back pain.

In patients with discogenic pain syndrome, physical findings are:

) pain provocation on repetitive forward bending
) pain provocation during a sit-up test (with legs restrained by the examiner)

In patients with facet syndrome, physical findings are:

) pain provocation on repetitive backward bending
) pain provocation on repetitive side rotation
) hyperextension in the prone position

In patients with instability syndrome, physical findings are:

) abnormal spinal rhythm (when straightening from a forward bent position)
) hand-on-thigh support

The hand-on-thigh support can be seen when pain is severe on forward bending.
The patient needs the support with hands on thighs when straightening out of the
forward bent position by supporting the back.

Diagnostic Work-up

Diagnostic tests differentiate

symptomatic and

asymptomatic alterations

None of the aspects of the patient’s history or physical examination allows the
symptoms to be reliably attributed to structural abnormalities in patients with
predominant back pain. The imaging studies are hampered by the high preva-
lence of asymptomatic alterations in the lumbar spine as outlined above. Further
diagnostic tests are needed to differentiate between symptomatic and asymp-
tomatic morphological alterations.
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Imaging Studies

Debate continues about the need for standard radiographs for the initial evalua-
tion of patients with predominant back pain. MRI has become the imaging
modality of choice in evaluating LBP patients. However, lumbosacral transi-
tional anomalies can be missed when only sagittal and axial views are obtained.
In our center, we only omit standard radiographs in the presence of recent ante-
roposterior and lateral radiographs. A detailed description of the imaging
modalities for the lumbar spine is included in Chapter 9 .

Standard Radiographs

Standard radiographs

are rarely diagnostic

Standard radiographs are helpful in diagnosing lumbosacral transitional anoma-
lies which may be overlooked on MRI in cases without coronal sequences. Stan-
dard radiographs are rarely helpful in reliably identifying the pain source. How-
ever, non-specific findings indicating a painful disc degeneration or facet joint
osteoarthritis are:

) disc space narrowing with endplate sclerosis
) severe facet joint osteoarthritis

Flexion/Extension Films

Flexion/extension views

cannot reliably distinguish

between normal and

symptomatic lumbar motion

Functional views are generally regarded as unreliable for the diagnosis of a seg-
mental instability because of the wide range of normal motion [248]. However,
excessive segmental motion (>4 mm) or subluxation of the facet joint that is rare
in asymptomatic individuals, and is not even observed in patients who exhibit
extreme ranges of motion (e.g. contortionists) [120]. However, the inability to
reliably diagnose or attribute segmental instability to a specific level by imaging
studies prompts the taking of great care with this diagnostic label (Case Study 2).

Magnetic Resonance Imaging

MRI has surpassed computed tomography (CT) because of its tissue contrast and
multiplanar capabilities. MRI is a very sensitive but less specific imaging modal-

Severe Modic changes

and facet joint OA

are uncommon in

asymptomatic individuals

ity because of the vast majority of alterations which can be observed in asymp-
tomatic individuals [22]. There are only very few alterations which are uncom-
mon in asymptomatic individuals younger than 50 years [272], i.e.:

) severe facet joint osteoarthritis
) endplate changes (so-called Modic changes) [195]

On the contrary, annular tears can be found in up to 30% of asymptomatic indi-
viduals and are therefore not a good predictor.

In the context of lumbar spondylosis with predominant back pain, MR scans
should be graded specifically with regard to:

) disc degeneration [215]
) vertebral endplate changes [195]
) facet joint osteoarthritis [273]

In particular, Type I Modic changes are considered to be related to discogenic
LBP [195]. However, Weishaupt et al. [275] have demonstrated that moderate to Moderate to severe

Modic changes correlate

with positive provocative

discography

severe Type I and II Modic changes are correlated with discogenic LBP based on
provocative discography (Case Introduction). Although CT provides better imag-
ing of bone, MRI does not provide less information regarding facet joint osteoar-
thritis than CT [273].

Degenerative Lumbar Spondylosis Chapter 20 549



a b c

d

Case Study 2

A 28-year-old female presented with severe LBP which had
been persistent for 4 months. The pain became worse dur-
ing the day while moving and was better during rest and
at night. In the morning, the patient was symptom-free.
The patient reported frequent sensations of sharp pain in
her lumbar spine during motion but no pain radiation into
the legs. Lateral radiograph showing a normal spine (a).
Functional views (b, c) demonstrated increased motion
(compared to adjacent levels) at L4/5 with increased seg-
mental kyphosis, slight anterior displacement of L4, and
subluxation of the facet joints (arrow). The MRI was unre-
markable (not shown). A facet joint block (d) at L4/5
resulted in a symptom-free period for several weeks. The
patient was diagnosed with mechanical LBP (instability syndrome). Although very suggestive, the increased motion at
L4/5 should only tentatively be attributed to the increased mobility at L4/5 because of the large variation in segmental
motion in asymptomatic individuals. She was admitted to an intensive rehab program with emphasis on stabilizing exer-
cises which resolved her symptoms. At 1 year follow-up, the patient was completely painfree and unrestricted for all
activities.

Computed Tomography

The current role of CT in the evaluation of patients suffering from lumbar spon-
dylosis is the assessment of fusion status and for patients with contraindications
for MRI (e.g. pacemaker). In the latter case, MRI is often combined with myelo-
graphy (myelo-CT) to provide conclusions on potential neural compression.

CT is the method of choice

for the assessment

of spinal fusion

Computed tomography (Fig. 2) is the method of choice for the assessment of
the fusion status [228]. However, CT in conjunction with 2D coronal and sagittal
image reformation is more sensitive in diagnosing lumbar fusions than non-
union (Fucentese and Boos, unpublished data).
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Figure 2. Computed tomography

Computed tomography is the imaging mo-
dality of choice for the assessment of spinal
fusion. Even in the presence of implants, the
bony bridges are well visualized. Bony
bridges outside a fusion cage are a more
reliable sign of solid fusion than when they
appear inside. a Axial view; b sagittal refor-
mation; c coronal reformation

Injection Studies

Injection studies

are helpful in identifying

the pain source

The high prevalence of asymptomatic disc alterations prompts the need for fur-
ther diagnostic tests to confirm that a specific structural abnormality is the
source of the pain. Spinal injections play an important role, although the scien-
tific evidence in the literature for their diagnostic efficacy is poor. Furthermore,
the predictive power of an injection study to improve patient selection for sur-
gery is poorly explored and documented [169]. A detailed description of the
strength and weaknesses of these diagnostic studies is included in Chapter 10 .

Provocative Discography

Discography remains

the only method to verify

discogenic LBP

Discography was introduced to image intervertebral disc derangement [172].
Currently, discography predominantly serves as a pain provocation test to differ-
entiate symptomatic and asymptomatic disc degeneration. The diagnostic effi-
cacy of this test remains a matter of debate [43, 202, 269] (see Chapter 10 ). The
assessment of the diagnostic accuracy of provocative discography for discogenic
LBP is problematic since no gold standard is available [43].

Always include an MR

normal level as internal

control

A reasonable practical approach is to include an adjacent MR normal disc level
as internal control [169, 275]. Accordingly, a positive pain response would
include an exact pain reproduction at the target level and no pain provocation or
only pressure at the normal disc level (Case Introduction). In our center, patients
are only selected for provocative discography if they are potential candidates for
surgery, i.e. when the diagnostic test will influence treatment strategy. However,
careful interpretation of the findings is still mandatory with reference to the clin-
ical presentation [43]. Furthermore, provocative discography has failed to
improve patient selection to obtain better clinical outcome after surgery [177].
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Facet Joint Injections

Diagnosis of painful facet

joints by injections

must be made cautiously

The differentiation between symptomatic and asymptomatic facet joint osteoar-
thritis based on imaging studies alone is impossible [169]. So far, facet joint injec-
tions have been used for this purpose but are not without shortcomings (see
Chapter 10 ). Some authors suggest that a facet joint syndrome can be diagnosed
based on pain relief by an intra-articular anesthetic injection or provocation of
the pain by hypertonic saline injection followed by subsequent pain relief after
injection of local anesthetics [44, 173, 185, 199]. Interpretation of the pain
response is difficult because the facet joints are innervated by two to three seg-
mental posterior branches and the local anesthetic may diffuse to adjacent levels
if the injection is done non-selectively (i.e. without prior contrast medium injec-
tion) [169]. We recommend using contrast injection to document the correct
needle position and filling of the joint capsule (Case Study 1). Uncontrolled diag-
nostic facet joint blocks exhibit a false-positive rate of 38% and a positive predic-
tive value of only 31% [239]. It is therefore mandatory to perform repetitive in-
filtrations to improve the diagnostic accuracy [239]. However, there are no
convincing pathognomonic, non-invasive radiographic, historical, or physical
examination findings that allow the reliable identification of lumbar facet joints
as a source of low-back pain and referred lower extremity pain [69, 70].

Temporary Stabilization

Temporary stabilization

does not predict fusion

outcome

The diagnosis of segmental instability remains a matter of intensive debate. How-
ever, it would be unreasonable to assume that abnormal segmental mobility is
non-existent or cannot be painful. Imaging studies, particularly functional
views, have failed to reliably predict segmental instability because of the wide
normal range of motion. The correct identification of the unstable level(s) is
challenging. The temporary stabilization with a pantaloon cast [223] has the
drawback of being unselective and requires further diagnostic testing, e.g. by
facet joint blocks. Stabilization of the putative abnormal segments by an external
transpedicular fixator has been suggested by several authors [74, 237, 254] with
mixed results in terms of outcome prediction. Based on an analysis of 103 cases,
Bednar [10] could not support using the external spinal skeletal fixation as a pre-
dictor of pain relief after lumbar arthrodesis.

Patient Selection for Treatment

The important role of non-biological factors for the outcome of surgical proce-
dures particularly for patients with predominant LBP is well documented. We
have therefore dedicated Chapter 7 to this topic. Various domains must be con-
sidered, i.e.:

) medical factors
) psychological factors
) sociological factors
) work-related factors

Non-biological factors

are important outcome

predictors

In clinical practice, however, it is extremely difficult to identify and systemati-
cally assess risk factors that can be used to accurately predict the outcome of sur-
gery. So far, there is insufficient evidence to exclude patients from surgery on the
grounds of specific risk factors [183]. Nonetheless, in the presence of selected fac-
tors (see Chapter 7 ), surgery should at least be delayed until attempts have been
made to modify risk factors that are amenable to change and all possible conser-
vative means of treatment are exhausted.
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Non-operative Treatment

Most patients with predominant low-back pain without radiculopathy or claudi-
cation symptoms can be managed successfully by non-operative treatment
modalities (Case Study 2). The general objectives of treatment are (Table 3):

Table 3. General objectives of treatment

) pain relief ) improvement of social activities
) improvement of health-related quality of life ) improvement of recreational activities
) improvement of activities of daily living ) improvement of work capacity

When the diagnostic assessment has identified a specific source of back pain
(Table 1), the conservative treatment option does not differ from those applied to
non-specific disorders, which are extensively covered in Chapter 21 . The main-
stay of non-operative management rests on three pillars:

) pain management (medication)
) functional restoration (physical exercises)
) cognitive-behavioral therapy (psychological intervention)

Cognitive behavioral

interventions are necessary

to address fears and

misbeliefs

Pharmacologic pain management is outlined in Chapter 5 . Spinal injections
(e.g. facet joint blocks) may be a reasonable adjunct in controlling the pain for a
short term period [109, 169]. The first important aspect is a multidisciplinary
functional restoration program and psychological interventions to influence
patient behavior (see Chapter 21 ). The second important aspect is the timeli-
ness of the treatment intervention. The longer pain and functional limitations
persist, the less likely is pain relief, functional recovery and return to work (see
Chapter 6 ). Patients presenting with specific degenerative back pain usually
experience their pain and functional limitations for more than 3 months. These
patients should promptly be included in a multidisciplinary functional work
conditioning program. There is increasing evidence that patients with chronic
LBP benefit from a multidisciplinary treatment with a functional restoration
approach when compared with inpatients or outpatient non-multidisciplinary
treatments [263]. Two recent high quality randomized controlled trials (RCTs)
demonstrated that such a program is equally effective as surgery in treating
patients with lumbar spondylosis [31, 77].

It is as simple as it is obvious that the outcome of any treatment is critically
dependent on patient selection and this is also valid for non-operative treatment
(see Chapter 7 ). Favorable indications for non-operative treatment include
(Table 4):

Table 4. Favorable indications for non-operative treatment

) minor to moderate structural alterations ) short duration of persistent symptoms
(< 6 months)

) LBP of variable intensity and location ) absence of risk factor flags
) intermittent symptoms ) highly motivated patient
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Operative Treatment

General Principles

Spinal fusion is thought

to eliminate painful motion

Spinal fusion is the most commonly performed surgical treatment for lumbar
spondylosis [66]. The paradigm of spinal fusion is based on the experience that
painful diarthrodial joints or joint deformities can be successfully treated by
arthrodesis [66, 121]. Since its introduction in 1911 by Albee [3] and Hibbs [127],
spinal fusion was initially only used to treat spinal infections and high-grade
spondylolisthesis. Later this method was applied to treat fractures and deformity.
Today approximately 75% of the interventions are done for painful degenerative
disorders [66]. Despite its frequent use, spinal fusion for lumbar spondylosis is
still not solidly based on scientific evidence in terms of its clinical effectiveness
[66, 102, 103, 264]. For a long time it was hoped that outcome of spinal fusions
could be significantly improved when the fusion rates come close to 100%. How-
ever, it is now apparently clear that outcome is not closely linked to the fusion sta-
tus [24, 90, 91, 102, 103, 256].

The standard concept advocated in the literature is that surgical treatment is
indicated when an adequate trial of non-operative treatment has failed to
improve the patient’s pain or functional limitations [122, 264]. However, there is
no general consensus in the literature on what actually comprises an adequate
trial of non-operative care. Based on a meta-analysis, van Tulder et al. [264] con-
cluded that fusion surgery may be considered only in carefully selected patients
after active rehabilitation programs for a period of 2 years have failed. The gen-
eral philosophy that surgery is only indicated if long-term non-operative care has
failed is challenged by the finding that the longer pain persists the less likely it is
that it will disappear. This notion is supported by recent advances in our under-
standing of the pathways and molecular biology of persistent (chronic) pain (see
Chapter 5 ). It has also been known for many years that returning to work
becomes very unlikely after 2 years [268].

Surgery if needed should be

done in a timely manner

We therefore advocate a more active approach in patient selection for surgery,
i.e. not only offering surgery as the last resort after everything else has failed
because of the adverse effects of pain chronification. Patients should be evaluated
early (i.e. within 3 months), searching for a pathomorphological abnormality which
is likely to cause the symptoms. This evaluation must be based on a thorough clini-
cal assessment, imaging studies and diagnostic tests. If a pathomorphological alter-
ation in concordance with the clinical symptoms can be found, the patient should
be selected for potential surgery. Prior to surgery, the patient should then be inte-
grated in a fast track aggressive functional rehabilitation program (not longer than
3 months). If this program fails, the structural correlate should be treated surgically
if multilevel (>2 levels) fusion can be avoided. In multilevel degeneration of the
lumbar spine requiring more than two-level fusion, the clinical outcome is less sat-
isfactory in our hands and we are more conservative. We acknowledge that this
approach is anecdotal and not yet based on scientific evidence, but it seems to be
reasonable and works satisfactorily in a large spine referral center.

Favorable indications for surgery include (Table 5):

Table 5. Favorable indications for operative treatment

) severe structural alterations ) short duration of persistent symptoms (< 6 months)
) one or two-level disease ) absence of risk factor flags
) clinical symptoms concordant with the structural correlate ) highly motivated patient
) positive pain provocation and/or pain relief tests ) initial response to a rehab program but frequent

recurrent episodes
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Only a few morphological imaging abnormalities have been identified which
rarely occur in a group of asymptomatic individuals below the age of 50 years
[274] and may therefore predict the pain source when occurring in symptomatic
patients. Severe structural alterations which may predict a favorable outcome of
surgery include:

) severe facet joint osteoarthritis
) disc degeneration with severe endplate abnormalities (Modic Types I and II)

These abnormalities represent favorable predictors for surgery, particularly
when present at only one or two levels with the rest of the thoracolumbar spine
unremarkable, cause concordant symptoms and consistently respond to pain
provocation and relief test. As outlined above, the duration of symptoms should
be short to avoid the adverse effects of a chronic pain syndrome. It has been our
anecdotal observation that patients have a favorable outcome if they had
responded successfully to a multidisciplinary restoration program but have fre-
quent recurrent episodes.

Biology of Spinal Fusion

A basic understanding of the general principles of bone development and bone
healing as well as the biologic requirements for spinal fusion in the lumbar spine
are a prerequisite to choosing the optimal fusion technique [13]. A comprehen-
sive review of this topic is far beyond the scope of this chapter and the reader is
referred to some excellent reviews [13, 92, 93, 209, 232, 240].

In contrast to fracture healing, the challenge in spinal fusion is to bridge an
anatomic region with bone that is not normally supported by a viable bone [34].
Spinal arthrodesis can be generated by a fusion of:

) adjacent laminae and spinous processes
) facet joints
) transverse processes
) intervertebral disc space

Vascular supply to the

fusion area is important

An osseous fusion of the transverse processes is the most common type of fusion
performed in the lumbar spine [16]. MacNab was one of the first to realize that
the success of intertransverse fusion over posterior fusion (i.e. bone apposition
on the laminae and spinous processes) was based on the blood supply to the
fusion bed which allowed for a revascularization and reossification of the graft
[176]. The early interbody fusion technique (inserting bone into the interverte-
bral disc space after discectomy) was hampered by graft subsidence or graft fail-
ure because of the heavy loads in the lumbar spine and did not provide favorable
results without instrumentation (see below).

The prerequisite of successful spine fusion is three distinct properties of the
applied graft material, i.e. [164, 259]:

) osteogenesis
) osteoconduction
) osteoinduction

The optimal graft material

should be osteogenic,

osteoconductive

and osteoinductive

Osteogenicity is the capacity of the graft material to directly form bone and is
dependent on the presence of viable osteogenetic cells. This property is only
exhibited by fresh autologous bone and bone marrow. Osteoconduction is the
process of living tissue to grow onto a surface or into a scaffold, which results in
new bone formation and incorporation of that structure [59]. Particularly can-
cellous bone with its porous and highly interconnected trabecular architecture
allows easy ingrowth of surrounding tissues. Osteoconduction is also observed

Degenerative Lumbar Spondylosis Chapter 20 555



in fabricated materials that have porosity similar to that of bone structure, e.g.
coralline ceramics, hydroxyapatite beads, combinations of hydroxyapatite and
collagen, porous metals and biodegradable polymers [59]. Osteoinduction indi-
cates that primitive, undifferentiated and pluripotent cells are stimulated to
develop into bone-forming cells [4]. Urist [257, 258] coined the term “bone mor-
phogenetic proteins” (BMPs) for those factors that stimulate cells to differentiate
into osteogenic cells.

Bone Grafts

Autologous bone

is still the gold standard

Autologous bone is generally considered the “gold standard” as a graft material
for spinal fusion and exhibits osteogenetic, osteoconductive and osteoinductive
properties [115]. Autologous bone for spinal fusion is harvested from the ante-
rior or posterior iliac crest as cancellous bone, corticocancellous bone chips or
tricortical bone blocks. The drawback of autologous bone is related to the limited
quantity and potential donor site pain [63, 80, 125].

Allografts potentially

transmit infectious disease

These drawbacks have led to the use of allograft bone early in the evolution of
spinal fusion. Allografts are used in different forms for spinal fusion. They are
predominately used as structural allografts (e.g. femoral ring allografts) but are
available in other forms (e.g. corticocancellous bone chips). Bone allografts
exhibit strong osteoconductive, weak osteoinductive but no osteogenetic proper-
ties [152, 232]. Fresh allografts elicit both local and systemic immune responses
diminishing or destroying the osteoinductive and conductive properties. Freez-
ing or freeze-drying of allografts is therefore used clinically to improve incorpo-
ration [107], but mechanical stability of the graft is reduced by freeze drying
(about 50%) [232]. However, the major drawback of those allografts is the poten-
tial transmission of infections (particularly hepatitis C, HIV) [64]. Gamma irra-
diation of at least 34 kGy is recommended to substantially reduce the infectivity
titer of enveloped and non-enveloped viruses [220]. However, screening proce-
dures remain mandatory. Autologous or allogenic cortical grafts are at least ini-
tially weight-bearing but all bone grafts are finally resorbed.

Cancellous allografts

are completely replaced

by autologous bone

or resorbed

Cancellous grafts are completely replaced in time by creeping substitution,
whereas cortical grafts remain as an admixture of necrotic and viable bone for a
prolonged period of time [107]. Bone graft incorporation within the host,
whether autogenous or allogeneic, depends on various factors [152]:

) type of graft
) site of transplant
) quality of transplanted bone and host bone
) host bed preparation
) preservation techniques
) systemic and local disease
) mechanical properties of the graft

Although the role of cancellous allograft as a delivery vehicle for other osteoin-
ductive factors is conceptually reasonable, data is lacking to support this applica-
tion at this time [162]. Femoral ring allografts for anterior interbody fusions have
gained increasing popularity because of their capability for an initial structural
support [191]. The decreased fusion rate associated with allografts becomes
more significant in multilevel surgery and in patients who smoke [65].

Bone Graft Substitutes

Bone graft substitutes are increasingly being used for spinal fusion because of the
minimal but inherent risk of a transmission of infectious disease with allografts
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[115]. Among the characteristics of an optimal bone graft substitute are:

) high degree of biocompatibility
) lack of immunogenicity and toxicity
) ability for biodegradation
) ability to withstand sterilization
) availability in different sizes, shapes and amounts
) reasonable cost

The most commonly used bone graft substitutes in spinal fusion are:

) calcium phosphates
) demineralized bone matrix (DBM)

Calcium Phosphates

Calcium phosphate materials can be classified by chemical composition and ori-
gin [i.e. natural or synthetic (ceramic) forms] and include:

) hydroxyapatite (HA)
) tricalcium phosphate (TCP)
) natural coralline

This group of materials closely resembles the mineral composition, properties
and microarchitecture of human cancellous bone and has a high affinity for
binding proteins [162]. HA is relatively inert and biodegrades poorly. Due to its
brittleness and slow resorption, remodeling may be hindered and the material
can become a focus of mechanical stress [232]. In contrast, TCP composites
exhibit greater solubility than HA and typically undergo biodegradation within
approximately 6 weeks, which may be too early for a maturation of the fusion
mass [162, 232]. Coralline HA (CHA) was developed in 1971 with the aim of pro-
viding a more consistent pore size and improved interconnectivity [198]. These
natural ceramics are derived from sea corals and are structurally similar to can-
cellous bone. The coral calcium carbonate undergoes a hydrothermal reaction
where calcium carbonates are transformed into HA [162].

Calcium phosphates

are of limited effectiveness

These materials are available in various preparations including putty, granular
material, powder, pellets or injectable calcium phosphate cement [20]. In con-
trast to early reports suggesting the capability for osteogenic stimulation, it is
now believed that calcium phosphates have only osteoconductive properties
[232]. Purely osteoconductive substitutes are less effective in posterolateral spine
fusion, but may be suitable for interbody fusion when it is rigidly immobilized
[13]. Although selective data both from animal and clinical studies appears
promising, there is still only limited evidence for the clinical effectiveness of
these materials to generate or at least enhance spinal fusion [232].

Demineralized Bone Matrix

A group of low-molecular-weight glycoproteins contained in the organic phase
(particularly BMPs) are responsible for the bone inductive activity [166]. DBM is
produced through a mild acid extraction of cortical bone and is processed to
reduce risk of infection and immunogenic host response. The mild demineraliza-
tion removes the mineral content of the bone, leaving behind collagen and non-
collagenous proteins including the BMP, which becomes locally available to the
cellular environment [166]. DMB is supplied in a variety of forms such as gel,
malleable putty, flexible strips or injectable bone paste. Lee et al. [166] have
pointed out that the amount of osteoinductive ability may rely on its preparation
and the type of carrier with which it is combined.
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DBM predominantly

is a bone graft extender

Even though DBM is considered osteoinductive, this effect is much weaker as
compared with commercially available recombinant BMPs. The use of current
available DBMs is primarily as a bone graft extender or enhancers but caution is
necessary as bone graft substitutes [5, 13].

Bone Promoters

Since their discovery by Urist in 1965 [257], BMPs have been the focus of inten-
sive research and clinical testing aiming to develop treatment strategies to
enhance bone healing and generate arthrodesis. The role of BMPs in bone forma-
tion during development and in fracture healing is now well established [225].
BMPs are members of the transforming growth factor- q supergene family [40]
and so far more than 15 BMPs have been identified [225]. BMPs function as a dif-
ferentiation factor and act on mesenchymal stem cells to induce bone formation
[34].

The majority of preclinical and clinical studies for spinal fusion (interbody
and posterolateral) have been done using [15, 68, 106, 139, 142, 145, 260, 261]:

) BMP 2
) BMP 7 (osteogenic protein-1, OP-1)

BMPs promote fusion but

cost-effectiveness is unclear

The BMPs are delivered to the fusion site on carriers, e.g. HTA/TCP [15] or colla-
gen matrix [145]. When used at an optimized concentration and with an appro-
priate carrier, BMPs can be successfully used as bone graft replacement [34].
However, only increasing experience and longer term follow-up will show
whether these new fusion techniques will surpass the level of safety and clinical
feasibility and can be established as a cost-effective treatment.

Surgical Techniques

For a long time, spinal fusion has been the treatment of choice when addressing
symptomatic lumbar spondylosis. Motion preserving implant technologies have
emerged which offer theoretical advantages over fusion. The early motion pre-
serving technologies such as Graf ligamentoplasty [96, 144, 226] and Dynesys
stabilization [237, 238] have demonstrated favorable outcomes for selected
patients. Similarly, the early outcome was promising for total disc arthroplasty
[62, 116, 190, 284] and posterior interspinous spacers [49, 153, 286]. However, the
new technologies must pass the test of time, i.e. long-term follow-up in RCTs,
before they can be broadly accepted as alternative fusion techniques. So far, no
evidence has been reported to demonstrate that these new techniques are supe-
rior to spinal fusion.

The scientific literature exhibits a plethora of articles covering the outcome of
surgical treatment. The vast majority of these papers cover technical aspects,
safety and early clinical results without adequate control groups. Many of the
studies incorporated a whole variety of indications, which limits conclusions on
degenerative lumbar spondylosis without neurological compromise. However,

The scientific evidence for

spinal fusion in lumbar

spondylosis is poor

when the scientific literature is reduced to Level A evidence (i.e. consistent evi-
dence in multiple high-quality RCTs), only 31 RCTs can be identified through
March 2005 [102, 103]. These facts greatly limit treatment recommendations on
degenerative lumbar spondylosis. In this chapter, we therefore attempt to base
treatment recommendations on the best available evidence.

558 Section Degenerative Disorders



Non-instrumented Spinal Fusion

Lumbar arthrodesis can be achieved by three approaches. The most commonly
used technique is posterolateral fusion (PLF), which comprises a bone grafting
of the posterior elements. As an alternative, the bone grafting can be performed
after disc excision and endplate decancellation (interbody fusion) by a posterior
approach (posterior lumbar interbody fusion, PLIF) or the anterior approach
(anterior lumbar interbody fusion, ALIF). The so-called combined or 360 degree
fusion is the combination of both techniques.

Posterolateral Fusion

Posterolateral fusion

remains the fusion gold

standard

Posterolateral fusion was first described by Watkins in 1953 [270] and remains
the gold standard for spinal fusion. The technique consisted of a decortication of
the transverse spinous processes, pars interarticularis and facet joints with appli-
cation of a large corticocancellous iliac bone block. This method has been modi-
fied by Truchly and Thompson [255], who used multiple thin iliac bone strips as
graft material instead of a single corticocancellous bone block because of fre-
quent graft dislocation [255]. In 1972, Stauffer and Coventry [245] presented the
technique still used today by most surgeons, which consisted of a single midline
approach (Fig. 3). However, the bilateral approach had a revival some years later
when Wiltse et al. [278] suggested an anatomic muscle splitting approach which
was modified by Fraser [118].

a b

Figure 3. Surgical technique of posterolateral fusion

Careful preparation of the fusion bed is important and consists of: a decortication of the transverse process and facet
joints and isthmus; b placement of autologous corticocancellous bone chips over the facet joints and transverse pro-
cesses.
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Non-instrumented

posterolateral fusion

remains the benchmark

for comparison of fusion

techniques

Boos and Webb [24] reviewed 16 earlier non-randomized studies (1966–1995)
with a total of 1264 cases and found a mean fusion rate of 87% (range, 40–96%)
and an average rate of satisfactory outcome of 70% (range, 52–89%). The results
reported in the article by Stauffer and Coventry [245] remain a benchmark for
non-instrumented posterolateral fusion. Eighty-nine percent of those whose
fusion was done as a primary procedure for degenerative disc disease achieved
good clinical results and 95% were judged to have a solid fusion. These favorable
results were not surpassed by many studies which followed.

Posterior Lumbar Interbody Fusion

Posterior disc excision and insertion of bone grafts was first described by Jaslow
in 1946 [138] and popularized by Cloward [52, 54] and others as posterior lumbar
interbody fusion (PLIF) (Fig. 4). The disadvantage of PLIF was the need for an
extensive posterior decompression to allow for a graft insertion which destabi-
lized the spine. Furthermore, graft insertion necessitates a substantial retraction
of the nerve roots which carries the risk of nerve root injuries and significant
postoperative scarring.

PLIF increases fusion rate PLIF resulted in a somewhat higher fusion rate and better clinical outcome
than posterolateral fusion. Based on an analysis of 1372 cases reported in 8 stud-
ies [53, 56, 130, 131, 165, 171, 194, 219], mean fusion rate was 89% (range,
82–94%) and the average rate of satisfactory outcome was 82% (range,
78–98%) [24].

Anterior Lumbar Interbody Fusion

Anterior spinal fusion was first described by Capener in 1932 for the treatment
of spondylolisthesis [39]. However, Lane and Moore [163] were the first to per-
form anterior lumbar interbody fusion (ALIF) on a larger scale [163]. Iliac tri-
cortical bone autograft as well as femoral, tibia, or fibula diaphyseal allografts
were used for this technique. Particular femoral ring allografts have been
recently used as cost-effective alternatives to cages and offer some advantages
regarding the biology of the fusion compared to cages [167, 191]. The advantage
of ALIF was that the paravertebral muscles and neural structures remained
intact. A further technical advantage is that disc excision and graft bed prepara-
tion can be done better than with PLIF. On the other hand, the abdominal access
is associated with specific approach related problems such as retrograde ejacu-
lation in male patients (range, 0.1–17%) [29, 76, 254] and vascular injuries
(range, 0.8–3.4%) [29, 210].

Stand-alone ALIF

has not been successful

The results in the literature were largely variable. An analysis of 1072 cases
reported in 10 studies revealed a mean fusion rate of 76% (range, 56–94%) and
an average satisfactory outcome rate of 76% (range, 36–92%) [24]. Compared to
the favorable results Stauffer and Coventry achieved with a posterolateral fusion
[245], the ALIF results of the same authors [244] were disappointing (fusion rate
56%, satisfactory outcome 36%). Stauffer and Coventry [244] concluded that
ALIF should be utilized as a salvage procedure in those infrequent cases in which
posterolateral fusion is inadvisable because of infection or unusual extensive
scarring [244]. Graft dislocation and subsidence as well as moderate fusion rate
caused the “stand-alone” ALIF to fall out of favor for some years.

Instrumented Spinal Fusion

With the advent of pedicle screw fixation devices in the 1980s and the introduc-
tion of fusion cages in the 1990s, spinal instrumentation was widely used with the
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Figure 4. Surgical technique of posterior lumbar interbody fusion

a Pedicle screws are inserted at the target levels. A wide decompression is necessary to insert the cages safely through
the spinal canal. The intervertebral disc is removed as completely as possible but without jeopardizing the anterior outer
anulus (vascular injuries). The cartilage endplates are removed with curettes. Cages are inserted by retracting the nerve
root and thecal sac medially. b, c Prior to insertion, the disc space is filled with cancellous bone graft particularly anteri-
orly. d The rod is inserted and fixed to the screws. A posterolateral fusion is added.

rationale that the improved segmental stability may enhance the fusion rate and
simultaneously improve clinical outcome. The biomechanical background of spi-
nal instrumentations is reviewed in Chapter 3 .

Pedicle Screw Fixation
Pedicle screw fixation

is the gold standard

for lumbar stabilization

The pedicle is the strongest part of the vertebra, which predestines it as an
anchorage for screw fixation of the vertebral segments. Pedicle screw fixation had
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Roy-Camille first used

pedicle screws

its origins in France. From 1963, Raymond Roy-Camille first used pedicle screws
with plates to stabilize the lumbar spine for various disorders [230]. Some years
later, Louis and Maresca modified Roy-Camille’s plate and technique to better
adapt to the lumbosacral junction [174, 175]. Based on the pioneering work of
Fritz Magerl [179], the concept of angle-stable pedicular fixation was introduced,
which led to the development of the AO Internal Fixator [1, 67]. Around the same
time, Steffee [246] developed the variable screw system (VSP), a plate pedicle
screw construct. A further milestone in the development was the introduction of
a new screw-rod system by Cotrel and Dubousset in 1984 [60]. The versatile

Pedicle screw fixation

is most commonly used

in conjunction with

posterolateral fusion

Cotrel-Dubousset instrumentation system became widely used for the treatment
of degenerative disorders. The current system offers the advantage of polyaxial
screw heads which facilitate the rod screw connection. The most frequently used
fusion technique today is to combine pedicle screw fixation with posterolateral
fusion (Case Study 1).

The fusion rates with the pedicle screw system average 91% (range 67–100%)
with satisfactory clinical outcome ranging between 43% and 95% (mean 68%)
[24]. Many surgeons applied the pedicle screw stabilization system

Pedicle screw fixation

enhances fusion rate

but not clinical outcome

with the rationale that the enhanced fusion rate would also improve outcome.
However, at the end of the 1990s it became obvious that pedicle screw fixation
may increase the fusion rate but not necessarily clinical outcome [24, 102].

Translaminar Screw Fixation

Translaminar screws are an

alternative to pedicle screws

An alternative method of screw fixation in the lumbar spine was first described
in 1959 by Boucher [26]. These oblique facet screws were used to block the
zygapophyseal joints. However, the stability of these screws crossing the facet
joints obliquely was unsatisfactory. Magerl [180] developed the so-called trans-
laminar screw fixation which crossed the facet more perpendicularly, increas-
ing stability [126]. The initial clinical results were promising [113, 129, 136,
184]. The advantage is that the screws can be used as a minimally invasive pos-
terior stabilization technique and can often be combined with an anterior inter-
body fusion [191], which can also be done minimally invasively (see below,
Case Introduction) [21].

Cage Augmented Interbody Fusion

Cages stabilize

the anterior column

and increase fusion rate

The application of interbody fusion cages for fusion enhancement is based on the
rationale that a strong structural support is needed for the anterior column
which does not migrate or collapse [122]. Interbody cages were designed and
first used by Bagby and Kuslich (BAK cage) in the 1990s and consisted of threa-
ded hollow cylinders filled with bone graft [160, 161]. Today, different designs
and materials are available for anterior and posterior use (Table 6):

Table 6. Cage materials and design

Designs Materials

) threaded, cylindrical cages ) titanium
) ring-shaped cages with and without mesh structure ) carbon
) box-shaped cages ) polyetheretherketone (PEEK)

The cages were originally designed as stand-alone anterior or posterior fusion
devices. The initial studies in the literature reported promising results [161, 224,
233] and some authors reported satisfactory long term outcome [27]. However,
the biomechanical (stability, no cage subsidence) and biologic (load sharing with
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Figure 5. Circumferential fusion

a Young (28 years) female patient with endplate changes (Modic Type II) undergoing pedicle screw fixation L5/S1 and
posterolateral fusion in combination with a cage augmented anterior lumbar interbody fusion. Postoperative b antero-
posterior view and c lateral view.

The outcome of stand-alone

cages is not favorable

the graft) requirements for spinal fusion were challenging (see Chapter 3 ) and
resulted in a high failure rate [73, 189]. The problems associated with stand-alone
cages led to the recommendation of the use of cages only in conjunction with spi-
nal instrumentation (Fig. 5) [37, 45].

Although a bilateral cage insertion is generally recommended for biomechan-
ical reasons, it is not always possible to insert two cages when the disc space is
still high and the spinal canal rather narrow. Recently, it has been shown that uni-

Unilateral cage insertion

may suffice in selected cases

lateral cage insertion leads to comparable results to bilateral cage placements
[82, 196]. The shortcomings of the PLIF technique (i.e. retraction of nerve roots
and potential epidural fibrosis) led to a modified technique by a transforaminal
route (transforaminal lumbar interbody fusion, TLIF). After unilateral resec-
tion of the facet joints, the disc is exposed and excised without retraction of the
thecal sac and nerve roots before a cage is implanted. TLIF should only be used
in conjunction with spinal instrumentations. The reported results with this tech-
nique are promising [105, 117, 123, 231, 235].

Circumferential Fusion

Circumferential fusion (i.e. interbody and posterolateral fusion) was first used
for the treatment of spinal trauma and deformity, then expanded to failed previ-
ous spinal fusion operations and is now used also as a primary procedure for
chronic low-back pain [122]. Theoretically, this technique should increase the
fusion rate by maximizing the stability within the motion segment and enhance
outcome because of an elimination of potential pain sources in anterior and pos-
terior spinal structures. Today, circumferential fusion is almost always done in
conjunction with instrumentation. Interbody fusion can be done by a posterior
(PLIF) (Fig. 4) or anterior approach (ALIF) (Figs. 5, 6) depending on the individ-

Outcome of PLIF and ALIF

appears to be comparable

ual pathology and surgeons’ preferences. There seems to be no difference
between both approaches in terms of clinical outcome [178].
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Figure 6. Surgical technique of anterior lumbar interbody fusion

The lumbosacral junction is exposed by a minimally invasive retroperitoneal approach. a The intervertebral disc is
excised; b the endplates can be distracted with a spreader and the endplate cartilage is removed with curettes; c the disc
space is filled with cancellous bone and supported with two cages. Ring-shaped cage design allows sufficient bone graft
to be placed around the cages. d Pedicle screw fixation is added in conjunction with posterolateral fusion.

Combined interbody

and posterolateral fusion

has the highest fusion rate

Several studies have consistently demonstrated that circumferential fusion
increases the rate of solid fusion [48, 91], with fusion rates ranging from 91% to 99%
[48, 91, 242, 252]. However, it remains controversial whether circumferential fusion
improves clinical outcome [91, 267]. Fritzell et al. [91] did not find a significant dif-
ference in outcome when comparing non-instrumented, instrumented posterolat-
eral or circumferential fusion. On the contrary, Videbaek et al. [267] have demon-
strated that patients undergoing circumferential fusion have a significantly better
long term outcome compared to posterolateral fusion in terms of disability (Oswe-
stry Disability Index) and physical health (SF-36). Some patients continue to have
pain after posterolateral spinal fusion despite apparently solid arthrodesis. One
potential etiology is pain that arises from a disc within the fused levels and has posi-
tive pain provocation on discography. These patients benefit from an ALIF [8].
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Minimally Invasive Approaches for Spinal Fusion

Access technology should

decrease collateral muscle

damage during fusion

surgery

In the last two decades, attempts have been made to minimize approach-related
morbidity [98, 154, 247]. Particularly, the posterior approach to the lumbosacral
spine necessitates dissection and retraction of the paraspinal muscles. The mus-
cle retraction was shown to cause a significant muscle injury dependent on the
traction time [147–150]. The use of translaminar screw fixation in conjunction
with an ALIF has been suggested to minimize posterior exposure of the lumbar
spine [9, 137, 159, 191, 241] (Case Introduction). Newer posterior techniques use
a tubular retractor system for pedicle screw insertion and percutaneous rod
insertion that avoids the muscle stripping associated with open procedures [71,
83, 98].

Laparoscopic techniques for anterior interbody fusion were developed in the
1990s to minimize surgical injury related to the anterior approach [38, 170, 252,
281]. This technique was favored in conjunction with the use of cylindrical cages
and may exhibit some immediate postoperative advantages (e.g. less blood loss,
shorter postoperative ileus, earlier mobilization) [61, 78]. However, this tech-
nique did not prevail because of the tedious steep learning curve, longer opera-
tion time, expensive laparoscopic instruments and tools and need for a general
surgeon familiar with laparoscopy without providing superior clinical results
[50, 200, 281]. Many surgeons today prefer a mini-open anterior approach to the
lumbar spine using a retraction frame (Case Introduction), which allows a one or
two level anterior fusion to be performed through a short incision [2, 186]. It also
allows for a rapid extension of the exposure in case of complications such as an
injury to a large vessel.

Minimally invasive

approaches have not yet

demonstrated superior

outcomes

Many initial reports have shown similar clinical results in terms of spinal
fusion rates for both traditional open and minimally invasive posterior
approaches [71, 84]. However, the anterior minimally invasive procedures are
often associated with a significantly greater incidence of complications and tech-
nical difficulty than their associated open approaches [71].

Fusion Related Problems

Revision Surgery for Non-union

Revision surgery for non-union remains costly and difficult. Diagnosis of non-
union by radiological assessment is not easy and solid fusion determined from
radiographs ranged from 52% to 92% depending on the choice of surgical proce-
dure [47].

Functional and clinical

results of lumbar fusion

are often not in correlation

Similarly to a primary intervention, the single most important factor in
achieving a successful clinical outcome is patient selection [75]. It is well antici-
pated that functional and clinical results of lumbar fusion are often not in corre-
lation and the rate of non-union has no significant association with clinical
results in the first place [81, 277], which challenges the clinical success of revision
surgery for non-union.

The best lumbar fusion rates

are achieved

by a circumferential fusion

Interbody fusion is advocated to repair non-union because revision surgery
by posterolateral fusion has not been overly successful [55, 75]. Circumferential
fusion provides the highest fusion rate. It is therefore recommended to perform
a 360-degree fusion during a revision operation [47]. However, patients with a
non-union after stand-alone cage augmented fusion (PLIF or ALIF) may well
benefit from a revision posterolateral fusion and pedicle screw fixation [45].

Despite successful fusion

repair, clinical outcome

is often disappointing

Although solid fusion after non-union can be achieved in 94–100% of
patients with appropriate techniques [36, 42, 99], there is only a poor correlation
of the radiographic and clinical results [42]. After repair of pseudoarthrosis, Car-
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penter et al. reported a solid fusion rate of 94% without significant association
with clinical outcome, patient’s age, obesity and gender [42]. Similar findings
were made by Gertzbein et al. [99]. These authors reported a fusion rate of 100%
even in the face of factors often placing patients at high risk for developing a
pseudarthrosis, i.e. multiple levels of previous spinal surgery, including previous
pseudarthrosis, and a habit of heavy smoking. However, the satisfactory outcome
rate was only somewhat better than 50%, based on a lack of substantial pain
improvement and return to work [99]. It is therefore mandatory to inform surgi-
cal candidates that the risk of an unsatisfactory outcome is high despite solid
fusion.

Adjacent Segment Degeneration

Adjacent segment degeneration following lumbar spine fusion remains a well
known problem, but there is insufficient knowledge regarding the risk factors
that contribute to its occurrence [158]. Biomechanical and radiological investi-
gations have demonstrated increased forces, mobility, and intradiscal pressure in
adjacent segments after fusion [72]. Although it is hypothesized that these
changes lead to an acceleration of degeneration, the natural history of the adja-
cent segment remains unaddressed [72]. When discussing the problem of adja-
cent segment degeneration it is important to:

) take the preoperative degeneration grade into account
) differentiate asymptomatic and symptomatic degeneration
) consider the natural history of the adjacent motion segment

Adjacent segment

degeneration is a

frequent problem

There is no significant correlation between the preoperative arthritic grade and
the need for additional surgery [100]. Radiographic segmental degeneration
weakly correlates with clinical symptoms [208] and the age of the individual [46,
104, 213]. There are conflicting results on the influence of the length of spinal
fusion [46]. Pellise et al. [213] found that radiographic changes suggesting disc
degeneration appear homogeneously at several levels cephalad to fusion and
seem to be determined by individual characteristics. Ghiselli et al. [100] reported
a rate of symptomatic degeneration at an adjacent segment warranting either
decompression or arthrodesis to be 16.5% at 5 years and 36.1% at 10 years. It
remains to be seen whether disc arthroplasty will alter the rate of adjacent seg-
ment degeneration [128].

Motion Preserving Surgery

Motion preservation

surgery is still emerging

With the advent of motion preserving surgical techniques, there is a great excite-
ment among surgeons and patients that the drawbacks of spinal fusion can be
overcome. So far, the initial results are equivalent to those obtained with spinal
fusion and it is hoped that there is a decrease in the rate of adjacent segment degen-
eration. The success of the paradigm shift toward motion preservation is still
unproven but it makes intuitive and biomechanical sense [6]. A review of the bio-
mechanical background of motion preserving surgery is included in Chapter 3 .

Total Disc Arthroplasty

Attempts to artificially replace the intervertebral discs were already made in the
1950s by Fernstrom [79]. However, the ball like intercorporal endoprosthesis was
prone to failures (i.e. loosening and migration). The disc prosthesis with the lon-
gest history is the SB-Charité prosthesis, which dates back to 1982. The prosthe-
sis was developed by Kurt Schellnack and Karin Büttner-Janz at the Charité Hos-
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pital in Berlin. The prosthesis has meanwhile undergone several redesigns. The
SB-Charité III disc prosthesis (Depuy Spine) was the first to receive FDA approval
in 2004. In recent decades various alternative designs have been developed such
as the ProDis-L (Synthes, FDA approval 2006), Maverick (MedtronicSofamorDa-
nek), Flexicore (Stryker), Kineflex (SpinalMotion) and ActivL (B. Braun/Aesku-
lap) total disc replacement systems.

Indications and contraindications for total disc arthroplasty (TDA) are
(Table 7):

Table 7. Total disc arthroplasty

Indications Contraindications

) age 18 – 60 years ) osteoporosis
) severe back pain ) multilevel disc degeneration
) severe disability (ODI > 30–40) ) facet joint osteoarthritis
) failed non-operative treatment for > 6 months ) spinal deformity or instability
) single or two-level disc degeneration ) prior lumbar fusion

) obesity
) consuming illness (tumor, infection, inflammatory disorders)
) metabolic disorders
) known allergies

Modified from Zigler et al. [283] and Guyer et al. [116]
ODI Oswestry Disability Index

German and Foley [97] have highlighted that particular attention should be paid
to the presence of facet joint osteoarthritis, as this has been associated with poor
clinical outcomes after arthroplasty [187, 262]. Total disc arthroplasty (Fig. 7) has
meanwhile passed the level of technical feasibility and safety [11, 51, 168, 187].
However, major concerns remain regarding revision arthroplasty, which can
cause life-threatening complications (e.g. in case of a major vessel injury during
reoperation).

a b c

Figure 7. Total disc arthoplasty

Female patient (48 years) with endplate (Modic) changes at L5/S1 treated by total disc replacement with Prodisc (Syn-
thes). a Sagittal T2 weighted MRI scan demonstrating Modic Type II changes at L5/S1. Postoperative b anteroposterior
view; and c lateral view showing correct positioning of the TDA.
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Two randomized controlled FDA IDE trials compared TDA with spinal fusion.
In the first trial, the SB-Charité disc prosthesis was compared with stand-alone
BAK cages with autograft from the iliac crest for one-level disc disease L4–S1
[12, 188]. The second trial compared the ProDisc-L total disc arthroplasty with
circumferential spinal fusion for the treatment of discogenic pain at one verte-
bral level between L3 and S1 [282]. Both prospective, randomized, multicenter

Short-term clinical outcome

of TDA is comparable

to spinal fusion

studies demonstrated that quantitative clinical outcome measures following
TDA are at least equivalent to clinical outcomes with conventional fusion tech-
niques.

Although these results are promising, only longer term follow-up will show
whether TDA is superior to spinal fusion and reduce the rate of adjacent segment
degeneration [97].

Dynamic Stabilization

Abnormal loading patterns

are a cause of pain

Mulholland [201] has hypothesized that abnormal patterns of loading rather
than abnormal movement are the reason that disc degeneration causes back pain
in some patients. Abnormal load transmission is the principal cause of pain in
osteoarthritic joints. Both osteotomy and total joint replacement succeed
because they alter the load transmission across the joint [201]. In this context, the
spine is painful in positions and postures rather than on movement [201]. The

The dynamic stabilization

system may alter abnormal

loading and thus

be effective

rationale for dynamic or “soft” stabilization of a painful motion segment is to
alter mechanical loading by unloading the disc but preserving lumbar motion in
contrast to spinal fusion [205]. The Graf ligamentoplasty was the first dynamic
stabilization system widely used in Europe [30, 96, 111]. The principle of the Graf
system was to stabilize the spine in extension (locking the facet joints) using ped-
icle screws connected by a non-elastic band. This system increased the load over
the posterior anulus, caused lateral recess and foraminal stenosis and was only
modestly successful [201].

Best indications

for dynamic stabilization

are not well established

The Dynesys system is based on pedicle screws connected with a polyethylene
cord and a polyurethane tube reducing movement both in flexion and extension
[238, 249]. However, often it also unloads the disc to a degree that is unpredict-
able [201]. Non-randomized studies reported promising results [221, 249, 276].
However, Grob et al. [112] reported that only half of the patients declared that the
operation had helped and had improved their overall quality of life, and less than
half reported improvements in functional capacity. The reoperation rate after
Dynesys was relatively high. Only long-term follow-up data and controlled pro-
spective randomized studies will reveal whether dynamic stabilization is supe-
rior to spinal fusion for selected patients [238].

The clinical effectiveness of

interspinous stabilization

remains to be proven

Recently, interspinous implants have been introduced as minimally invasive
dynamic spine stabilization systems, e.g. X-Stop (St. Francis Medical Technolo-
gies), Diam (Medtronic), and Wallis (SpineNext). The interspinous implants act
to distract the spinous processes and restrict extension. This effect will reduce
posterior anulus pressures and theoretically enlarge the neural foramen [49].
These implants are therefore predominantly used for degenerative disc disor-
ders in conjunction with spinal stenosis [157, 251, 285]. Further case-control
studies and RCTs still have to identify the appropriate indications and clinical
efficacy.

Comparison of Treatment Modalities

During the last decade, several high quality prospective randomized trials have
elucidated the effect of conservative versus operative treatment on clinical out-
come for lumbar degenerative disorders.
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Spinal fusion is superior

to non-operative care

at 2 years

The Swedish Lumbar Spine Study [88–91] investigated whether lumbar fusion
could reduce pain and diminish disability more effectively when compared with
non-surgical treatment in patients with severe chronic low-back pain (CLBP).
The surgical patients had a significantly higher rate of subjective favorable out-
come and return to work rate compared to the non-surgical group.

Surgical fusion techniques

do not differ in outcome

However, no significant differences between fusion techniques were found
among the groups in terms of subjective or objective clinical outcome [91]. The
authors concluded from their studies that lumbar fusion in a well-informed and
selected group of patients with severe CLBP can diminish pain and decrease dis-
ability more efficiently than commonly used non-surgical treatment and that
there was no obvious disadvantage in using the least demanding surgical tech-
nique of posterolateral fusion without internal fixation [90, 91].

The results of this study were analyzed in the context of cost-effectiveness. For
both the society and the healthcare sectors, the 2-year costs for lumbar fusion
were significantly higher compared with non-surgical treatment, but all treat-
ment effects were significantly in favor of surgery [88]. Longer term follow-up,
however, revealed that the benefits of surgery diminished over time (P. Fritzell,
personal communication). Although this study was highly acclaimed for being
the first of its kind, criticism arose with regard to the patient inclusion criteria
(e.g. sick leave for at least 1 year) and the non-specified conservative treatment
[103].

Cognitive behavioral

treatment and exercises

are key elements

of non-operative care

In a single blinded RCT from Norway [31, 151], the effectiveness of lumbar
instrumented fusion was compared with cognitive intervention and exercises in
patients with chronic low-back pain and disc degeneration. No significant differ-
ences were found in terms of subjective outcome or disability. Patients with
chronic low-back pain who followed cognitive intervention and exercise pro-
grammes improved significantly in muscle strength compared with patients who
underwent lumbar fusion [151]. The authors concluded that the main outcome
measure showed equal improvement in patients with chronic low-back pain and
disc degeneration randomized to cognitive intervention and exercises or lumbar
fusion.

Spinal fusion and intensive

rehabilitation achieve

similar results

The MRC Spine Stabilization Trial [77] assessed the clinical effectiveness of
surgical stabilization (spinal fusion) compared with an intensive rehabilitation
program (including cognitive behavioral treatment) for patients with chronic
low-back pain. No clear evidence emerged that primary spinal fusion surgery
was any more beneficial than intensive rehabilitation. The drawback of this study
was that the surgical group was not well defined and a garden variety of treat-
ment methods were applied. A cost-effectiveness analysis [227] revealed that sur-
gical stabilization of the spine may not be a cost-effective use of scarce healthcare
resources. However, sensitivity analyses show that this could change – for exam-
ple, if the proportion of rehabilitation patients requiring subsequent surgery
continues to increase.

Scientific evidence

for the effectiveness

of spinal fusion is limited

The practical implication of these three high quality trials is that patients
must be informed extensively about the current evidence in the literature prior to
surgery. Presently, there is no substantial evidence that spinal fusion is superior
to an intensive rehabilitation program including cognitive behavioral interven-
tion.

Complications

The complication rate of surgical interventions for lumbar spondylosis is criti-
cally dependent on the extent of the intervention [253]. The reintervention rate
ranges from 6% (non-instrumented fusion) to 17% (combined anterior/poste-
rior fusion) [89]. However, the complication rate is also dependent on the surgi-
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The surgeon skill factor

remains widely unaddressed

cal skill of the individual surgeon, which is not well explored so far. The most fre-
quent complications after spinal fusion for degenerative disc disease are:

) infection: 0–1.4% [77, 89, 280]
) non-union: 7–55% [89, 280]
) de novo neurological deficits: 0–2.3% [77, 253, 280]
) bone graft donor site pain: 15–39% [234]

A detailed discussion of complications related to lumbar fusion is included in
Chapter 39 .

Recapitulation

Epidemiology. Lumbar spondylosis refers to a mixed
group of pathologies related to the degeneration of
the lumbar motion segment and associated patholo-
gies or clinical syndromes of discogenic back pain,
facet joint osteoarthritis (OA), and segmental instabil-
ity. Morphological abnormalities in the lumbar spine
are frequent in asymptomatic individuals. However,
severe endplate alterations (Modic changes) and ad-

vanced facet joint OA are rare in young healthy sub-
jects. Specific low-back pain (LBP) due to lumbar
spondylosis is infrequent. The natural history of lum-
bar spondylosis is benign and self-limiting.

Pathogenesis. Disc degeneration may lead to the
expression of proinflammatory cytokines, which
are assumed to be responsible for the generation of
discogenic LBP. Facet joint degeneration resembles
the clinical pathology of osteoarthritis. The orien-
tation of the facet joint appears to play a role in pre-
mature degeneration. A wide range of segmental

motion can be found in asymptomatic individuals.
It appears that the kinematics of the motion is af-
fected by the instability and not so much the range
of motion. Objective criteria for the definition of
segmental instability are lacking and the diagnosis
therefore remains enigmatic.

Clinical presentation. The clinical findings for a
symptomatic lumbar spondylosis are few. Patients
with discogenic back pain often complain of pain
aggravation during sitting and forward bending.
Pain can increase during the night and can radiate
into the anterior thigh. A facet joint syndrome

causes stiffness as well as pain on backward bend-
ing and rotation. In the early stages, pain often im-
proves during motion and exhibits a “walk in” peri-
od. The pain sometimes radiates into the buttocks
and posterior thigh. A clinical instability syndrome

causes mechanical LBP, which aggravates during
motion and disappears with rest.

Diagnostic work-up. The imaging modality of
choice is MRI, which is sensitive but less specific in
identifying the sources of back pain. Standard ra-
diographs are helpful in identifying lumbar-sacral
transitional anomalies. Functional views do not al-
low the diagnosis of segmental instability. Comput-

ed tomography is indicated in patients with contra-
indications for an MRI and for the assessment of the
fusion status. Injection studies are indispensable
for the identification of a morphological alteration
as a source of back pain. Provocative discography
remains the only diagnostic test for the diagnosis of
discogenic back pain. It is recommended to always
include an MR normal disc during discography as
an internal control. The interpretation of pain relief
subsequent to facet joint infiltrations is hampered
by the multilevel innervation of the joints, and re-
peated injections are needed to improve diagnostic
accuracy. Injection studies have to be interpreted
with great care. The single most important factor
for the choice of treatment is patient selection. The
exclusion of risk flags is mandatory. Psychological,
sociological and work-related factors have been
shown to affect treatment outcome more than clin-
ical and morphological findings.

Non-operative treatments. The main objectives of
treatment are pain relief as well as improvement of
quality of life (e.g. activities of daily living, recrea-
tional and social activities) and work capacity. The
mainstay of non-operative management consists
of pain management (medication), functional resto-
ration (physical exercises), and cognitive-behaviou-
ral therapy (psychological intervention). Particularly
the combination of functional treatment and cogni-
tive behavioral intervention has been shown to be
effective for degenerative lumbar spondylosis.

Operative treatment. The paradigm of spinal fu-

sion is based on the experience that painful diar-
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throdial joints or joint deformities can be success-
fully treated by arthrodesis. The selection for sur-
gery should be timely and based on the identifica-
tion of structural abnormalities which can be well
addressed with surgery. Favorable indications for
surgery include severe structural alterations: short
duration of persistent symptoms (< 6 months), one-
or two-level disease, absence of risk factor flags,
clinical symptoms concordant with the structural
correlate, highly motivated patient, positive pain
provocation and/or pain relief tests.
Understanding the biology of spinal fusion is neces-
sary to select the appropriate fusion technique.
Blood supply to the spinal fusion area and the prop-
erties of the bone graft (or substitutes) is important
for the maturation of the fusion mass. The optimal
graft material for fusion should be osteogenetic,

osteoconductive and osteoinductive. Autologous
bone possesses all three properties and remains
the gold standard. Allografts (e.g. femoral ring) are
used to support the anterior column and have some
biologic advantages compared to cages but carry
the risk of transmission of infection. Calcium phos-

phates only have osteoconductive properties and
are of limited effectiveness. Demineralized bone

matrix predominately has a role as a bone graft

extender. Bone morphogenetic proteins promote
spinal fusion but their cost effectiveness is so far not
determined. Posterolateral fusion remains the
fusion technique of choice for lumbar degenerative
spondylosis. Combined interbody and posterolat-

eral fusion yields the highest fusion rates. Spinal

instrumentation increases the fusion rate but not
equally the clinical outcome. Cages support the
anterior column and are helpful to stabilize the ante-
rior column and enhance fusion rates. Minimally

invasive fusion techniques have not been shown to
provide better outcome when compared to conven-
tional techniques. Non-union and adjacent segment
degenerations are frequent fusion related problems.
The best fusion technique for a failed arthrodesis is
an instrumented combined anterior/posterior fu-
sion. The clinical results are often disappointing
despite successful fusion repair. Dynamic fixation

systems have so far not been shown to protect adja-
cent segments from premature degeneration. Total

disc arthroplasty does not provide superior results
compared to spinal fusion. Based on three high qual-
ity RCTs, there is no scientific evidence that spinal

fusion is superior to an intensive rehabilitation pro-

gram including cognitive behavioral intervention,
particularly not at mid and long-term follow-up.

Key Articles

Stauffer RN, Coventry MB (1972) Posterolateral lumbar-spine fusion. Analysis of Mayo
Clinic series. J Bone Joint Surg Am 54:1195–204
Classic article on spinal fusion for back pain. The results of this early analysis have not
been surpassed by many other studies which followed.

Fritzell P, Hagg O, Wessberg P, Nordwall A (2001) 2001 Volvo Award Winner in Clinical
Studies: Lumbar fusion versus nonsurgical treatment for chronic low back pain: a multi-
center randomized controlled trial from the Swedish Lumbar Spine Study Group. Spine
26:2521–32

Fritzell P, Hagg O, Wessberg P, Nordwall A (2002) Chronic low back pain and fusion: a
comparison of three surgical techniques: a prospective multicenter randomized study
from the Swedish Lumbar Spine Study Group. Spine 27:1131–41
The Swedish Lumbar Spine Study compared lumbar fusion with non-surgical treatment
in patients with severe chronic low-back pain (CLBP). A total of 294 patients aged
25–65 years with CLBP for at least 2 years were randomized blindly into two major treat-
ment groups, i.e. non-operative (different kinds of physical therapy) vs. operative (three
different methods of spinal fusion). At the 2-year follow-up, back pain was significantly
more reduced in the surgical group by 33% compared with 7% in the non-surgical group.
Pain improved most during the first 6 months and then gradually deteriorated. The
Oswestry Disability Index (ODI) was reduced by 25% compared with 6% among non-
surgical patients. The surgical patients had a significantly higher rate (63%) of a subjec-
tive favorable outcome (“much better” or “better”) compared to the non-surgical group
(29%). The “net back to work rate” was significantly in favor of surgical treatment, or
36% vs. 13%. A detailed analysis of the 222 surgical patients after 2 years revealed that
fusion rate was dependent on the fusion technique, i.e. non-instrumented posterolateral
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fusion (72%), instrumented posterolateral fusion (87%) and instrumented combined
anterior/posterior fusion (91%). All surgical techniques substantially decreased pain and
disability, but no significant differences were found among the groups in terms of subjec-
tive or objective clinical outcome.

Brox JI, Sorensen R, Friis A, Nygaard O, Indahl A, Keller A, Ingebrigtsen T, Eriksen HR,
Holm I, Koller AK, Riise R, Reikeras O (2003) Randomized clinical trial of lumbar
instrumented fusion and cognitive intervention and exercises in patients with chronic
low back pain and disc degeneration. Spine 28:1913–21
This single blinded RCT from Norway compared the effectiveness of lumbar instru-
mented fusion with cognitive intervention and exercises in patients with chronic low-
back pain and disc degeneration. Sixty-four patients aged 25–60 years with low-back
pain lasting longer than 1 year and evidence of disc degeneration L4–S1 were randomized
to either lumbar fusion with posterior transpedicular screws and postoperative physio-
therapy, or cognitive intervention and exercises. At the 1-year follow-up (97%), the ODI
was significantly reduced in both groups but the group difference did not achieve statisti-
cal significance. Improvements in back pain, use of analgesics, emotional distress, life
satisfaction, and return to work were not different. Fear-avoidance beliefs and fingertip-
floor distance were reduced more after non-operative treatment, and lower limb pain was
reduced more after surgery. The success rate was not significantly different between the
two groups based on an independent observer assessment (i.e. 70% after surgery and
76% after cognitive intervention and exercises).

Fairbank J, Frost H, Wilson-MacDonald J, Yu LM, Barker K, Collins R (2005) Randomi-
sed controlled trial to compare surgical stabilisation of the lumbar spine with an inten-
sive rehabilitation programme for patients with chronic low back pain: the MRC spine
stabilisation trial. BMJ 330:1233
This RCT compared the clinical effectiveness of surgical stabilization (spinal fusion) with
intensive rehabilitation program (including cognitive behavioral treatment) for patients
with chronic low-back pain. In this UK multicenter randomized controlled trial,
349 patients aged 18–55 years with chronic low-back pain (>1 year) were randomized
into a surgical group (n=176) and a rehabilitation group (n=173) and followed for
2 years (81%). The mean ODI changed favorably in both groups but with a slight but sig-
nificant advantage for the surgical group. No significant differences between the treat-
ment groups were observed in any of the other outcome measures. The authors concluded
that the statistical difference between treatment groups in one of the two primary out-
come measures was marginal and only just reached the predefined minimal clinical dif-
ference. No clear evidence emerged that primary spinal fusion surgery was any more ben-
eficial than intensive rehabilitation.

Christensen FB, Hansen ES, Eiskjaer SP, Hoy K, Helmig P, Neumann P, Niedermann B,
Bunger CE (2002) Circumferential lumbar spinal fusion with Brantigan cage versus pos-
terolateral fusion with titanium Cotrel-Dubousset instrumentation: a prospective, ran-
domized clinical study of 146 patients. Spine 27:2674–83

Videbaek TS, Christensen FB, Soegaard R, Hansen ES, Hoy K, Helmig P, Niedermann B,
Eiskjoer SP, Bunger CE (2006) Circumferential fusion improves outcome in comparison
with instrumented posterolateral fusion: long-term results of a randomized clinical
trial. Spine 31:2875–80
This prospective randomized clinical study compared instrumented circumferential
fusion (cage based ALIF and pedicle screw fixation) with instrumented posterolateral
lumbar fusion. Both groups showed highly significant improvement in all four categories
of life quality as well as in the back pain and leg pain index, as compared with preopera-
tive status. There was a clear tendency toward better overall functional outcome for
patients with the circumferential procedure, and this patient group also showed signifi-
cantly less leg pain at the 1-year follow-up evaluation and less peak back pain at 2 years.
The circumferential fusion patients showed a significantly higher posterolateral fusion
rate (92%) than the posterolateral group (80%). The repeat operation rate including
implant removal was significantly lower in the circumferential group (7%) than in the
posterolateral group (22%). The superior result of the circumferential fusion group was
preserved during a 5–9 years follow-up.

Blumenthal S, McAfee PC, Guyer RD, Hochschuler SH, Geisler FH, Holt RT, Garcia R, Jr,
Regan JJ, Ohnmeiss DD (2005) A prospective, randomized, multicenter Food and Drug
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Administration investigational device exemptions study of lumbar total disc replace-
ment with the CHARITE artificial disc versus lumbar fusion: part I: evaluation of clini-
cal outcomes. Spine 30:1565–75

McAfee PC, Cunningham B, Holsapple G, Adams K, Blumenthal S, Guyer RD, Dmietriev
A, Maxwell JH, Regan JJ, Isaza J (2005) A prospective, randomized, multicenter Food and
Drug Administration investigational device exemption study of lumbar total disc
replacement with the CHARITE artificial disc versus lumbar fusion: part II: evaluation
of radiographic outcomes and correlation of surgical technique accuracy with clinical
outcomes. Spine 30:1576–83
Three hundred and four patients were enrolled in the study at 14 US centers, randomized
in a 2:1 ratio (TDA vs. fusion) and followed for 24 months. Patients in both groups
improved significantly following surgery. Patients in the Charité group had lower levels of
disability at every time interval from 6 weeks to 24 months, compared with the control
group, with statistically lower pain and disability scores at all but the 24-month follow-up.
At the 24-month follow-up, a significantly greater percentage of patients in the Charité
group expressed satisfaction with their treatment and would have had the same treatment
again, compared with the fusion group. The hospital stay was significantly shorter in the
Charité artificial disc group. The complication rate was similar between both groups. Pre-
operative range of motion in flexion/extension was restored and maintained in patients
receiving a TDA. Clinical outcomes and flexion/extension ROM correlated with surgical
technical accuracy of Charité artificial disc placement.

Zigler J, Delamarter R, Spivak JM, Linovitz RJ, Danielson GO, 3rd, Haider TT, Cammisa F,
Zuchermann J, Balderston R, Kitchel S, Foley K, Watkins R, Bradford D, Yue J, Yuan H, Her-
kowitz H, Geiger D, Bendo J, Peppers T, Sachs B, Girardi F, Kropf M, Goldstein J (2007)
Results of the prospective, randomized, multicenter Food and Drug Administration inves-
tigational device exemption study of the ProDisc-L total disc replacement versus circum-
ferential fusion for the treatment of 1-level degenerative disc disease. Spine 32:1155–62
Two hundred and eighty-six patients were included in the trial and followed for
24 months. The safety of ProDisc-L implantation was demonstrated with 0% major com-
plications. At 24 months, 91.8% of investigational and 84.5% of control patients reported
improvement in the Oswestry Disability Index (ODI) from preoperative levels, and 77.2%
of investigational and 64.8% of control patients met the improvement target of more than
15% (ODI). At the 6 weeks and 3 months follow-up time points, the ProDisc-L patients
recorded SF-36 Health Survey scores significantly higher than the control group. The
visual analog scale pain assessment showed statistically significant improvement from
preoperative levels regardless of treatment. Visual analog scale patient satisfaction at
24 months showed a statistically significant difference favoring investigational patients
over the control group. Radiographic range of motion was maintained within a normal
functional range in 93.7% of investigational patients and averaged 7.7 degrees. From this
trial it was concluded that ProDisc-L implantation is safe, efficacious and in properly cho-
sen patients superior to circumferential fusion.

Gibson JN, Grant IC, Waddell G (1999) The Cochrane review of surgery for lumbar disc
prolapse and degenerative lumbar spondylosis. Spine 24:1820–32

Gibson JN, Waddell G (2005) Surgery for degenerative lumbar spondylosis: updated
Cochrane Review. Spine 30:2312–20
A must read evidence-based analysis of RCTs for degenerative lumbar spondylosis.
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Non-specific Low Back Pain

Florian Brunner, Sherri Weiser, Annina Schmid, Margareta Nordin

Core Messages

✔ The natural history of non-specific low back
pain (NSLBP) indicates that it is a benign, self-
limiting condition

✔ NSLBP is characterized by the absence of an
identifiable morphological correlate for the
symptoms

✔ Clinical assessment for risk factors for delayed
recovery should be conducted early and must
include psychosocial and work-related factors

✔ The “flag system” (red, yellow, blue, black)
identifies serious pathology and obstacles to
recovery

✔ Return to work as soon as possible is important
because the chances of resuming work after
one year are minimal

✔ Acute NSLBP is best treated with self-care tech-
niques, including over-the-counter medications
and early resumption of normal activities as
soon as possible

✔ In subacute or recurrent NSLBP, treatment
should be aggressive to prevent further decline
in health status and return patients to optimal
health

✔ Active physical therapy should be introduced
and obstacles for rehabilitation must be
assessed early

✔ Patients with chronic LBP should receive a mul-
tidisciplinary treatment and evaluation
approach as soon as possible

Epidemiology

LBP is a common medical

complaint

Estimates of the prevalence of low back pain (LBP) vary considerably, depending
on the data source and the definitions used. The lifetime prevalence for LBP
ranges from 49% up to 84% [22], making it one of the most common medical
complaints [76]. The cumulative lifetime prevalence of LBP lasting at least
2 weeks was 16% for individuals aged between 25 and 74 years [67]. Fifty percent
of adults have reported experiencing LBP at some point in their life [34]. Approx-
imately 10% of individuals report having had back pain within the previous year,
and 6.8% report having LBP at any one point in time [5, 28]. The incidence of
LBP ranges from 28 to 30 episodes/1000 persons per year [76], being highest in
male patients and in patients between 25 and 64 years of age.

Non-specific LBP is the

most frequent reason for

consultation of a health

care provider

Approximately 80% of patients who consult a health care provider for non-
specific LBP (NSLBP) (see Chapter 6 ) can expect to resume normal activities
within 4–6 weeks. By 12 weeks, the rate of recovery rises to 90%. Thus, only less
than 10% LBP patients experience chronic pain [38, 60, 81]. However, the recur-
rence rate is high and has been described as between 25% and 70% in different
populations [2, 38, 77].
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Case Introduction

A 44-year-old construction worker
complained of a history with epi-
sodic LBP which he had for several
years. Coincidental with a change of
workplace his pain was progressively
getting worse (blue flag). Initially
employed as an unskilled worker
helping out on different projects, he
had to shift to working long shifts as
a bricklayer. The new job was associ-
ated with working longer hours and
under high time pressure (blue flag).
An acute LBP episode was triggered after lifting several heavy bricks. LBP became aggravating throughout the day and
was severe in the evening. The next morning, he could not get out of bed due to severe LBP. His general practitioner (GP)
prescribed anti-inflammatory medication and told him to rest for 2 days and then resume normal activities as tolerated
(a). After 2 days, he felt extreme LBP, but additionally radiating down the buttocks. Convinced that movement would
harm him (yellow flag), he remained as inactive as possible while waiting for another consultation with his doctor. The
physician decided to perform an MRI (b). The patient stayed at home for 4 weeks until the MRI was done. The MRI did not
reveal any structural abnormalities. The patient was referred to a physical therapist who administered heat, massage and
electrical stimulation. After a few weeks, he felt a little better regarding his pain but did complain of a burning sensation
over his whole leg. Resuming work was still not possible and by this time he had a compensation case pending at work
and was required to obtain an independent medical evaluation (black flag). After independent medical assessment by
the insurance company, he was sent back to work because of the normal MRI scan. However, the patient was upset
because he felt accused of simulating and stressed that he was in severe pain (black flag).
His family recommended quitting his job to avoid further damage to his back (yellow flag). He stayed at home and his
wife cared for him. Six weeks later, his GP referred him to a multidisciplinary program. On the first visit, he was depressed,
angry, confused and scared (yellow flags). The first step was to conduct a medical evaluation and to reassure him that
he had NSLBP, and that he indeed would get better. He was immediately relieved but still sceptical as he could not
completely understand what was causing his pain (yellow flag). During the functional evaluation, pain behavior was
observed (yellow flag). The physical therapist again gave him the advice that there was no serious damage to justify
physical inactivity. Because of his pain behaviors he was evaluated by a psychologist. He began a physical therapy regi-
men skeptically, but with increasing activity his motivation and compliance improved. The program consisted of general
conditioning with an emphasis on tasks he was afraid to perform. Three weeks after the program start he was almost
pain free but still unwilling to return to work because he felt discomfort in certain positions and when lifting heavy
objects. He still believed that pain indicated damage and returning to work would injure his back (yellow flag). Evidence
was provided by a psychologist to support the claim that “pain does not equal harm.” The psychologist and therapist
worked to demonstrate to the patient that the physical exercises were just as strenuous as his job and that he was able
to fulfill his tasks. During the program, it was discovered that the patient was having conflicts with his new supervisor
(blue flag) and therefore was afraid to return to work. However, it was recommended to return to work part time (80 %)
with minor restrictions for 2 weeks. However, his workplace was not willing to accommodate this request (blue flag). The
clinical team coordinator negotiated the terms of his return by compromising and insisting on no overtime for 6 months.
The patient successfully returned to work and is actively looking for another position in a more supportive organization.
This case introduction demonstrates the use of “flags” to identify obstacles to recovery.
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Classification of Back Pain

The term “low back pain” refers to more than 66 diagnoses [24]. As outlined in
Chapter 6 , LBP can be classified as:

) “specific” (with a pathomorphological correlate) [14, 84]
) “non-specific” (without a pathomorphological correlate) [43]

Specific LBP (SLBP) refers to any diagnosis that can be attributed to a [14, 84]:

) systemic disease
) infection
) injury
) trauma
) structural deformity

Specific LBP is based

on a causal link between

a pathomorphological

alteration and pain

The common feature is a causal link between a structural pathology and the
expected experience of pain. SLBP diagnoses comprise approximately 15–20%
of all back complaints [37].

NSLBP is defined by symptoms occurring primarily in the back that suggest
neither nerve root compression nor a serious underlying condition [7, 14, 37, 84].
No causal physical pathology, anatomical lesion, or deformity is identified.
NSLBP includes common diagnoses, such as [24]:

) lumbago
) muscle spasm
) back sprain
) back strain
) myofascial syndromes

These vague conditions all include pain in the lumbar region that may radiate to
one or both thighs. With regard to the time course, NSLBP can be divided into:

) acute (<4 weeks)
) subacute (4–12 weeks)
) chronic (>3–6 months)

Various definitions exist about the point of the beginning of chronic back pain,
starting between 3 and 6 months [2, 62]. So far, no consensus has been found on
the beginning of chronic back pain and a mechanism-based approach is more
reasonable (see Chapter 5 ).

The definition of chronic

and recurrent LBP is not well

defined

There is also no consensual definition of recurrent non-specific back pain.
Depending on social system, culture, and type of work, the recurrence rate has
been described as between 25% and 70% in different populations [2, 38, 77].

Delayed recovery is defined as the period between 4 and 8 weeks after onset of
NSLBP during which the patient has not yet returned to normal daily activities
[14, 84].

Pathogenesis of NSLBP

In contrast to SLBP, no causal pathology can be found in NSLBP which correlates
with pain. Therefore, factors other than anatomic ones must play an important
role in generating the pain. Besides the pathoanatomic model for SLBP, the fol-
lowing models are used to diagnose and classify chronic NSLBP [64]:

) peripheral pain generator model
) neurophysiological model
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) mechanical loading model
) signs and symptoms model
) motor control model
) biopsychosocial model

In the peripheral pain generator model, specific injections are used for diagnos-
tic and therapeutic procedures to identify, block or denervate the nociceptive

The neurophysiological

model best explains

chronic pain without

an obvious path

source of pain [16]. The neurophysiological model takes into account that, espe-
cially in chronic pain, there is a central and a peripheral sensitization induced by
biochemical and neuromodulation changes at every level of the nervous system
[31, 59]. The mechanical loading model includes that sustained end range spinal
loading, lifting with flexion and rotation, exposure to vibration and specific
sporting activities can have the potential for peripheral sensitization [55]. The
signs and symptoms model is based on biomechanical and pathoanatomic signs
in which the area and nature of pain, impairments in spinal movement and func-
tion, changes in segmental spinal mobility, as well as pain responses to mechani-
cal stress and movement play an important role [51, 56]. The motor control
model implies that in chronic LBP maladaptive movement and motor control
impairments appear, resulting in ongoing abnormal tissue loading and mechani-

The biopsychosocial model

today is well accepted

as a conceptual framework

cally provoked pain (motor control model) [64]. The biopsychosocial model has
been explained in Chapter 6 and serves as a multidimensional approach for
dealing with chronic LBP.

Patient Assessment and Triage for Non-operative Treatment

The diagnosis of NSLBP is based on the fact that history and clinical examination
(Chapter 8 ) and imaging studies (Chapter 9 ) as well as spinal injections
(Chapter 10 ) were not able to identify a clear cause of the pain. NSLBP is a diag-
nosis primarily based on the exclusion of an underlying pathomorphological
alteration. This implies at the same time that there is no serious pathology which
can hinder the recovery of the patient. Indeed, the natural history of NSLBP indi-
cates that the prognosis is favorable [26]. But 10% of patients with NSLBP still
develop chronic pain. Patient assessment must therefore aim to identify obstacles
for recovery.

The “flag system” identifies

serious spinal pathology

and obstacles for recovery

The goal of triage for the treatment of LBP is to establish an appropriate
rehabilitation plan. The differential diagnosis must first and foremost distin-
guish between NSLBP and LBP due to neural compression and serious spinal
pathologies (e.g., tumors, infections, progressing deformities) [7, 66]. The “flag
system” is a useful tool (see Chapter 6 ), which helps to rule out serious spinal
pathologies and to identify possible risk factors for delayed recovery associated
with poor outcome [3, 38]. Four groups of risk factors or “flags” have been
identified (Table 1).

Red flags indicate serious

spinal pathology

Red flags are symptoms and signs detected by the clinician that may indicate
possible spinal pathology and require early referral to a specialist. A standard-
ized physical examination is necessary to exclude possible specific conditions
requiring further action. A history of trauma, systemic diseases, cancer, infec-
tion, or major neurological compromises may indicate serious spinal pathology.
In the physical examination, the presence of “red flags,” and/or neurological
signs and symptoms, such as back pain with radiation to the leg below the knee
level or sensory motor dysfunction, classify LBP as specific and may require a
referral to a specialist. Comorbidities (such as other joint pain, hypertension,
severe stress, diabetes, depression) can also play a major role in recovery of
NSLBP [61].
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Table 1. The flag system [3]

Definition Indicator Signs and symptoms Therapeutic approach

RED FLAGS Biomedical
factors

Indicate serious
spinal pathology

) infections
) major trauma
) systemic disease
) cancer
) major neurologic compromise

Early referral to
specialist

YELLOW FLAGS Psychosocial
or behavioral
factors

Predispose to
delayed recovery

) patient believes that back pain is
harmful or potentially severely
disabling
) fear avoidance behavior and

reduced activity level
) tendency to low mood and with-

drawal from social interaction
) expectations of passive treatment

Add cognitive and
behavioral treatment

BLUE FLAGS Socioeconomic/
work factors

Predispose to
delayed recovery

) unemployment
) fear of losing job
) monotony at work
) lack of job satisfaction
) poor relationships with peers and

supervisors

) add ergonomic
education
) add problem-

solving strategies

BLACK FLAGS Occupational
and societal
factors

Predispose to
onset of LBP or dis-
ability after acute
episode of LBP

) adverse sickness policy
) ongoing disability claim
) disability compensation
) unemployment
) type of insurance system

) add problem-
solving strategies
) solve legal claims

Yellow flags may indicate

psychosocial barriers

to recovery and predict

poor outcome

Yellow flags represent patient’s beliefs or behaviors that indicate psychosocial
barriers to recovery and predict poor outcomes. Factors which consistently pre-
dict poor outcomes are the belief that back pain is harmful or potentially severely
disabling, fear avoidance behavior (avoiding a movement or activity due to
anticipation of pain), reduced activity levels, tendency towards low mood, with-
drawal from social interaction, and an expectation of passive treatment rather
than a belief that active participation will help to solve the problem [42, 43]. Such
barriers to recovery should be assessed as soon as possible by the clinician and
should be addressed with cognitive and behavioral interventions to avoid long-
term problems.

Six open-ended questions are useful for eliciting the presence of yellow flags
[42]:

) Have you had time off work in the past with back pain?
) What do you understand is the cause of your back pain?
) What are you expecting will help you?
) How is your employer responding to your back pain? How are your cowor-

kers or family responding?
) What are you doing to cope with back pain?
) Do you think that you will return to work? If yes, when?

Blue flags represent work

related predisposing factors

for delayed recovery

Blue flags represent work-related predisposing factors for delayed recovery [50]
such as fear of losing one’s job, monotony at work, lack of job satisfaction, and
poor relationships with peers and supervisors. Though it is difficult to influence
work factors in a clinical setting, interventions aimed at strengthening coping
skills and problem solving of the patient are part of a cognitive behavioral strat-
egy.

Black flags are related to

occupational and societal

factors

Black flags relate to occupational and societal factors such as low income and
low social class [71]. These factors either lead to the onset of low back pain or
promote disability once the acute episode has occurred (see Chapter 6 ).
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PAIN DURATION

ACUTE

SUBACUTE

EARLY CHRONIC

CHRONIC

0 1-4 Weeks 12 Weeks 1 Year

convey optimism 

• stay active

• pain medication

• self-care

techniques

convey optimism 

• exercise

• pain medication

• psychological evaluation and possible

intervention

• work conditioning program

(if patient is motivated to return to work)

exercise

• aggressive pain

management

• psychological evaluation

and treatment

• multidisciplinary

conditioning program

•••

Management of NSLBP

Various guidelines supporting the evidence of conservative treatment have been
published and they offer treatment recommendations for acute, subacute and
chronic LBP [66, 78]. These guidelines were formulated by groups of interna-
tional experts considering the scientific evidence for physical and non-physical
treatment of back pain. Today there are guidelines from many countries and their
recommendations are quite consistent [45]. This chapter addresses the treatment
of acute, subacute and chronic benign LBP (Fig. 1).

The focus of rehabilitation

is on patients with delayed

recovery

The natural history of NSLBP shows that most patients return to normal func-
tion before the delayed recovery period, whether or not they have any kind of
treatment [82]. Therefore, in order to maximize the effectiveness of treatments
aimed at disability prevention, the thrust of rehabilitation efforts must be

The chances of a return

to work after one year

are minimal

focused on patients who have not resumed normal activities after 4 weeks.
Return to work as soon as possible is important because the chances of resuming
work are minimal after one year [82].

Management of Acute NSLBP (<4 weeks)

Acute LBP is often

self-limiting and minimal

medical intervention

is recommended

Acute low back pain is defined as the period between onset and 1–4 weeks [32,
62] after onset of pain. Since low back pain is self-limiting for the majority of
patients, minimal or no medical interventions are recommended for acute non-
specific low back pain [2, 84].

Self-care techniques put

the patient in an active role

in the treatment and

recovery process

In fact, patients can easily rely on self-care techniques such as over-the-coun-
ter medication and activity as tolerated. This approach is desirable because it
requires that the patient plays an active role in the treatment and recovery pro-
cess [61] (Table 2).

It has been shown that individuals who perceive that they have control over
their symptoms and the ability to affect the necessary behaviors have better out-
comes than those who do not [63]. In addition self-care techniques reduce the
number of health care visits, the associated risk for complications and the treat-
ment costs [63].

Figure 1. Assessment
and interventions in
acute, subacute and
chronic non-specific
low back pain
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Table 2. Randomized controlled trials of the effectiveness of exercises in the treatment of low back pain

Author Sub-
jects

Stage Intervention/groups Outcome
measures

Conclusions

Malvimaara
et al. 1995
[52]

186 Acute 1. 2 days bed rest
2. Extension and lateral flexion

exercises
3. Control group: return to ADL

(asap)

) pain
) disability
) range of motion

) control group best results at
3 and 12 weeks
) recovery slowest for bed rest

Lindstrom
et al. 1992
[47]

103 Sub-
acute

1. Graded activity program with
behavioral therapy approach

2. Control group: traditional care

) mobility
) strength
) fitness

) earlier return to work in
activity group
) mobility, fitness and strength

better in activity group

Mannion et
al 1999 [54]

148 Chronic 1. Active physiotherapy
2. Muscle reconditioning on train-

ing devices
3. Low-impact aerobics

) range of motion
) pain
) disability
) psychosocial

factors

) significant reduction in pain,
psychological factors and
disability in all groups
) range of motion improved in

2 and 3

Torstensen
et al. 1998
[75]

208 Chronic 1. Medical exercise
2. Conventional physiotherapy
3. Self-exercise

) pain, functional
ability
) patient satisfac-

tion
) return to work
) sick leave, costs

) groups 1 and 2 were signifi-
cantly better than 3
) patient satisfaction highest

for 1
) no difference between

groups for return to work

Frost et al.
1995 [33]

81 Chronic 1. Exercise: fitness, stretching,
back school

2. Back school

) pain
) functional status
) walking distance

) the exercise group scored
significantly higher on most
outcomes

Hansen et
al. 1993 [36]

150 Chronic 1. Intensive dynamic back muscle
exercises

2. Conventional physiotherapy
including isometric exercises

3. Placebo: hot packs and light
traction

) pain ) physiotherapy was superior
in male patients whereas
muscle exercises were most
efficient for female partici-
pants

Deyo et al.
1990 [29]

145 Chronic 1. TENS
2. Placebo
3. TENS and exercise (stretching)
4. Placebo and exercise

) pain
) range of motion
) ADL

) no significant difference
between the TENS group
and placebo
) TENS was equivalent to exer-

cise alone

Manniche et
al. 1988 [53]

105 Chronic 1. Intensive dynamic back exten-
sor exercises

2. Moderate dynamic back exten-
sor exercises

3. Thermotherapy, massage and
light exercises

) pain
) disability
) physical impair-

ment

) improvement in all groups
) group 1 scored significantly

better than 2 and 3

The patient must be advised

to resume normal activities

If the patient chooses to see a physician during this period it is important for the
doctor to convey information about the natural history of LBP. The patient
should be encouraged to resume normal activities [66] and to stay active. Bed
rest should not be prescribed as a treatment. If necessary, over-the-counter medi-
cations should be used for pain relief [2, 84].

Medical Pain Management

For acute NSLBP, acetamino-

phen is recommended

because of its low potential

side effects

Over-the-counter medication should be used for pain relief whenever possible.
The first choice of medication should be acetaminophen (paracetamol) because of
its low potential side effects [14]. If pain relief is insufficient, non-steroidal anti-
inflammatory drugs, such as acetylsalicylic acid, diclofenac or ibuprofen can be
prescribed. However, these medications can have serious side effects such as gas-
trointestinal and renal complications as well as a decreased platelet aggregation.
The use of muscle relaxants and opioids has several unpleasant side effects and
has not been shown to be more effective than other, safer drugs [14, 84].
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Management of Subacute NSLBP (4–12 weeks)

Treatment of subacute

NSLBP should proceed

in a stepwise fashion

About 60–70% of the patients with NSLBP seeking care, return to normal func-
tion after 4 weeks. If back pain is not resolved after 4 weeks, patients are at
increased risk for disability [43, 62, 84]. The risk factors discussed above are asso-
ciated with delayed recovery and should be identified. Expensive and invasive
procedures should be kept to a minimum. Because no guidelines for the manage-
ment of subacute LBP have been clearly established, treatment should proceed in
a stepwise fashion, from least to most invasive treatment [61].

Exercise

Progressive exercise therapy has been shown to be beneficial for patients with
subacute or recurrent episodes of LBP [2]. Although there is sufficient evidence
to recommend physical, therapeutic or recreational exercise, it remains unclear
whether any specific type of exercise is more effective than any other [2, 77]. The
type of exercise prescribed often depends on the training and preferences of the
provider and may vary considerably.

Exercise therapy is beneficial

in patients with subacute or

recurrent episodes of NSLBP

A variety of exercises have been studied including flexion/extension exercises
for the trunk, various dynamic exercises, aerobics, stretching, Williams flexion
exercise method, McKenzie extension exercises, isometric exercises, and walking
and jogging [20, 82]. All seem to be helpful if the patient is committed to per-
forming the exercise. Therefore, an important issue is to encourage exercise and
activity preferred by the patient. Less is known about the importance of intensity,
duration and frequency of the exercise. However, it is recommended that the
exercises are progressive in intensity, duration and frequency [61].

Cardiorespiratory endurance

and stretching programs

assist recovery

Unless comorbidities contraindicate certain activities, a general progressive
fitness program of any type is usually safe [2]. A walking program can increase
cardiorespiratory endurance. A stretching program may achieve flexibility and
improve range of motion. Strengthening exercises increase the ability of a muscle
or a muscle group to overcome resistance. Strengthening and endurance exer-
cises are a major component in the rehabilitation of patients with LBP. They usu-
ally consist of body weight resistance against gravity, machines, free weights, and
elastic band resistance and in later stage a recommended sport of the patient’s
preference [61] (Table 3).

Modalities and Manual Therapy

Manual therapy may be

effective for short-term

relief

Commonly used physical modalities for LBP include electrotherapy (TENS),
therapeutic heat (superficial heat), therapeutic cold (e.g., cold packs, sprays),
and magnetic therapy. Manual therapy includes other passive treatments such as
massage and mobilization.

An active approach provides

the best outcome

Although there is no evidence that any of these treatments improve the func-
tional outcome of LBP, some of them may be effective for short-term relief and
serve as a catalyst for activity resumption [61]. They should only be used to con-
trol symptoms in conjunction with an exercise program, as an active approach
provides the best outcome [14].

Spinal Manipulation

Some studies have reported that a few treatments of spinal manipulation in the
acute stage of injury can speed recovery [1, 78]. However, these studies are of
mixed quality and do not allow definitive statements of efficacy [18]. If a patient
is not responsive to two or three treatments, it is unlikely that they will be helped
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Table 3. Suggestion for a home exercise program for NSLBP

Exercise Goal

Transverse
abdominis
muscle
activation

To activate the transverse
abdominis muscle indepen-
dently while maintaining dia-
phragmatic breathing

Adapted leg
crunches

To activate the abdominal
muscles in a neutral lumbar
spine position while moving
the lower extremity

Lumbar pro-
prioception

To increase body awareness
and stabilize the lumbar spine
while bending the hip joints

Lumbar sta-
bilization

To improve lumbar stabiliza-
tion in forward bending and
activate the lumbar extensors

Step up To maintain lumbar stabiliza-
tion while strengthening the
lower extremity

at all and another type of treatment should be introduced. There is no strong sup-
port to recommend spinal manipulation after the acute phase of NSLBP, and
there is no evidence to support its use in recurrent or chronic NSLBP [78].

Manipulation shows

short-term benefit in

patients with acute NSLBP

One study questioned the cost-effectiveness of spinal manipulations in low
back pain patients as its effect was found to be just slightly better than providing
an educational booklet without intervention [23].
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Psychological Intervention

Psychological interventions

assist recovery and prevent

chronicity

Psychological intervention, predominantly a cognitive-behavioral therapy, is
indicated if the patient shows delayed recovery despite aggressive medical and
physical therapy management [43, 63, 82, 84]. There is increasingly good evi-
dence that such treatment may assist the rate of recovery and prevent chronicity
[48]. All “at risk” patients showing signs of “yellow flags” should be evaluated for
psychological intervention.

Psychological interventions

include relaxation training,

cognitive techniques and

coping strategies

Relaxation training may be used to reduce maladaptive long-term stress
responses [79]. Cognitive techniques are introduced to reduce the negative
response associated with pain [79]. These may include pain distraction tech-
niques, reinterpreting symptoms, and the use of healing or calm imagery. Prob-
lem focused coping may also be used to assist in overcoming obstacles to recovery
and to initiate behavioral change [79]. In some cases, intervention may include
psychotherapy or psychopharmacological therapy, or both [61]. Psychological
interventions are also indicated in patients with severe distress, those who state
that stress plays a significant role in pain or state a desire for an alternative
approach to pain, and those patients with recurrent NSLPB [14, 82, 83].

Psychological interventions for best results should usually be done in conjunc-
tion with physical therapy exercises. The coordination of care among providers
is crucial to provide a consistent and clear message to the patient. Exercise and
psychological techniques for pain control reinforce each other: as the patient
becomes stronger physically, a sense of psychological control emerges, and vice
versa.

Work Conditioning Programs

The goal of work condition-

ing programs is to return

the patient to gainful

employment

Work conditioning programs usually include exercise and fitness, and cognitive/
behavioral and educational components [20]. Work hardening programs in-
clude all the components above as well as work simulation such as digging, driv-
ing, and other work tasks [20]. These programs are designed for patients in the
subacute or early chronic stage of NSLBP who indicate a willingness to return to
work. The programs are distinguished by their aggressive approach to rehabilita-
tion and emphasis on returning the patient to gainful employment [47, 49].

Multidisciplinary programs

show best results for

patients with subacute LBP

These programs use a behavioral paradigm in which the health care provider,
in collaboration with the patient, sets the physical functioning goals, and the
accomplishment of goals is rewarded with positive feedback [20]. Additionally,
many of these programs simulate actual physical work tasks to prepare the
patient to return to work after rehabilitation. Most of these programs are multi-
disciplinary in nature, including psychological and/or ergonomic components
[20]. Most successful programs include aggressive physical therapy, psychologi-
cal intervention, education, and training to return to the workplace. It has been
shown that multidisciplinary programs appear to have the best results for
patients with subacute LBP [2, 40, 83], although the relative contribution of the
different disciplines to the success of treatment and outcomes is unknown.

Medical Pain Management

Not much evidence is available about the medical pain management in subacute
LBP. However, in common clinical practice, analgesics such as acetaminophen
and non-steroidal anti-inflammatory drugs have been shown to be effective [76].
In some cases antidepressants and muscle relaxants might be indicated. Facet
joints or epidural injections may be subjectively helpful but have not been proven
to be effective.
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Management of Chronic Non-specific LBP (>12 weeks)

Multidisciplinary and work

conditioning programs

may prevent disability

The natural history of NSLBP predicts that, as time goes on, the chances for
recovery become progressively worse [61]. At 6 months after the onset of pain,
the likelihood of a patient ever resuming normal activities is 40–55%, at 2 years,
it is almost nil [82]. Most studies and reviews imply that any attempts to rehabili-
tate chronic patients generally are not very successful [61]. However, aggressive
multidisciplinary programs have been shown to be successful for some chronic
patients [20]. Work-conditioning programs may also help for the early chronic
patient (<1 year) [20]. These types of programs should be considered if the
patient has not previously tried aggressive physical therapy (see Table 1).

Medical Pain Management

In chronic LBP, acetaminophen and non-steroidal anti-inflammatory drugs are
likely to be beneficial [81]. The effectiveness of other medications such as antide-
pressants and muscle relaxants is unknown [81]. However, in common clinical
practice these medications can be beneficial in combination with the treatment
mentioned above. Facet joint injections have been shown to be ineffective or even

Table 4. Outcome of medication on back pain and sciatica

Medi-
cation

Stage Results References Adverse effects

NSAIDs Acute
LBP

) conflicting evidence for better pain relief than placebo [4, 8, 10, 35, 39,
46, 74, 85, 86]

) gastrointestinal
complications
) cardiovascular risks) conflicting evidence that NSAIDs are more effective

than paracetamol
[30, 57, 87]

) moderate evidence that NSAIDs are not more effective
than other drugs

[10, 17, 19, 30,
73, 80]

Chronic
LBP

) naproxen sodium 275 mg decreased pain more than
placebo at 14 days

[12]

) strong evidence that COX2 inhibitors decrease pain and
improve function better than placebo

[15, 25, 41, 65]

Muscle
relaxants

Acute
LBP

) limited evidence that an intramuscular injection of
diazepam followed by oral diazepam is more effective
than placebo for short-term pain relief and overall
improvement

[58] ) strong evidence for
more total adverse
effects and central
nervous system
adverse effects than
placebo (drowsi-
ness, dizziness)

) moderate evidence that orphenadrine injection is more
effective than placebo in pain relief and muscle spasm

[44]

) strong evidence that oral non-benzodiazepines are
more effective than placebo for short-term pain relief
and physical outcome

[9, 11, 13]

) strong evidence that antispasticity muscle relaxants are
more effective than placebo for short-term pain relief
and spasm reduction

[21, 27]

Chronic
LBP

) strong evidence that tetrazepam 50 mg is more effec-
tive than placebo on short-term pain relief

[6, 70]

) moderate evidence that tetrazepam is more effective
than placebo on short-term decrease of muscle spasm

[6]

) moderate evidence that flupirtine is more effective
than placebo on short-term pain relief but not on
spasm reduction

[88]

) moderate evidence that tolperisone is more effective
than placebo on short-term overall improvement but
not pain relief and spasm

[68]

Antide-
pressants

Chronic
LBP

) antidepressants significantly reduce pain compared
with placebo, no difference in functioning

[69, 72] ) dry mouth, drowsi-
ness, constipation,
urinary retention,
orthostatic hypo-
tension, mania
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The effect of analgesic

pumps is unproven

harmful [81]. Implantation of analgesic pumps, which constantly release analge-
sics, is becoming more and more popular, but their effectiveness remains to be
proven (Table 4).

Recapitulation

Epidemiology. The lifetime prevalence for LBP
ranges from 49 % up to 84 %, making it one of the
most common complaints. However, less than 10 %
experience chronic low back pain.

Classification. Low back pain can be divided into
specific LBP (with a pathomorphological correlate)
and non-specific LBP into acute, subacute and
chronic stages. There exist several models to ex-
plain and classify chronic NSLBP such as the periph-
eral pain generator model, the neurophysiological
model, the mechanical loading model, the signs
and symptoms model, the motor control model
and the biopsychosocial model.

Assessment. NSLBP is a diagnosis primarily based
on the exclusion of an underlying pathomorpholo-
gical alteration. The “flag system” is a useful tool
which helps to rule out serious pathologies and to
identify risk factors for delayed recovery.

Acute NSLPB. Acute NSLBP is mostly a self-limiting
condition in which no anatomic pathology can be
identified which correlates with signs and symp-
toms. It requires no special medical attention un-
less red flags indicate a specific diagnosis requiring

timely treatment or yellow flags suggest psycho-
logical stressors that may delay recovery. During
the acute phase (< 4 weeks), most patients benefit
from self-care techniques, including over-the-co-
unter medications and graded physical activity as
tolerated. Most patients recover and are able to re-
turn to work.

Subacute NSLPB. In the later acute phase
(2 – 4 weeks after onset) and the early subacute
(4 – 6 weeks after onset) phase, a variety of progres-

sive exercise programs appear equally useful, and
therefore the choice is often made based on the
preferences of the physical therapist. In patients
not responding to these treatments, psychological
evaluation and short-term psychological interven-

tions may be effective.

Chronic NSLBP. Failure to recover from subacute
and recurrent back pain should prompt the use of
multidisciplinary work conditioning programs

(within 6 – 12 weeks of onset). Preliminary evidence
suggests that an important part of the success of
these programs is the patient’s motivation to return
to work.
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Abenhaim L, Rossignol M, Valat JP, Nordin M, Avouac B, Blotman F, Charlot J, Dreiser
RL, Legrand E, Rozenberg S, Vautravers P (2000) The role of activity in the therapeutic
management of back pain. Report of the International Paris Task Force on Back Pain.
Spine 25:1S–33S
Extensive review about the role of activity in the treatment of patients with back pain with
comprehensive recommendations from the Paris Task Force.

Accident Rehabilitation & Compensation Insurance Corporation of New Zealand and
National Health Committee (1997) Acute Low Back Pain Guide. Ministry of Health, New
Zealand
The New Zealand task force proposed a flag system to help identify factors associated
with poor outcome of low back pain.

Cherkin DC, Deyo RA, Battie M, et al. (1998) A comparison of physical therapy, chiro-
practic manipulation, and provision of an educational booklet for the treatment of
patients with low back pain. N Engl J Med 339:1021–9
Trial investigating the cost effectiveness and treatment success of McKenzie treatment
compared to chiropractic manipulation or minimal treatment (educational booklet).
There was no significant difference between the chiropractic and McKenzie intervention
and no differences in absence of work or recurrent back pain among all groups. However,
the booklet proved to be the most cost-effective intervention whereas chiropractic and
McKenzie therapy had similar costs. The limited benefits of the therapies are questioned
when considering their costs.

Mannion AF, Taimela S, Muntener M, Dvorak J (2001) Active therapy for chronic low
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Postoperative Rehabilitation

Florian Brunner, Shira Schecter-Weiner, Annina Schmid, Rudolf Kissling

Core Messages

✔ The goal of rehabilitation is to restore optimal
patient function in all spheres of life, including
the medical, social, emotional, and vocational
dimensions

✔ The key to successful rehabilitation manage-
ment is understanding the relationship
between selected target problems including
impaired bodily functions and structures, as
well as psychosocial and environmental factors

✔ The primary goal of postoperative rehabilita-
tion is to decrease pain and to restore optimal
function in activities of daily living, including
household and community skills

✔ To promote and maximize the individual’s
recovery, rehabilitation interventions must be
planned with regard for the three stages of
wound healing (inflammation, proliferation,
remodeling/adaptation)

✔ A careful preoperative assessment is essential
in order to establish realistic and attainable
postoperative goals

✔ The goal of rehabilitation during the first week
after surgery is to achieve the best possible
independence in activities of daily living (ADL)
prior to discharge from the hospital

✔ During the first 4 – 6 weeks postoperatively, no
supervised rehabilitation is usually needed.
After biological healing, stretching and
strengthening exercises can be progressed as
tolerated by the patient and according to the
surgeon’s protocol

✔ Four to 6 months postoperatively, the patient
should return to optimal function and work sta-
tus and continued physical activity should be
encouraged for ideal long-term outcome

Epidemiology

The epidemiology of postoperative rehabilitation after spinal surgery is not well
explored. This lack of evidence includes not only the epidemiology but also the
efficacy of postoperative rehabilitation after spinal surgery. So far, no compre-

The scientific evidence for

postoperative rehabilitation

is sparse

hensive guidelines about this topic have been published. There is some evidence
for the efficacy of postoperative rehabilitation after disc surgery [4, 6, 8, 10, 17,
21, 25].

In this setting, it is important to emphasize that the contents of this chapter are
based on experience in common clinical practice rather than results from ran-
domized controlled trials. Where appropriate, our recommendations are
enhanced by evidence from the literature. We do not imply that the recommenda-
tions given in this chapter are universally applicable. However, they have been
shown anecdotally to be efficient in a third level spine referral center.
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Conceptional Background

Theoretical Considerations

Rehabilitation medicine may be defined as the multi- and interdisciplinary
approach to optimizing a patient’s function and health subsequent to medical
treatment [28]. The goal of rehabilitation is to restore optimal patient function in
all spheres of life, including:

) medical dimensions
) social dimensions
) emotional dimensions
) vocational dimensions

The objectives of rehabilitation can be centered around three strategies, i.e.

) treatment strategy
) rehabilitative strategy
) preventive strategy

Rehabilitation encompasses treatment of impaired body structures and func-
tions (treatment strategy); aims to overcome impaired bodily functions, activity
limitations and participation restrictions (rehabilitative strategy); and aims to
prevent further symptoms and disability (preventive strategy) [28].

The goal is to restore

optimal patient function

in all spheres of life

Although an underlying condition may not be cured or prevented, rehabilita-
tion can minimize symptoms, disability and related health care costs, a benefit
for both the individual and society [29].

In 1980 the World Health Organization published the International Classifica-
tion of Impairments, Disabilities, and Handicaps (ICIDH) as a scheme for the
consequences of disease [38]. This classification was revised in 2001, and rena-
med the International Classification of Functioning, Disability and Health (ICF)
[39]. The ICF classification describes situations with regard to human function-
ing and its restrictions, and serves as a framework to organize this information
in two parts: the first part deals with functioning and disability; the second part
covers contextual factors.

According to the ICF classification, the disability of a patient can be conceptu-
alized within three related system domains:

) organ domain or biological system
) person domain
) social domain

Limitations or deficits within these domains lie in three respective dimensions
(Table 1):

) impairment
) activity
) participation

Table 1. Summary of rehabilitation targets and domains

Target Domain Description

Impairment organ domain implies any loss or abnormal function of an organ or a system (biological or psycho-
logical)

Activity person domain performance of individual tasks or activities by the person, including activities of daily
living (dressing, driving, cooking)

Participation social domain person’s involvement in life situations, during leisure activities or at work
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Any restriction of a person’s ability to perform a task or activity within a range
considered normal for an individual of a particular age results in disability.

Environmental and personal

contextual factors influence

a person’s health condition

According to the ICF Classification, a person’s health condition is also influ-
enced by contextual factors, which represent the complete background of an indi-
vidual’s life and living situation. Within the contextual factors, environmental
factors make up the physical, social and attitudinal environment in which people
live and conduct their lives (e.g., natural environments, relationships, attitudes,
values and beliefs). Personal factors reflect the particular background of an indi-
vidual’s life and living situation and comprise features that are not a physical
component of a health condition (e.g., gender, age, race, fitness and lifestyle).
These factors can have a positive or a negative influence on the patient.

It has been shown that participation in a rehabilitation program after disc
surgery has a considerable positive impact on outcome and is an important sup-
plement to surgery [20, 24]. The benefit of a rehabilitation program after fusion
surgery has not been studied in the past.

The benefits of postopera-

tive rehabilitation programs

are not well explored

There is persistent controversy about the duration and necessity for postoper-
ative restriction of activities after spinal surgery, as well as specific rehabilitation
protocols [5]. The individual preferences and protocols of the surgeons as well as
the fear of reinjury after the intervention are possible explanations for this con-
troversy.

Anatomical and Surgical Considerations

A rehabilitation program has to be planned with respect for the postoperative
phase of wound healing. Wound healing is a physiological response of the body
to the surgery and can be divided into three stages:

) inflammation (0–2 days)
) proliferation (3–21 days)
) remodeling/adaptation (21–300 days) [32]

Rehabilitation must respect

postoperative soft-tissue

healing

Throughout the postoperative rehabilitation process it is crucial to plan and
implement interventions which consider these different stages. In spinal surgery,
it is especially important to respect these stages since there is a greater degree of
muscle detachment than in other orthopedic fields.

Especially posterior surgery of the spine exposes and traumatizes the paraver-
tebral muscles. Deep paravertebral muscles such as the mm. rotatores and mm.
multifidi serve as important stabilizers, especially in the lumbar spine. In con-
trast to other orthopedic fields such as hip and knee surgery, there is no way to
avoid extensive muscle detachment and retraction in posterior spine surgery.
Posterior dissection carries the potential risk of denervation of the paraspinal
musculature leading to weakness and muscle dysfunction [11]. As a direct conse-
quence, a decrease in trunk strength after posterior lumbar surgery was shown
[11, 22]. Prolonged retraction of the paraspinal muscle during spinal surgery
may produce ischemic damage. This ischemic damage may be the underlying
cause of electrophysiological [16] and magnetic resonance changes [12]. How-
ever, there is no correlation with pain or other clinical symptoms after a posterior
surgical approach to the spine [37].

Muscle detachment in

posterior spine surgery

limits early rehabilitation

If instrumentation has been performed, care must be taken to protect the
operation site until solid fusion has occurred. This takes approximately
3–4 months, depending on the bone quality and the type of instrumentation.
Torsional stability requires solid fusion, which may need some more time.
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Individual and Societal Considerations

Several factors must be considered when identifying the postoperative goals for
this patient population:

) preoperative status
) patient expectations
) comorbidities
) work situation
) societal factors

The task of the surgeon is to

inform the patient about

realistic surgical goals

For the individual patient, function can have a variety of meanings. The entire
health care team interacting with the patient must be aware of what optimal func-
tion means to a particular patient, and to establish common realistic goals based
on physician and patient expectations.

Surgery is successful if

the patient’s expectations

are met

Preoperatively, the physician is obliged to explain to the patient what to
expect in the postoperative period and how realistically the patients’ expecta-
tions can be met by the intervention [19, 27]. The functional status of the patient
will greatly influence the intensity of rehabilitation necessary to reach the post-
operative goals. Patients who are able to maintain a high level of preoperative
functioning, including work status, are expected to regain function more easily
[2]. The underlying condition and comorbidities will negatively impact the
postoperative process, and consequently the rate and intensity of rehabilitation.
Clinical factors shown to be associated with unexpected critical care manage-
ment and prolonged hospitalization include preexisting myelopathy, extent of
decompression, presence of pulmonary disease, hypertension, cardiovascular
disease and diabetes mellitus [15]. Preoperative sick leave [14], compensation
payments and litigation [30] are important predictors of poor outcomes after
low back surgery.

Indications for Postoperative Spinal Rehabilitation

Rehabilitation addresses

the causes and secondary

effects of injury and illness

Care must be taken to distinguish between postoperative follow-up treatment
and rehabilitation. Functional status and health are different when viewed from
the medical versus the rehabilitation perspective. According to the biomedical
model, a treatment is directed at the cause of disease without considering the sec-
ondary effects of illness. Rehabilitation complies with the biopsychosocial model
and produces multiple simultaneous interventions addressing both the cause
and secondary effects of injury and illness.

Rehabilitation is indicated

if a persistent, complex

and multimodal

malfunction exists

Rehabilitation is clearly indicated if a persistent, complex and multimodal
malfunction exists, which may require a multidisciplinary treatment plan and is
likely to be successful. A complex problem (impairment) that impacts on func-
tion, activity or participation may benefit from rehabilitation.

To clarify the need and to set the goals for an intervention in rehabilitation, the
following prerequisites must be assessed and fulfilled in a cumulative manner. A
rehabilitation treatment plan can be prescribed after considering:

) need for rehabilitation
) capacity for rehabilitation
) rehabilitation potential/prognosis

Rehabilitation is needed if a health impairment and activity/participation inter-
ference exist simultaneously. A patient is considered capable of achieving good
results if their somatic and psychological status allows participation in an appro-
priate rehabilitation program. Important factors to identify are the motivation,
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compliance and capacity of the individual. An evaluation of the rehabilitation
potential is based on the prognosis of the success of the rehabilitation interven-
tion and on its durability. This implies that the goals are attainable and the effects
sustainable.

General Goals

The primary goal of postoperative rehabilitation after spinal surgery is to
decrease pain and to achieve optimal independence in all activities of daily liv-
ing, leading to a reintegration into work and social life. Patients typically suffer
from a number of problems postoperatively including pain, fatigue, and difficul-
ties with the activities of daily living (personal, household and social). Prerequi-
sites for successful rehabilitation management are:

) the understanding of the relationship between selected target problems and
impaired structure, i.e., bodily functions

The primary goal

is to decrease pain and

to optimize independence

in all daily activities
) the presence of confounding psychosocial and environmental factors

Specific Goals

Successful rehabilitation

identifies and addresses

factors with the greatest

potential for improvement

Not all impaired bodily functions, structures and contextual factors may be rel-
evant to the target problem. Furthermore, not all bodily functions, structures
and contextual factors relevant to the problem are modifiable or of equal
importance. When planning the rehabilitation intervention, it is thus necessary
to identify and address those factors with the greatest potential for improve-
ment and of importance to the patient, and to set priorities by selecting target
problems, and to define realistic goals and a realistic time frame for achieving
them.

Principles of Postoperative Rehabilitation

Preoperative Assessment

A careful physical assess-

ment helps to identify

realistic functional goals

A thorough preoperative assessment forms the basis for an effective postopera-
tive rehabilitation. It is essential to establish realistic and attainable postoperative
goals (Table 2):

Table 2. Checklist for preoperative assessment

Questions to be considered by the surgeon

) Is the surgical procedure appropriate considering the patient’s physical and functional status?
) Are all comorbidities optimally controlled?
) Can I expect this patient to progress to a level of household independence within several postoperative days?
) Is there a realistic support system in place to support the patient through the recovery process?
) Will inpatient rehabilitation or home health assistance likely be needed?
) Might the patient need equipment and/or household modifications due to physical deconditioning such as a rolling

walker, elevated commode, etc.?
) Does the diagnosis correlate with the reported symptoms and functional status? If not, a cognitive assessment might

be beneficial
) Are there any anticipated obstacles to recovery?

In order to plan postoperative rehabilitation, several aspects must be consid-
ered:

) specific needs of the patient
) comorbidity
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) rehabilitation potential
) goals of rehabilitation

The rehabilitation protocol, including the necessary interventions as well as their
intensity and duration, is established through the synoptic assessment
of the aforementioned aspects. A careful physical assessment can aid in deciding
on the need and type of postoperative rehabilitation, i.e., home-exercise pro-
gram, assisted physiotherapy, in-hospital aftertreatment, or support at home.

An effective rehabilitation

begins preoperatively

Once the patient’s physical capabilities have been assessed, an attempt should
be made to correlate these findings with their functional status. Physical limita-
tions and functional capacity are not always in proportion. In cases where they
are out of proportion, an attempt must be made to overcome obstacles for reha-
bilitation as soon as the preoperative period.

Other variables that should be considered during the preoperative assessment
extend beyond physical findings and include:

) secondary gains
) financial incentives
) patient’s expectations

Although not directly related to the underlying condition, secondary gains pro-
vide some indirect benefit to the individual and may represent an obstacle to
recovery.

Pending litigation or workers’ compensation benefits have the potential to
interfere with the postoperative result and have been linked to a poor postopera-
tive outcome [13, 30]. These financial incentives must be identified preopera-
tively and should be solved prior to an indication for surgery.

The expectations

of the patient and physician

must be synchronized

preoperatively

Another significant matter to assess preoperatively is that of expectation. This
includes both the expectations of the patient and the surgeon. Synchronizing
both dimensions is critical for an optimal outcome and satisfaction of the patient
and physician.

Postoperative Rehabilitation

As indicated above, effective rehabilitation has to begin preoperatively. Based on
the time elapsed after surgery, the postoperative rehabilitation can be differenti-
ated into three phases (Table 3):

Table 3. Synopsis of postoperative rehabilitation

Period Goals Assessment and tools

Preoperative
assessment

establish realistic and attainable postoperative
goals

) needs of the patient
) rehabilitation potential
) goals of rehabilitation
) type of intervention
) intensity and duration of required rehabilitation

Immediate
aftercare

achieve optimal independence in activities of
daily living prior to discharge

) early mobilization
) bone and soft tissue healing
) activities of daily living (questionnaire)
) home exercise program

Rehabilitation promote tissue healing and progress to more
strenuous exercises (3 months postoperatively)

) home exercise program (gradually increasing
activity)
) after tissue healing: stretching/strengthening

exercises as tolerated

Aftercare minimize persistent deficits in activities of daily
living and return to work

) home exercise program
) restart of recreational activities
) instruction of preventive measures
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The progression of each of these periods depends on the individual needs of the
patient, goals of rehabilitation, interventions performed, duration of the treat-
ment and response to treatment.

Immediate Aftercare

This period starts at surgery and ends with the discharge from hospital. Besides
routine postoperative medical and wound care, the period includes physical ther-

The primary goal of

rehabilitation is to regain

activities of daily living

apy and possibly occupational therapy. The primary objective of rehabilitation
during the immediate care stage is independent ambulation and a regaining of
the activities of daily living. The aim of early mobilization is to avoid a decondi-
tioning of various body systems following surgery. Possible obstacles to achiev-
ing successful early mobilization are patient fear avoidance beliefs, postoperative
pain, low postoperative levels of hemoglobin, vasovagal reactions and hypotonic
blood pressure.

Physical therapy starts on the first postoperative day with a neurological check
and an evaluation of the current status of the patient. Prior to initiating treat-
ment, patients should be questioned regarding the effectiveness of their pain
management and if necessary the pain medication must be modified to allow for
a painless initial mobilization. The patient should also be reassured about the
safety of postoperative movement. Common immediate care rehabilitation pro-
cedures include:

) deep diaphragmatic breathing
) ankle range of motion

Early mobilization

is important

The goal of diaphragmatic breathing is to promote full lung and chest expansion,
and to clear the airways of secretions secondary to anesthesia, thus avoiding atel-
ectasis. Furthermore, oxygen saturation in the blood is maximized prior to pro-
gressing from a reclining to an upright position and relaxation can be achieved.
Exercises for ankle range of motion are to promote good circulation and to avoid
the development of blood clots secondary to inactivity.

Activities of Daily Living

Regaining the activities

of daily living is mandatory

prior to discharge

The term “activities of daily living” (ADL) refers to the basic tasks of everyday
life, such as eating, bathing, dressing, toileting, and transferring. A distinction is
made between upper and lower body management, especially for bathing and
dressing. After spinal surgery, optimizing independence in ADL prior to dis-
charge from the hospital is an important goal. Few studies exist that support or
describe an optimal immediate postoperative rehabilitation protocol and there-
fore recommendations are based on clinical practice. Throughout the rehabilita-
tion process care must be taken to protect the wound and any instrumentation of
the spine (Tables 4, 5).

Rehabilitation

A home exercise program

suffices for the first

4 – 6 weeks

Depending on the type of surgery, the rehabilitation period lasts from discharge
until approximately 3–6 months. Common clinical practice shows that besides
the home exercise program, no specific rehabilitative intervention is needed for
the first 4–6 weeks after surgery. However, the patient should perform the home
exercise program on a regular basis.

The aim of this home program is to place the patient in an active role of self-
care, and to promote self-confidence and body awareness. It usually consists of a
few stabilizing and stretching exercises that can be readily incorporated into the
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Table 4. Activities of daily living tasks

Task Goal

Bed mobil-
ity includ-
ing log
rolling

To limit rotation and enable the
patient to use their arms as a
support for independent trans-
fer from supine to sitting posi-
tion. A side grab bar may be
added to the bed in the hospi-
tal or at home

Transfers To promote independence in all
sit to stand transfers. In situa-
tions where the patient is weak
in their arms or quadriceps
muscle, the addition of grab
bars, firm cushions on a chair or
an elevated commode may be
helpful

Ambulation
on level
and uneven
surfaces

To promote independence in all
ambulation on level surfaces,
stairs and inclines. If balance is
a problem, the addition of a
rolling walker or cane might be
necessary. Avoid heavy ambula-
tion devices that require repeti-
tive lifting as this may place
unnecessary strain on the low
back. The patients are encour-
aged to increase the walking
distance at home continuously

Table 5. ADL tasks as instructed in group training

Task Goal

Basic lifting
and pos-
tural guide-
lines

To educate the patient about
basic body mechanics and pos-
tural awareness. If specific
restrictions are advised by the
surgeon, the patient should be
provided with clear and concise
instructions. During the first
6 weeks after surgery, lifting
more than 5 kg is not encour-
aged
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Table 5. (Cont.)

Task Goal

Getting
dressed

To instruct the patient about
getting dressed with minimal
loading of the spine

Sitting To inform the patient about the
optimal sitting posture and
duration. If necessary, a sup-
portive pillow is recommended

Driving To instruct a patient on how to
get in and out of a car. The
position of the seat should be
discussed as well as the impor-
tance of short breaks when
driving over a longer period of
time

Taking a
shower or
bath

To evaluate self-care at home

patient’s daily routine. To ensure good compliance and motivation, it is of great
importance that the exercises are simple and of short duration. Finally, the home
exercise program must be customized in conjunction with the surgeon, based on
the surgical procedure, the associated contraindications, and the current func-
tional status of the patient (Tables 6, 7).
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Table 6. Home exercise program after lumbar surgery

Exercise Goal

Activation of
m. transversus
abdominis

To increase the ability of
selective transverse abdo-
minis activation

Coordination of
m. transversus
abdominis while
moving the
lower extremity

To increase independency
between active lumbar
spine stabilization and
movement of the extrem-
ity

Stabilization
of the trunk
muscles and
strengthening
of the lower
extremity
muscles

Exercise with regard to
activities of daily living (sit
to stand) and body aware-
ness

Stretching of the
gluteal muscles

To increase flexibility of
the gluteal muscles and
gentle mobilization of the
lower lumbar spine into
flexion

However, the therapist may provide patients with educational information
regarding back care, basic body mechanics and practical tips for self-care. This
can be in the form of group education, brochures and accurate internet web
sites.

After soft tissue healing,

stretching and

strengthening exercises

can be intensified

Approximately 3 months after surgery, biological healing is complete and
exercises can be progressed as tolerated by the patient and according to the sur-
geon’s protocol. Stretching and strengthening exercises can be intensified and
should be performed two to three times a week [23]. In addition, it has been
shown that an aerobic exercise program can be beneficial for successful rehabili-
tation [3].

Depending on the intervention and pain tolerance, the patient should be as
active and independent as possible, returning to most of their daily activities.

If the postoperative reassessment by the surgeon at 4–6 weeks postoperatively
reveals any difficulties or irregularities, the patient is referred to physical ther-
apy. Depending on the patient’s presentation, the physical therapist will provide
an individual treatment and management plan aiming to restore normal func-
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Table 7. Home exercise program after cervical surgery

Exercise Goal

Activation
of the deep
neck flexors

To increase the abil-
ity of selective deep
neck flexor activation

Stabilization
of the cervical
spine

To facilitate body
awareness and
improve cervical
posture

Stabilization
of the cervical
spine during
movement

To facilitate optimal
cervical posture in
activities of daily
living (sit to stand)

tion, activity and participation. The intervention is planned with regard for the
surgical procedure and is based on:

) loading disorder: symptoms in sustained positions
) movement disorder
) motor control disorder

If the patient’s complaints are of a loading disorder, the treatment of choice would
be mobilization of possible hypomobile segments in order to restore optimal
posture. Moreover, advice on posture, strengthening of impaired muscles and
pain-relieving positions and ergonomics is given to the patient.

In case of a rehabilitation

deficit, individual treatment

and management is

provided after 4 – 6 weeks

Treatment of a movement disorder focuses on improving hypomobile move-
ment segments and restoring optimal muscle extensibility. Stabilizing exercises
with individual focus on the impaired muscle function and postural advice are
the main management strategies for a motor control disorder.

Postoperative Rehabilitation Chapter 22 613



Aftercare/Prevention

The aim of aftercare is to

maximize the individual’s

resumption of all ADL

The aftercare period starts at around 3 months after surgery, when biological
healing is complete and exercises can be progressed as tolerated by the patient
and depending on the intervention. The aim of aftercare is to maximize the indi-
vidual’s resumption of all functional activities of daily living including personal,
social, and occupational domains. The rehabilitation program should follow the
current guidelines of back and neck pain management in which physical, thera-
peutic, and recreational exercises are recommended [1]. The continuation of a
back- or neck-related home exercise program should be encouraged, with an
emphasis on neck and trunk flexibility and strength. Aerobic conditioning
should also be encouraged as the benefits to the entire body are evident [1].
Extensive evidence exists legitimizing the need for activity as compared to rest,
although to date it remains unclear whether any specific type of exercise is more
effective than any other [31].

Physical Rehabilitation Training

If a patient still has deficits in function, activity or participation at 3 months post-
operatively, a physical rehabilitation program can be started. This rehabilitation
program should be performed two to three times a week and continuously inten-
sified [23]. In addition, it has been shown that an aerobic exercise program can
be beneficial for successful rehabilitation [3]. Rehabilitation after spinal surgery
will be based on the PRT system (physical rehabilitation training) [32]. Upon the
first appointment, the patient’s need for their ADL and their loading ability will
be analyzed in order to compose an individual program to eliminate the remain-
ing dysfunctions specifically.

The standard program progresses according to the following stages:

) proprioception
) strength endurance
) acceleration/deceleration training

Physical rehabilitation

consists of coordination,

strength endurance and

acceleration/deceleration

training

Proprioception is trained first in a motor learning approach to improve muscle
coordination. This stage of the training will last 3–6 weeks on average and is
underloaded, which means the patient can perform the training without fatigue
in the target muscles. The strength endurance stage is then reached and the
patient will progress until they can perform 8–14 repetitions under load while
provoking fatigue in the target muscles. Once the patient can perform the exer-
cises with the required weight for two to three consecutive trainings, the program
is progressed to the next stage. Acceleration and deceleration training, which
differ from strength endurance training in the rhythm of the performance, is the
next stage of the training. The same exercises are implemented at an increased
speed than before. This promotes further adaptation and remodeling of the con-
nective tissues.

Return to Work

The return to work is not closely correlated with the extent of the intervention.
On the contrary, confounding factors seem to play an even more important role
[9, 26]. The rate of resumption of heavy work is difficult to determine and will be

Return to work is key in

postoperative rehabilitation

dictated by the surgeon with consideration of the operative procedure and the
degree of postoperative soft tissue and bony alterations. This decision will often
be anecdotal and will vary from surgeon to surgeon. We recommend that the
patient resumes work as soon as possible.
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Table 8. Home exercise program after lumbar surgery

Exercise Goal

Dead lift To stabilize the trunk
during bending activi-
ties

Progression: dead lift in
extension

Front press To stabilize the trunk
during upper extremity
movements

Bent over
barbell row

To stabilize the trunk in
an inclined position
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Table 8. (Cont.)

Exercise Goal

Bent over
barbell row

Progression: bent over
dumbbell rotation

Barbell
rotation

To stabilize the trunk
during rotational activi-
ties

Recreational Activities

Activity resumption should

be as soon as possible

Most studies investigating return to sports and recreational activities were per-
formed on athletes [7, 36, 40]. It has been found that different factors may influ-
ence the time to return to recreational activities. Among them are the patient’s
preoperative health condition, age, and quality of surgery. It is suggested that
patient motivation influences recovery from spinal surgery and return to recrea-
tional activities [36]. Limited data assist with decision-making for return to sport
after (thoraco-) lumbar fusion [40]. Some of the criteria used to determine return
to play included a solid fusion based on clinical assessment and imaging studies
and full recovery as determined by near normal range of motion and normal
muscular strength. Return to sport decisions must be made on an individual
basis, and various factors, such as the number of levels fused, must be taken into
account.

Obstacles for Rehabilitation

Morphological Obstacles and General Medical Obstacles

Care must be taken to distinguish between procedure-specific morphological
obstacles and general medical obstacles. Morphological obstacles for rehabilita-
tion can occur immediately postoperatively or after a latency of a few days. It is
important to emphasize the difference between persistent and new symptoms.
Possible immediate postoperative complications include:

) neural injury (de novo)
) neural compression (persistent or de novo, e.g., epidural bleeding)
) early infection
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Late postoperative morphological obstacles for rehabilitation include:

) non-union
) late infection
) persistent neurological dysfunction
) instability (de novo or persistent)
) medical complications (e.g., myocardial infarction, stroke, pulmonary

embolus)
) other comorbidities

Comorbidities are frequent

obstacles for recovery

During the physical assessment a patient’s medical history is critical in order to
identify comorbidities such as hypertension, diabetes mellitus, and pulmonary
and cardiovascular diseases. These comorbidities have been linked to the need
for postoperative critical care and increased hospitalization [15].

Psychosocial Obstacles

Psychosocial obstacles for rehabilitation include:

) psychosocial factors (psychological, behavioral, social factors) [35] (see
Chapter 11 )
) fear-avoidance behavior [34]
) kinesiophobia [18]

A clinical assessment of risk factors for delayed recovery is required and must
include attention to psychosocial factors (Chapter 21 ). The fear avoidance
model describes how patients avoid normal activities if they believe these activi-
ties will provoke pain. Fear of movement or (re)injury, also called kinesiophobia,
is associated with avoidance behaviors that increase functional disability in
chronic low back pain. Kinesiophobia is an excessive, irrational and debilitating
fear of physical movement and activity resulting from a feeling of vulnerability to
painful injury or reinjury [33]. Treatment to reduce this fear must include cogni-
tive behavioral techniques that address the perceived threat of movement or
pain, in conjunction with progressive exercise and function.

Work-Related Obstacles

As outlined in Chapter 21 , job satisfaction has been associated with low back
pain disability. Similarly, psychological aspects of work such as:

) occupational mental stress
) general job satisfaction
) job related resignation

were shown to be related to postoperative relief of disability [26].

Recapitulation

Epidemiology. The literature is sparse on postoper-
ative rehabilitation after spinal surgery. This lack of
evidence includes not only the epidemiology but
also the efficacy of postoperative rehabilitation af-
ter spinal surgery.

Conceptional background. Ideally, the rehabilita-
tion process is initiated prior to surgery through a

precise and thorough preoperative assessment.
Initially an accurate diagnosis is imperative so that
the physician can identify an optimal surgical inter-
vention. A thorough physical examination and
medical history is useful for identifying comorbidi-

ties, since these have the potential to impede the
rate of postoperative rehabilitation. The patient’s
functional status must also be carefully scrutinized.
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An international classification system, ICF, has been
established for determining the impact of a condi-
tion or illness with regard to human functioning
and its restrictions. This system takes into account
function and disability (impairment) with consider-
ation of contextual factors (participation in the
activities of daily living, and work and leisure pur-
suits). Based on the physical and functional assess-
ments, postoperative rehabilitation plans are initi-
ated. The physician and patient must have an
unambiguous understanding of the other’s expec-
tations and the role of each of them in the postop-
erative recovery. After surgery, an ongoing reas-
sessment of the patient’s status is indicated and the
rehabilitation plans are modified accordingly.

Principles of postoperative rehabilitation. The
postoperative period can be divided into three
phases: Immediate aftercare, rehabilitation and
aftercare. Immediate aftercare begins with an evalu-
ation by the therapist to determine the individual’s
current physical capacity and to anticipate special
needs. Pain management must be carefully ad-
dressed as preoperative pain is often the driving fac-
tor leading to surgery and can impede the patient’s

performance due to the physical and psychological
implications. Treatment will include transfer and gait
training, exercise instruction and education on basic
back care. This will continue throughout the inpa-
tient period or until independence is achieved.
The rehabilitation phase continues until 6 months
postoperatively. During this phase patients gradu-
ally increase their activities of daily living, the home
exercise program continues and all progresses
under the guidance of the treating physician. Any
inconsistencies between function and physical sta-
tus must be addressed. During the aftercare phase,
patients are expected to progress further in their
functional level both personally and within the occu-
pational and social spheres. Continued exercise is
encouraged, both low back stretching and strength-
ening as well as general aerobic conditioning.
To date the existing scientific literature supports
exercise after spinal surgery, although no particular
form of exercise has been proven optimal. Little
exists in the literature describing the ideal postop-
erative rehabilitation protocol, and common clini-
cal practice is the point of reference. All involved in
spinal surgery rehabilitation must strive to fill these
voids.

Key Articles

WHO (2001) International Classification of Functioning, Disability and Health. ICF,
Geneva
The International Classification of Functioning, Disability and Health was published by
the World Health Organization. It describes situations with regard to human functioning
and its restrictions from a biological, individual and social perspective.

Ostelo RW, de Vet HC, Waddell G, Kerckhoffs MR, Leffers P, van Tulder M (2003) Rehabil-
itation following first-time lumbar disc surgery: a systematic review within the frame-
work of the Cochrane collaboration. Spine 28:209–218
Systematic review of randomized controlled trials about rehabilitation following first-
time lumbar disc surgery. No evidence exists for restriction of activity after lumbar sur-
gery. Strong evidence is found for intensive exercise programs.

Manniche C, Skall HF, Braendholt L, Christensen BH, Christophersen L, Ellegaard B,
Heilbuth A, Ingerslev M, Jorgensen OE, Larsen E (1993) Clinical trial of postoperative
dynamic back exercises after first lumbar discectomy. Spine 18:92–97
Randomized controlled trial investigating a high intensity compared to a mild physical
rehabilitation program after discectomy. An intensive exercise program appears to
increase patient behavioural support and results in work capacity improvements and
patient self-rated disability levels.

Kjellby-Wendt G, Styf J (1998) Early active training after lumbar discectomy. A prospec-
tive, randomized, and controlled study. Acta Orthop Scand Suppl 23:2345–2351
A randomized controlled trial demonstrating the advantages of an early active treatment
program beginning immediately after lumbar discectomy compared to a less active pro-
gram.
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Idiopathic Scoliosis

Mathias Haefeli, Kan Min

Core Messages

✔ Idiopathic scoliosis is the most common struc-
tural spinal deformity in children and adoles-
cents and affects about 2 – 3 % of the adoles-
cent population

✔ An asymmetrical vertebral growth of the
anterior column with tethering of the posterior
structures may be the cause of the deformity,
but the exact underlying etiology is unknown

✔ Scoliosis is defined as a lateral curvature of the
spine of at least 10° with vertebral rotation

✔ The most common adolescent idiopathic scoli-
osis is a thoracic curve to the right side

✔ Idiopathic scoliosis is usually accidentally
detected as a trunk asymmetry and a rib hump

✔ Initial assessment of scoliosis patients includes
a physical examination including a thorough
neurological examination and anteroposterior/
lateral radiographs of the whole spine

✔ Neurological abnormalities should prompt fur-
ther investigations (MRI, neurophysiology)

✔ Risk factors for curve progression are young
age, pre-menarchal, and large curve size at first
presentation

✔ During growth, curves up to 25° usually do not
require specific therapy except observation.

✔ Curves between 25° and 40° are usually treated
with bracing whereas larger curves often are
addressed surgically

✔ When not treated surgically thoracic curves
between 50° and 70° are most likely to progress
in adult life

✔ Long-term health related quality of life is compa-
rable with non-affected controls but restrictive
pulmonary disease may become a serious health
problem in thoracic curves larger than 70°

✔ The goal of surgery is to prevent curve progres-
sion and correct the spinal deformity

✔ Surgery usually consists of curve correction and
spinal fusion

✔ When spinal instrumentation and fusion is indi-
cated, surgical procedures which spare motion
segments are favorable

✔ The lower lumbar motion segments should be
left unfused if possible

✔ The reconstruction or preservation of spinal
balance is more important than the extent of
the curve correction

Epidemiology

Scoliosis is defined as a

coronal curve of at least 10°

with vertebral rotation

Idiopathic scoliosis is the most common structural spinal deformity in children
and adolescents. Scoliosis is defined as a coronal spinal curvature of at least 10°
[37] with rotation of the vertebral bodies of unknown origin [36].

Idiopathic scoliosis affects

about 2 – 3 % of the

adolescent population

About 80–90% of all idiopathic scoliosis cases develop during adolescence
whereas about 10–20% develop between the age of 3 and 10 years and only about
1% affect younger patients [179, 184]. The overall prevalence of adolescent idio-
pathic scoliosis accounts for about 2–3% in the general population of this age
group [97, 204]. The prevalence decreases to about 0.1–0.3% for curves larger
than 30° [97, 228]. Large screening studies of adolescent idiopathic scoliosis
revealed incidences of 1.2–13.6% depending on the criteria defining true scolio-
sis [6, 22, 23, 124, 162, 188].
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Case Introduction

A 13-year-old girl was re-
ferred to her family practi-
tioner for an asymmetry of
her back which her mother
realized was present. The
patient was referred to an
orthopedic surgeon, who di-
agnosed a thoracolumbar
curve of 30 degrees with a
minor thoracic curve. Due to
the young age of the pa-
tient, a brace treatment was
started. However, the curve
rapidly progressed despite
the fact that the girl had
regularly worn her brace. At

the time of referral, the girl was fully active but had some occasional backpain during intensive sports activities. The pa-
tient had only recently had her menarche and had been growing rapidly for the last couple of months. Standard radio-
graphs (a) revealed a major thoracolumbar curve of 58 degrees with a minor thoracic curve of 42 degrees in a skeletally
immature patient (Risser IV). The lateral view revealed a flattening of the sagittal profile with a decrease of thoracic kypho-
sis and lumbar lordosis (b). Surgery was indicated because of a rapidly progressing curve in a patient with a persistent po-
tential for growth. Supine bending films demonstrated a correction of the thoracolumbar curve to 15 degrees (c) and of
the thoracic curve to 20 degrees (d). We opted for a short selective anterior fusion by a thoracoabdominal approach be-
cause of the still flexible thoracic curve. Six years after surgery, the patient presented with a balanced spine and was symp-
tom free (e). The radiographs demonstrate an excellent curve correction with fusion of only two intervertebral discs (f, g).
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In patients with small curves, males and females are about equally affected, but
with increasing curve magnitude the female-to-male ratio changes to the disad-
vantage of female adolescents [6, 22, 23, 97]. The infantile form (0–3 years) is
more frequent in males (3:2), and may be associated with pathologic findings of
the heart, skull, hip, or mental development. Between 3 and 6 years, the female-
to-male ratio is 1:1, between 3 and less than 10 years it is 2:1 to 4:1 [95] and at
10 years of age the ratio is about 8:1 [172].

Pathogenesis

Asymmetrical anterior

column growth with

posterior tethering may

lead to scoliosis

Despite intensive research, the etiology remains unknown, i.e., idiopathic [129].
However, some factors that seem to play a role in the etiology and pathogenesis
of this spinal deformity have been detected. There is some evidence that an
asymmetrical vertebral growth of the anterior column with tethering of the pos-
terior structures leads to the deformity. Guo et al. [76] found a disproportional
longitudinal growth by endochondral ossification of the vertebral bodies
assessed by MRI in patients with adolescent idiopathic scoliosis compared with
age-matched controls. On the contrary, the circumferential growth of the verte-
bral bodies and pedicles by membranous ossification was found to be slower
than in controls. The reasons for this imbalance of anterior and posterior growth
are unknown.

Genetic Factors

Several studies have shown that idiopathic scoliosis develops within affected
families with a higher incidence than in the general population [44, 233]. In one
study, 27% of the daughters of women with scoliosis (curves >15°) were found to
have scoliosis as well [84]. Larger population studies in the 1960s and 1970s
found incidences of 11%, 2.4% and 1.4% for first-, second- and third-degree rel-
atives, respectively. Studies with monozygous twins exhibited a concordance of
almost three-quarters for the development of scoliosis whereas the concordance
in heterozygous twins was found to be about one-third, which is still higher than
in first-degree relatives [100].

There is a genetic

predisposition for

idiopathic scoliosis

Beside these observational approaches several attempts were made to statisti-
cally analyze a potential linkage of genes to the disorder. Complex segregation
analyses indicate that there is a major gene controlling scoliosis [8]. However,
such a gene has not been detected yet and the aforementioned studies with
monozygous twins suggest that variable gene expression and environmental fac-
tors also influence the development of scoliosis.

Connective Tissue and Skeletal Muscle Abnormalities

Connective tissue disorders

appear to play a role

in scoliosis

Scoliosis is linked to several connective tissue diseases such as Marfan syn-
drome. Therefore, alterations in the extracellular matrix of connective tissue
were the subject of investigations on the etiology of scoliosis. Some authors
found a different collagen composition of the nucleus in scoliosis patients [171]
while others did not [164, 186]. Differences in the elastic fibers were also found
[58, 78]. Changes in the paraspinal musculature were also discussed as possible
etiologic factors. Several studies found a muscle fiber distribution (slow-twitch
and fast-twitch) between the convex and the concave side of the curve [27, 189,
199, 201, 235]. However, it can only be speculated whether these alterations are
the result or the cause of the disease [129].

Idiopathic Scoliosis Chapter 23 625



Thrombocyte Abnormalities, Calmodulin and Melatonin

The myosin/actin contractile systems of thrombocytes and skeletal muscle are
quite similar. It was therefore suggested that if there is an abnormality in the con-
tractile apparatus of the skeletal muscle leading to scoliosis, abnormalities
should also be apparent in platelets. As thrombocytes are independent of the
axial skeleton, changes must be independent of secondary effects caused by the
deformity itself. Muhlrad et al. [147] detected a decreased activity of the intracel-
lular contractile apparatus of platelets and a decreased platelet aggregation with
adenosine triphosphate and epinephrine in scoliosis patients. Yarom et al. [234]
electron microscopically identified three different types of platelets after metal
impregnation: reticular, metallophilic and pale platelets. Patients with larger idi-
opathic curves exhibited more metallophilic thrombocytes, whereas the reticular
type was mainly found in the controls. This difference was thought to be due to
different membrane permeability indicating a membrane defect.

Progressive scoliosis may be

associated with abnormal

platelets and calmodulin

or melatonin levels

Calmodulin interacts with actin and myosin and regulates the calcium influx
from the sarcoplasmatic reticulum. It therefore regulates the contractile proper-
ties of muscles and platelets and has also been investigated as a potential etio-
logic factor. Elevated calmodulin concentrations in thrombocytes were found to
be associated with progressive adolescent scoliosis while the levels in patients
with non-progressive curves and controls were similar [102]. Melatonin is
decreased in patients with progressive curves whereas it is normal in stable
curves [133]. As melatonin binds to calmodulin and acts as an antagonist to it, it
may also play an important role in the regulation of the aforementioned platelet
changes. In conclusion, these reports suggest a defect in the contractile system of
platelets associated with scoliosis.

Classification

Age-Related Classification

The Scoliosis Research Society (SRS) suggested differentiating [36] idiopathic
scoliosis according to its age of onset as:

) infantile (0–3 years; IIS)
) juvenile (3–10 years; JIS)
) adolescent (10–18 years; AIS)
) adult (>18 years) onset

Idiopathic scoliosis

is classified according

to age of onset

Dickson, however, proposed a division into early onset (0–5 years) and late onset
(after 5 years of age [47]). The rationale behind this classification is that growth
of the spine in the juvenile age (3–10 years) is rather steady [172] and that the
pulmonary maturity reached after 5 years of age exhibits fewer cardiopulmonary
risks [208].

The adult idiopathic scoliosis has to be differentiated from:

) primary degenerative or “de novo” scoliosis (see Chapter 26 )

The adult idiopathic type is an idiopathic scoliosis which already existed at the
end of growth and can exhibit progressive secondary degenerative changes [1].
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Radiological Classification

The King classification

system classifies

thoracic curves

According to the SRS guideline, a curve is thoracic if its apex is at the T2 to T11/12
disc, thoracolumbar if its apex is at T12 or L1 and lumbar if its apex is at the L1/2
to L4 disc [36]. King et al. [103] presented a classification system in 1983 which is
still broadly used. This system is based on the location of the structural and non-
structural (secondary) curves, their relation to the center sacral vertical line
(CSVL) and on their flexibility in side-bending radiographs, leading to five curve
types (Table 1):

Table 1. King classification of thoracic curves [103]

Type Major curve Secondary curve Side-bending

I ) lumbar, crossing midline ) thoracic, crossing midline ) lumbar curve larger or less flexible

II ) thoracic, crossing midline ) lumbar, crossing midline ) thoracic equal to or larger than lumbar
and less flexible

III ) thoracic ) lumbar, not cross midline –

IV ) long thoracic ) L5 centered over the sacrum, L4 tilts
into long thoracic curve

–

V ) double thoracic – –
) T1 tilts into convexity of

upper curve
– –

The Lenke classification

considers all anatomical

curve types and the sagittal

thoracic profile

The lack of a classification system for single thoracolumbar, lumbar or double/
triple major curve types and recent reports of poor to fair validity, reliability and
reproducibility of the King classification [41, 110] have led to the development of
a new and more comprehensive classification system. In 2001, Lenke et al. [113]
introduced a new system which should help to determine the extent of spinal
instrumentation in adolescent idiopathic scoliosis (Fig. 1). The classification is
based on six different curve patterns, three lumbar spine modifiers and a sagit-
tal thoracic modifier. The curves in the scoliotic spine are differentiated into
structural and non-structural curves. The relationship of the CSVL to the apex of
the lumbar curve determines the lumbar spine modifier (A–C). The sagittal tho-
racic modifier (STM) is negative when the thoracic kyphosis (T5–T12) is smaller
than 10°, neutral when it is 10–40°, and positive when more than 40°. This system
allows for a distinction of six principal curve types (MT, DT, DM, TM, TL/L, TL/
L-MT) and therefore for a much differentiated characterization. Two recent stud-
ies have investigated validity and reliability comparing the King and Lenke clas-
sifications [155, 182]. Richards et al. found slightly higher kappa values for the
inter- and intraobserver reliability in the King classification [182]. Niemeyer et
al. [155] found that the reliability of both grading systems is dependent on the
level of experience of the rater.

Clinical Presentation

History

AIS is usually not painful

and is discovered

accidentally

Patients presenting with idiopathic scoliosis before adulthood usually present
without severe clinical signs and symptoms. Frequently, the scoliosis is acciden-
tally discovered by family members, teachers, friends, school nurse or family
physicians because of the back or shoulder asymmetry. Teenagers sometimes
realize the scoliosis is present when they have problems finding perfectly fitting
clothes (waistline asymmetry). To rule out secondary forms of scoliosis and to
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Figure 1. Classification for adolescent idiopathic scoliosis

According to Lenke et al. [113], reprinted with permission from JBJS, Inc.).

assess the risk of progression, specific information should be obtained from the
patient and their parents:

) history related to spinal deformities
) course of pregnancy
) course of delivery
) developmental milestones (onset of walking, speaking, etc.)
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) fine motor skills
) tendency to fall (clumsiness)
) evidence for metabolic or neuromuscular disorders
) back pain/leg pain
) functional disability

Assess risk factors

for curve progression

Information on pre- and perinatal complications or retardation of general
development of the child may raise suspicion about other than idiopathic etiol-
ogies (e.g., mild forms of cerebral palsy, metabolic or neuromuscular disorders
or intraspinal malformations). Severe pain, functional disability and neurolog-
ical deficits are rarely present in adolescent idiopathic scoliosis and should
prompt suspicion about, e.g., intraspinal tumors [34] or syringomyelia [237].
However, mild back pain is not infrequent in AIS due to the curve-related mus-
cle imbalance. Several factors are helpful in assessing the risk of progression
[25, 125]:

) menarchal status
) breaking of the voice
) beard growth
) growth spurt

Investigations have shown that all girls have the menarche before the end of the
growth spurt and that no menstrual bleeding occurs before peak growth velocity.
In boys, it was found that the growth spurt is in its most intensive phase when
voice breaking begins [80].

Adult idiopathic scoliosis usually presents with pain and/or disability due to:

) secondary degenerative changes
) sagittal or coronal imbalance

Adult scoliosis can cause

significant pain

and disability

Progression of adult scoliosis [1] may lead to increasing waistline asymmetry and
hip prominence and cause symptoms. The most common complaint is back pain
due to facet joint arthritis, disc degeneration or imbalance [93, 194]. Secondary
degenerative changes in the adult scoliosis can produce [198, 230]:

) radiculopathy
) claudication symptoms (patients >50 years)

The importance of cosmesis should not be underestimated either in adolescents
or in adults.

Physical Examination

General Assessment

Perform a comprehensive

musculoskeletal exam

Height (sitting and standing) and weight should be noted at every examination to
monitor growth and identify a growth spurt. A full musculoskeletal assessment
is indispensable to identify associated pathology.

Rule out secondary scoliosis

by means of a thorough

history and physical exam

Leg length discrepancies, limb asymmetries, arachnodactyly, foot deformi-
ties, foot size discrepancies (tethered cord) or general laxity of the joints may
indicate secondary scoliosis. The skin must be searched for:

) hairy patches/dimples (spinal dysraphism)
) café-au-lait spots (neurofibromatosis)
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Curve Assessment

Bending forward is the most

reliable scoliosis screening

test

In small curves not much may be seen when inspecting the back in the upright
position. However, asymmetries such as an S-shaped line of the spinal processes,
a slightly more prominent scapula or asymmetric lumbar triangles may indicate
the presence of scoliosis (Fig. 2a). The most reliable and subtle sign is the rib
hump when the patient bends forward (Fig. 2b, c). When the curve is larger, the
deformity is clearly visible in the upright standing position (Fig. 2d). The coronal
balance should be assessed (Fig. 2e). Side bending is important to evaluate the
flexibility of the curves and detect structural curves (Fig. 2f, g).

Assess coronal balance Clinical curve assessment should include:

) curve location (thoracic, thoracolumbar, lumbar)
) convexity (right, left)
) flexibility of the curves
) extent of rib hump/lumbar bulge
) shoulder level
) pelvic obliquity
) sagittal profile
) sagittal balance
) coronal balance

The convexity of adolescent thoracic curves is mostly on the right side. If there is
a left convex thoracic major curve, other causes of scoliosis should be considered
(see below, Fig. 5). Assessing the curve flexibility by passive side bending is indic-
ative of the curve rigidity. The sagittal profile usually presents rather with a
hypo-kyphosis/lordosis than with hyper-kyphosis/lordosis. Spinal balance in
the coronal and sagittal plane as well as pelvic and shoulder obliquity are
assessed allowing for an interpretation of the global spine balance.

Neurological Assessment

A neurological examination (see Chapter 11 ) should include:

) exam of sensory and motor system
) reflex status (abdominal wall reflex, deep tendon reflexes, Babinski test)
) gait (ataxia)

Absent abdominal wall

reflexes may indicate an

intramedullary pathology

Testing the abdominal wall reflexes may give an important hint to an undiscov-
ered intramedullar pathology [237].

Assessment of Physical Maturity

Adolescent idiopathic scoliosis most rapidly progresses during the growth
spurt. This rapid growth usually occurs in the age range of 10–13 years in girls
and 12–15 years in boys. This period of rapid growth is indicated by aspects
obtained during history taking (i.e., menarchal status, breaking of the voice)
and the progress of genital development. Tanner staged the pubertal develop-
ment according to the development of pubic hair, breast development in girls
and penile and testicular growth in boys [211]. Girls usually reach their time of
most rapid growth between Stages 2 and 3 for pubic hair and breast develop-
ment whereas in boys this occurs between Stages 3 and 5 for penile and testicular
growth [24, 211].
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Figure 2. Clinical assessment

a Minor scoliosis indicated by a prominent right scapula and a waistline asymmetry. b Forward bending test revealing a
rib hump. c Measurement of the rib humb with a scoliometer. d Severe scoliosis with trunk imbalance. e Assessment of
coronal balance and shoulder level. f, g Side bending tests demonstrating a structural right convex curve without correc-
tion when bending to the right (arrows).
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Diagnostic Work-up

Imaging Studies

The imaging modality of choice for the diagnostic evaluation of idiopathic scoli-
osis remains standard radiography. Magnetic resonance imaging (MRI) and
computed tomography (CT) are only necessary in selected cases or perioperative
planning.

Standard Radiographs

Whole spine standing

(anteroposterior, lateral)

radiographs are standard

Standard assessment consists of standing radiographs of the whole spine includ-
ing occiput and pelvis in the anteroposterior and lateral views (Fig. 3). This allows
the assessment of all curves, vertebral rotation, spinal balance, and Risser stage.
These standard radiographs should be taken at the first visit as a baseline docu-
mentation of the deformity. During follow-up examinations, an anteroposterior
view of the spine is sufficient as long as there are no clinical signs of a sagittal
imbalance of the spine.

Radiographic Curve Assessment

Radiological assessment in the anteroposterior view includes the determination
of the following parameters [36]:

) localization (thoracic, thoracolumbar, lumbar)
) magnitude of the deformity (Cobb angle, Fig. 4)
) differentiation of major and minor/compensatory curves
) upper and lower end vertebrae of the curve
) apical vertebra
) coronal spinal balance
) pelvic obliquity
) sacral obliquity
) skeletal maturity
) vertebral rotation
) rib-vertebral angle difference (RVAD) [137]

Angular deformity is

assessed by the Cobb angle

The magnitude of the deformity is measured by the method of Cobb [37]
(Fig. 4a). The Cobb angle is defined by the angle of the two end vertebrae. The
upper and lower end vertebrae are those vertebrae most tilted into the curve and
which do not exhibit a rotation (neutral vertebrae).

The major curve is the one with the largest Cobb angle on the anteroposterior
view. If two curves are of the same size, the most rigid curve is considered major.
If both curves are similarly rigid, they are called double-major curves. According
to the SRS guidelines, a minor curve is any curve that is not a major curve. Minor
curves may be compensatory curves, i.e., a curve above or below a major curve
and it may or may not be structural [36]. Lateral translation is determined in
relation to the central vertical sacral line (CVSL). The apical vertebra is the ver-
tebra that is most laterally deviated from the CVSL. If the most lateral point is a
disc, this is called the apical disc. Coronal balance (Fig. 2e) is assessed as the lat-
eral translation of the radiographic plumbline falling from the center of the C7
vertebral body in relation to the mid-point of the sacrum. Pelvic obliquity is
determined by the connecting line of the iliac spines in relation to a true horizon-
tal line. Sacral obliquity is assessed by the connecting line of the upper border of
the sacrum in relation to a line connecting the femoral heads. Skeletal maturity
is determined by the method of Risser (Figs. 3c, 4b), which is based on the calcifi-
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Figure 3. Standard radiography

a Compensated double major curve. b Decompensated thoracic curve. c Risser sign I–II (arrows). d Sagittal profile with
a flat back. e, f Thoracic and lumbar side bending views. g Silhouette radiograph demonstrating a rib cage deformity.
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Figure 4. Radiographic assessments

a Cobb measurement. b Risser sign. c Vertebral rotation according to Nash/Moe: the more rotated the vertebra, the more
the pedicle at the convexity passes towards and beyond the midline and the pedicle at the concavity disappears. d Verte-
bral rotation according to Perdriolle: the radiograph of the target vertebra is superimposed by a torsionometer. The
intersection of the pedicle at the convexity with the respective line of the torsionometer determines the rotation.

cation of the apophysis of the iliac crest [185]. This apophysis first appears ante-
rosuperiorly of the iliac crest and progresses towards posterior before it fuses
with the iliac spine. According to Risser, the iliac crest is divided into four quar-
ters in the anteroposterior radiograph. If none of the quarters is calcified, Risser
stage is 0; if one quarter is calcified Risser stage is 1 and so on. If the complete
apophysis is fused with the iliac crest, Risser stage is 5.
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Two methods are commonly used to assess vertebral rotation on standard ante-
roposterior radiographs:

) Nash/Moe method
) Perdriolle method

The technique by Nash and Moe determines vertebral rotation according to the
pedicles into five grades [150] (Fig. 4c). In grade 0 (neutral) both pedicles show a
symmetric distance from the lateral borders of the vertebral bodies. In grade I
and II the pedicle on the convex side translates towards the middle line of the ver-
tebral body whereas the one on the concave side begins to disappear. In grade III
the pedicle of the convex side lies in the midline of the vertebral body and in
grade IV and V it passes the midline towards the concave half of the vertebral
body. In these two grades the pedicle of the concave side is no longer visible.

Vertebral rotation

is measured by the method

of Nash and Moe

or Perdriolle

The method of Perdriolle (Fig. 4d) allows the angle of rotation to be estimated
by using a specific transparent torsionometer which is laid on the radiograph
[175, 176]. The angle of rotation can then be read off the torsionometer according
to the projection of the pedicle on the convex side.

The rib-vertebral angle (RVA) is construed by a midvertebral vertical line and
a line centered through the rib head. Progression or resolution of infantile idio-
pathic scoliosis may be predicted by the RVA difference. Mehta described this
method which combines the difference of the rib-vertebra angles of the convex
and the concave curve side as the so-called “phase of the rib head” [137]. Two
phases may be distinguished. In Phase 1 the rib head of the convex rib of the api-
cal vertebra shows no overlap with the apical vertebra. In Phase 2 there is an over-
lap to be found.

Radiographic curve assessments in the lateral view (Fig. 3d) include the deter-
mination of the following parameters [36]:

) thoracic and lumbar profile (angle of kyphosis/lordosis)
) sagittal spinal balance
) other abnormalities: spondylolysis/-listhesis

The intraobserver error

in Cobb measurements

ranges between 3° and 10°

For the assessment of the sagittal thoracic profile, the upper endplate of T1 and the
lower endplate of T12 are used to determine the Cobb angle of kyphosis or lordo-
sis, respectively. If T1 is not distinguishable on the radiograph due to overprojec-
tion of the shoulder, the upper endplate of T4 or T5 is usually used. For the assess-
ment of the sagittal lumbar profile, the upper endplates of L1 and S1 are used.

According to inter- and intraobserver reliability studies of the Cobb method in
juvenile and adolescent idiopathic scoliosis, a change of between 5° and 10° [30,
62, 94, 121, 122, 180] between two measurements is considered to be a true change
of curvature. In congenital scoliosis, the variability in measurement of the Cobb
angle is largely due to skeletal immaturity and incomplete ossification. However,
it is important always to compare the actual with the baseline radiographs.

Side bending supine images

are necessary to determine

curve rigidity

When a surgical correction of the deformity is considered, additional antero-
posterior supine side-bending views are necessary (Fig. 3e, f) to assess the rigid-
ity of the curves (i.e., extent of curve correction). The films are taken with the
patient supine on the X-ray table with maximal passive side bending. The rib
hump can be radiologically assessed by a silhouette radiograph taken from pos-
terior with the patient inclined horizontally (Fig. 3g) [94].

Magnetic Resonance Imaging

The purpose of preoperative MRI is to detect intraspinal pathologies. Possible
pathologies include syringomyelia, Arnold-Chiari malformation, tethered spinal
cord (Fig. 5a–c) or intraspinal tumors. Several studies have documented the risk
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Figure 5. Magnetic resonance imaging

a Standard radiograph showing an atypical left thoracic curve. b MRI of this patient reveals an Arnold-Chiari malforma-
tion Type I (arrows) and a syrinx (arrowheads). c MRI of the thoracolumbar spine with a tethered cord demonstrated by
a low conus at the level of L4.

of neurological complications in scoliosis correction surgery with concomitant
syringomyelia [91, 159, 160, 167].

There is a broad consensus on performing preoperative MRI of the complete
spine in patients presenting with atypical idiopathic scoliosis, i.e.:

) infantile and juvenile onset [61, 119]
) painful scoliosis [9, 192]
) left convex thoracic curves [9, 231]
) neurological abnormalities (e.g., absent abdominal reflexes) [192, 237]

Preoperative MRI

is mandatory in atypical

scoliosis

There is an ongoing controversy in the literature whether to routinely perform pre-
operative MRI in adolescent idiopathic scoliosis [49, 68, 86, 163]. Some authors only
recommend performing MRI in the aforementioned cases [49, 92, 195, 231]. We pre-
fer routine MRI in all patients scheduled for operative scoliosis treatment [68, 86].

Computed Tomography

For severe curves,

CT may be helpful

for surgical planning

Computed tomography is not routinely used in the preoperative assessment of
idiopathic scoliosis. In selected cases, however, preoperative CT scans may be of
value to precisely assess vertebral deformation and rotation. CT may be used to
assess pedicle size and shape before using spinal instrumentation. In juvenile idi-
opathic scoliosis, it may be necessary to assess pedicle size before performing
surgery because the pedicle diameter may be too small for a pedicle screw inser-
tion affording alternative instrumentation methods [71].
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Injection Studies

In adult idiopathic scoliosis, injection studies are helpful in identifying the
source of the pain (see Chapter 10 ). Provocative discography may be used to
identify symptomatic disc degeneration. This test is only helpful if the typical
pain can be provoked at the target level without pain provocation at adjacent MR
normal levels [118, 191]. Selective nerve root blocks or facet joint blocks may be
useful in identifying nerve root compromise and symptomatic facet joint arthri-
tis, respectively [73, 118].

Neurophysiologic Evaluation

Neurophysiologic evaluation

is recommended to detect

a subclinical pathology

A thorough neurophysiologic evaluation is necessary in clinically suspicious
patients. In a study on 100 patients with typical right convex idiopathic adoles-
cent curve and normal neurologically, 56% showed alterations in the neurophys-
iologic evaluation of somatosensory evoked potentials (SSEPs) [86]. Preopera-
tive pathologic differences between left and right were found in 17% of the cases
although no clinical signs could be detected. This indicates that by neurophysio-
logic evaluation subclinical pathologies may be detected and that this method
may be used for preoperative screening. It was also found that in uneventful sco-
liosis surgery pre- and postoperative SSEPs were found to be similar and that the
influence of anesthesia on intraoperative SSEPs becomes quite predictable when
using a standardized anesthesia protocol [205].

Treatment

General Considerations

Idiopathic scoliosis does not usually present with severe symptoms (i.e., no pain
or neurological deficits) before adulthood. In this age group, the general objec-
tives of treatment are (Table 2):

Table 2. General objectives of treatment

) arrest progression ) correct spinal deformity
) maintain or restore sagittal and coronal balance ) maintain or restore sagittal and coronal balance
) preserve function of lower lumbar motion segments ) allow for further growth of the spine (only infantile and

juvenile scoliosis)

When deciding on the most appropriate therapy, the key questions are whether
the individual curve exhibits the potential of progression and with what conse-
quences. The fact that patients with idiopathic scoliosis usually present early in
life and adverse consequences may only occur decades later makes patient selec-
tion a challenge. The knowledge of the natural history is therefore a prerequisite
for a counselling of an appropriate treatment.

Natural History

Infantile Idiopathic Scoliosis

Only few cases of infantile

scoliosis progress rapidly

to severe deformities

Infantile scoliosis was found to usually develop in the first months of life affecting
more males than females (ratio 3:2) [95, 96, 120, 193]. The majority of structural
curves in this age group resolved partly or completely and remained stable there-
after. However, a minority of patients exhibited rapid progression and developed
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severe curves when left untreated. Especially girls with right sided curves were
found to be at a high risk of deterioration [215].

A feature that may help to predict progression or resolution of infantile idio-
pathic scoliosis is the RVAD as described by Mehta [137]. In Phase 1, an RVAD
of more than 20° is associated with progression of the curve in 84% whereas
an RVAD of less than 20° is associated with resolving of the curve in 83%. In
Phase 2, all curves progressed independently of the RVAD [137]. These findings

Double major curves

are likely to progress

were supported by Ferreira and James [64]. The appearance of a double curve
was found to be correlated with progression by Ceballos et al. [32]. These curves
must therefore be followed closely.

Juvenile Idiopathic Scoliosis

Spinal growth during the age between 3 and 10 years is rather steady [172].
Regression of the curve may occur [136] but usually curves in this group are char-
acterized by slow to moderate progression [65, 95, 106, 179]. Early onset curves
are at higher risk for severe progression. The reported necessity for surgery
varies between 30% [136, 216] and 56% [65]. Right thoracic and double major
curves are the predominant curve patterns. In approximately 20% of patients in
this age group, scoliosis is associated with an intraspinal abnormality and it is
strongly recommended that curves larger than 20° should be evaluated by MRI
[77, 119].

Adolescent Idiopathic Scoliosis

Several studies postulated that less than 10% of individuals exhibiting curves
larger than 10° require treatment [23, 125, 188, 228]. Several studies have
explored the natural history of progression in idiopathic scoliosis during adoles-
cence. Risk factors for curve progression are:

) young age at onset [187]
) premenarchal status [25, 125]
) physical immaturity (Risser sign, Tanner stages) [185, 211]
) larger curves [25, 125, 220]
) female gender [25]

Thoracic curves (> 50°)

tend to progress even

after skeletal maturity

Progression is influenced by the curve type with double major curves being at
highest progression risk [25, 125]. Larger curves generally have a higher progres-
sion risk than smaller ones [25, 125, 220] and progression is more frequent in
female patients [5, 25, 56, 221, 222]. Curve progression has also been found to
occur after skeletal maturity, especially in thoracic curves larger than 50° [5, 179,
222]. Curves that were smaller than 30° at skeletal maturity did not tend to pro-
gress during adulthood.

Health related quality

of life in patients with AIS

is comparable to healthy

controls

Early studies on the natural history of scoliosis included mixed types of scolio-
sis and reported higher mortality rates, more back pain and psychosocial adverse
effects such as a lower rate in married women or a reduced ability to work [148,
156]. More recent selective studies on adolescent idiopathic scoliosis did not
show such unsatisfactory outcomes. Collis and Ponsetti [39] found that most of
their 215 investigated patients with non-operated AIS led normal and active lives,
were productive, worked, married and showed similar activities compared to the
normal population. They did not find a higher mortality rate in scoliosis patients.
However, they found back pain to occur more frequently than in the normal pop-
ulation. Similar findings were reported by Weinstein et al. [222]. Danielsson et al.
[43] found that health-related quality of life in patients with adolescent idio-
pathic scoliosis was about the same as in the general population after more than
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20 years of follow-up. However, the scoliosis patients exhibited slightly reduced
physical function (SF-36) and more disability (Oswestry Score) compared to
healthy controls.

The prevalence of back pain

and physical disability

seems higher in scoliosis

patients than in healthy

controls

Similar findings were found by Haefeli et al. [79] in a 10- to 60-year follow-up
of conservatively treated patients who exhibited a similar quality of life com-
pared to healthy controls according to the WHOQOL-Bref. assessment. Whereas
Danielsson et al. [43] and Weinstein et al. [220] found no correlation between
Cobb angle and disability or pain, Haefeli et al. [79] detected slightly but signifi-
cantly higher pain levels in patients with curves of more than 45°.

In contrast to the earlier studies mentioned above, Danielsson et al. [42] and
Weinstein [220] did not find differences regarding rates of marriages, childbear-
ing and sexual function in women 22–50 years of age regardless of treatment.

Respiratory and cardiac

failure may occur in large

(> 70°) thoracic curves

This data suggests adolescent idiopathic scoliosis to be a rather benign spinal
disorder especially in cases of small to moderate curve sizes. On the other hand,
it has been shown that thoracic curves bigger than 70° exhibit an increased risk
of chronic respiratory or cardiac failure [11].

Non-operative Options

Considering the relatively benign natural history of idiopathic scoliosis, surgical
treatment is reserved for progressive large curves. The vast majority of remain-
ing cases can be treated non-operatively. Conservative measures consist of:

) physiotherapy
) bracing
) electrotherapy

So far, there is no evidence for the efficacy of electrotherapy [117].

Physiotherapy

Physiotherapy does not

arrest curve progression

Non-operative treatment generally consists of observation and physiotherapy in
curves smaller than 25° [123]. A recent review of the effectiveness of physiother-
apy in the treatment of scoliosis has identified 11 studies [151]. The methodolog-
ical quality of the retrieved studies was found to be very poor. Therefore, the lit-
erature fails to provide solid evidence that physical exercises influence the natu-
ral history. Nevertheless, physiotherapy is a helpful adjunct to reduce symptoms
related to muscle imbalance and to improve or preserve back function [224, 225].
The limitations of physiotherapy with regard to curve progression have to be
clearly communicated to the patient and their parents prior to treatment.
Patients having physiotherapy remain under surveillance with regard to curve
progression.

Casts and Bracing

Infantile and Juvenile Idiopathic Scoliosis

Progression risk is high

in early onset scoliosis

In early onset (<6 years), scoliosis therapy is dominated by the progression risk.
Curves that are expected to resolve may be simply observed every 4–6 months.
Active treatment should be initiated at a progression of 10°. Patients whose
curves resolve should be followed until maturity to rule out any progression dur-
ing the growth spurt [2]. In resolving curves plaster-bed treatment showed no
advantage over physiotherapy with regard to the time of resolution or functional
outcome after 25 years [48]. When progression is documented treatment should
be started. Initial therapy consists of serial molded body casts that have to be
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changed every 6–12 weeks until maximum correction is achieved. Then, full-
time bracing is started for at least 2 years and until there is no further progression
to be observed [2]. Prognosis is good if total correction is achieved before the
prepubertal growth spurt [138]. If no full correction may be achieved, progres-
sion may occur, possibly necessitating surgery.

Adolescent Idiopathic Scoliosis

The choice of therapy

depends on the severity of

the curve and the potential

for progression

In adolescent idiopathic scoliosis with curves between 25° and 40° in a skeletally
immature (<Risser 3) patient, bracing is indicated [123]. However, it must be
borne in mind that the primary goal is to prevent curve progression through
bracing (Fig. 6). The treatment is considered successful if the initial curve size at
treatment entry can be preserved at the end of bracing. Often an improvement
occurs during therapy but is lost after brace cessation [31, 139, 227]. In the pres-
ence of a true thoracic lordosis (>5° to 10°), bracing may be impossible as any
positioning of the thoracic pad will increase thoracic lordosis and thus make cor-
rection impossible. The possible psychological distress of a long-term therapy
such as bracing and the efficacy of the treatment must carefully be considered
[63, 135, 157, 165, 219].

There is limited evidence for

the effectiveness of bracing

The effectiveness of conservative treatment modalities has been the subject of
several studies [117]. The only study that found a significant difference in favor
of bracing compared to observation and overnight electrical stimulation was
presented by Nachemson and Peterson for curves ranging from 25° to 35° in
female patients [149]. In the same study, no difference was found between brac-
ing and physiotherapy. Other studies found no significant differences for bracing
versus natural history [158]. A recent survey among members of the Scoliosis
Research Society and of the Pediatric Orthopaedic Society of North America
revealed a high degree of variability with regard to the opinion of the effective-
ness of brace treatment [52]. Based on the current literature, there seems to exist
only limited evidence for the effectiveness of bracing.

a b

c d

Figure 6. Thoracolumbar brace

a, b Thoracolumbar brace. c, d Patients should wear the
brace for a minimum of 23 h daily to achieve a treatment
effect.
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Operative Treatment

The risks and benefits of surgery must be carefully weighed against the natural
history when the scoliosis is left untreated. Intensive counselling of the patients
and their parents is necessary to explain the pros and cons of the intervention,
risks and potential outcome. The indications for surgery for idiopathic scoliosis
depend on:

) risk for progression
) skeletal maturity
) curve type
) curve magnitude
) cosmetic appearance
) failure of conservative treatment

Intraoperative neuromonito-

ring is the standard of care

Surgery has to be well planned in advance and requires a dedicated team taking
care of children and adolescents. Intraoperative neuromonitoring has become
the standard of care to control spinal cord function during correcting surgery
[67, 131, 168, 173] (see Chapters 12 , 15 ). The use of intraoperative somatosen-
sory evoked potential (SSEP) recording has been found to reduce the incidence of
postoperative neurological deficits [161, 166]. Combined monitoring of motor
and somatosensory potentials has even been found to be superior compared to
single mode monitoring by increased sensitivity [174].

Indications for Surgery

Indications for surgery are somewhat different for the specific age group and are
discussed under each type of scoliosis accordingly.

Infantile and Juvenile Idiopathic Scoliosis

In these young patients, surgery is preserved for those curves that are severe and
progressing despite conservative treatment. Lungs, thorax and spine are still
incompletely developed and usually prohibit multisegmental spinal fusion in

Spinal instrumentation

without fusion is the surgi-

cal treatment of choice for

infantile and juvenile curves

patients younger than 5–6 years. Spinal instrumentation without fusion may be
indicated in large progressive curves allowing the spine still to grow. Different
systems are in use but all have a high risk of complications that may necessitate
several revision operations [66, 105, 183]. If the curve deteriorates despite instru-
mentation, definitive fusion of the spine should be considered. In this age group,
the surgical treatment of scoliosis is usually difficult, prone to complications and
requires multiple surgeries.

Adolescent Idiopathic Scoliosis

Progressive adolescent

curves (> 40 – 50°) are con-

sidered surgical candidates

Progressive curves (>40–50°) in skeletally immature patients (Risser Grade 3 or
less) are usually considered candidates for surgery. It should be taken into
account that large curves may progress even after skeletal maturity [5, 179, 222].
Cosmetic aspects may also play a role in the indication of surgery, especially in
the presence of a substantial rib hump or shoulder asymmetry [81].

Adult Idiopathic Scoliosis

Indications for surgery in adult idiopathic scoliosis depend on the predominant
problem [1, 15], i.e.
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) back and/or leg pain
) radiculopathy
) claudication symptoms
) curve progression
) spinal imbalance

The surgical indication in

adult curves is determined

by the secondary

degeneration

A thorough diagnostic work-up must be done to reveal the specific problem and
potential pain sources. In cases of adult scoliosis with predominant degenerative
alterations, similar principles apply as for de novo scoliosis (see Chapter 26 ).
Accordingly, selective decompression of neural structures and/or spinal fusion
with or without deformity correction is indicated [16].

General Principles

Approach

The choice of the surgical approach, i.e., posterior, anterior or combined anterior
and posterior, depends on:

) curve type and size
) curve rigidity
) skeletal maturity
) spinal instrumentation
) surgical skills

Posterior Approach

The posterior approach addresses the deformity by fixing rods to the posterior
structures of the spine, i.e., the pedicles, the transverse processes, or the laminae
(Fig. 7). This approach necessitates detachment of the posterior paraspinal mus-
cles. Only little is known about the extent of muscle detachment in scoliosis sur-
gery but it does not seem to interfere significantly with the spinal muscle func-
tion after 3–6 months [53]. Harrington introduced the first instrumentation for
posterior scoliosis correction in the 1960s [85]. In general, long term outcome in
terms of quality of life, disability and patient satisfaction were found to be quite
satisfactory after the Harrington operation [38, 74, 154, 169, 170].

In the 1970s, Luque introduced segmental spinal fixation using sublaminar
wires [132].

The so-called third generation instrumentations were introduced in the
1980s. These modern implant systems allowed for a segmental instrumentation
by the use of contourable rods that are fixed to the spine by lamina hooks, pedicle
hooks, transverse process hooks, and pedicle screws. The instrumentation sys-
tems of Cotrel Dubousset [40], the Texas Scottish Rite Hospital (TSRH) and the
ISOLA were the most frequently used implants at that time which allowed for
more correction and preservation of lower lumbar motion segments compared
to the Harrington system [114]. Despite the advances of the third generation

Correction of vertebral

rotation remains a challenge

instrumentations, correction of vertebral rotation is limited even with the use of
pedicle screws. In young patients with a large growth potential there is a risk of
continuing anterior growth of the spine despite a solid posterior fusion, which
leads to the so-called crankshaft phenomenon (see below).

Anterior Approach

Anterior scoliosis correction

allows for a better derota-

tion and shorter fusion

Dwyer introduced the anterior approach for scoliosis correction in 1969 [57].
Ten years later, Zielke first introduced the concept of anterior derotation spon-
dylodesis using vertebral body screws connected by a rod [238]. He reported on
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Figure 7. Technique of posterior scoliosis correction

The technique of posterior scoliosis correction is exemplified using the Universal Spine System. a, b Pedicle screws are
inserted in the target vertebra and a rod is first inserted on the concave side of the curve and connected to the screws,
c, d Insertion of the convex rod and levering it to the lower screws allows the concave apex screw to be narrowed to the
rod achieving a good correction. A posterior fusion is added.

shorter fusion lengths and better vertebral derotation compared to posterior
procedures.

The fusion usually incorporates all segments between upper and lower end
vertebrae [10, 112, 128, 209, 218]. The spine is exposed by a thoracotomy, lumbo-
tomy or a thoraco-lumbotomy depending on the anatomical location of the
curve. The intervertebral discs are completely removed at the levels selected for
fusion. Correction in the coronal, sagittal and axial planes is achieved by proper
placement of the screws into the vertebral bodies and connection to a pre-bent

The rod needs to be

pre-bent, creating a lordosis

single or double rod (Fig. 8, Case Introduction). The disc space can be filled with
bone (e.g., resected rib) to enhance interbody fusion. These approaches are obvi-
ously technically more demanding than a posterior approach and are restricted
to the mid thoracic to upper lumbar levels. The morbidity caused by a thoracot-
omy is not negligible but can be kept very low in experienced hands. Recently,
thoracoscopic procedures have been introduced which are even more demand-
ing [134, 152, 177, 178, 181, 206, 232]. Newton et al. [152, 153] reported on compa-
rable results after thoracoscopic correction of thoracic curves compared with
open techniques. Similar findings were reported by Grewal et al. [75] even
though they reported a higher intraoperative blood loss in the thoracoscopic
group. During the first year, the thoracoscopic approach was found to cause
fewer declines in the vital capacity compared to the open anterior approach.
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Figure 8. Technique of anterior scoliosis correction

The instrumentation is exemplified using the Universal Spine System. Prior to instrumentation the intervertebral discs
are completely excised. a The insertion of the vertebral screws is anterior to the base of the pedicles. b, c Pedicle screws
are inserted in the vertebral body and a pre-bent rod is connected to the screws in the upper and lower vertebrae. d A
complex reduction forceps is used to narrow the remaining screws to the rod derotating the spine. e, f Disc spaces are
compressed on the convex side after filling the disc spaces with bone. Full correction of the deformity is achieved.

Combined Anterior and Posterior Approach

Anterior fusion avoids

the crankshaft phenomenon

in immature patients

Further growth of the anterior spinal column after posterior fusion before the
pubertal growth spurt may lead to a loss of correction. The so-called crankshaft
phenomenon leads to an increasing angulation and rotation of the spine [55], i.e.,
the spine is crankshafting around the posterior fusion mass. Dubousset, who
first described this phenomenon, concluded that young patients with a high
remaining growth potential should be fused anteriorly and posteriorly to prevent
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crankshafting. Shufflebarger et al. [196] and Dohin et al. [51] provided evidence
that this procedure was successful. Open tri-radiate cartilage and surgery before
or during the peak growth velocity are strong positive predictors for the crank-
shaft phenomenon whereas later surgery is a strong negative predictor [190].

Curve rigidity may require

a combined surgery

Another indication for using a combined anterior and posterior approach may
be given by the rigidity of a curve. If the deformity is too rigid to prevent a satis-
factory correction, an anterior release can be done prior to posterior fusion (Case

Study 1). By performing a thoracotomy or thoracoscopy, the intervertebral discs
in the apex region are removed. In a second step the correction and fusion of the
spine is done from posteriorly. While a few studies doubt the need for anterior
release even in severe adolescent idiopathic scoliosis [4, 26, 88, 130, 207], Cheung
et al. found it to effectively improve spinal flexibility [33]. Severe deformities of
adult idiopathic scoliosis may also require anterior release and posterior fusion
[1].

Fusion Levels

Pedicle screw fixation allows

for better curve correction

and shorter fusion

One of the most challenging issues in scoliosis surgery is to define the correct
fusion levels. First, all structural curves must be determined [103, 113]. In a sec-
ond step, the neutral (no rotation) vertebrae at the upper and lower end of the
curve are determined for each curve. Thirdly, the central sacral vertical line is
drawn. The stable lower end vertebra is then defined as the one being closest to
the curve’s lower neutral end-vertebra and most nearly bisected by the central
sacral vertical line. Usually a fusion to the stable end vertebra defined by the cen-
tral sacral vertical line results in a good correction with a balanced spine. How-
ever, the decision whether the fusion may exclude one segment or include one
additional segment is also dependent on the individual curve and the surgeon’s
experience. Bernstein and Hall reported on the selection of fusion levels for ante-
rior fusion of lumbar and thoracolumbar curves [12]. They showed that by

Lumbar levels should

be preserved whenever

possible

including one vertebra above and below the apex vertebra, good results can be
achieved if a slight overcorrection is performed. Only in severe curves (>60°)
and if the apex was an intervertebral disc did they include two vertebrae above
and below. Recently, it has been shown that the posterior segmental instrumenta-
tion with pedicle screws allows for a shorter fusion than with Harrington rods
[114] or hooks alone [101].

Halm et al. [82] showed that anterior instrumentation of lumbar curves allows
one caudad segment to be spared compared to a segmental posterior pedicle
instrumentation. However, Hee et al. [87] found comparable fusion lengths.
Bitan et al. [13] and Min et al. [142] reported shorter fusion lengths by using the
anterior approach compared with a posterior approach.

Spinal Profile and Spinal Balance

A slight hypokyphosis is

common in right thoracic

curves

A thoracic kyphosis of 20°–40° and a lumbar lordosis of 40°–60° can be consid-
ered normal [70, 146, 202]. In AIS a slight thoracic hypokyphosis is common.
However, especially left convex idiopathic curves may be associated with thoracic
hyperkyphosis as well. By using a modern instrumentation system through an
isolated posterior approach, thoracic hypokyphosis can be corrected about 5°–
10° [20]. Even though anterior correction was reported to allow for a better cor-
rection of hypokyphosis [89, 98], severe thoracic hypokyphosis or even thoracic
lordosis may necessitate a combined anterior and posterior approach [18]. In
thoracolumbar and lumbar curves usually a hypolordosis or even a slight kypho-
sis is present in AIS patients. It has been reported that an anterior instrumenta-
tion allows for a good segmental restoration of the lordosis [89, 99]. Despite the
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Case Study 1

A 16-year-old patient presented with a severe thoracic idiopathic scoliosis (a). Although a back asymmetry had been
noted for 2 years, the patient did not consult a physician because she was pain free. At the time of presentation, standard
radiographs (b, c) showed a thoracic curve (T5–T12) of 75 degrees which corrected to 45 degrees on supine bending (d).
Although the anteroposterior radiograph demonstrated Risser Type IV indicating only a minimal remaining growth
potential, surgery was suggested because of the curve magnitude. In a first step, an anterior release was done to allow
for a better curve correction, followed by a posterior instrumentation with pedicle screws and curve correction during
the same intervention. Ten years after the operation, the patient was pain free and working full time as a mechanic (e).
The follow-up radiographs demonstrate a curve correction to 20 degrees and a balanced spine (f, g).
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kyphogenic character of the anterior instrumentation, a good correction can be
achieved even without structural intervertebral support [127]. Severe hypolor-
dosis or kyphosis in middle-aged adults with degenerative changes often
requires combined anterior and posterior surgery and longer fusion length to
restore sagittal profile and spinal balance [1, 18].

A complication of the early scoliosis correction with Harrington distraction
rods was a proneness to result in a so-called iatrogenic flat back syndrome, i.e.,
a loss of the normal sagittal profile (decreased lumbar lordosis and thoracic
kyphosis). In cases in which the whole lumbosacral spine is flattened, patients
have problems standing upright and need to bend their knees to rebalance the
spine because the trunk is inclined anteriorly. This problem is infrequent today
because the modern instrumentation systems also allow sagittal balance and
profile to be addressed [226].

A special issue of concern after scoliosis surgery is the development of iatro-
genic coronal imbalance. This problem occurs when correcting the major curve
beyond the compensatory potential of the minor curves. The rigidity of the
minor curves has to be taken into account prior to fully correcting the major
curve.

Thoracoplasty

The rib hump in thoracic scoliosis results from vertebral rotation and concomi-
tant deformation of the rib cage. Therefore, the rib hump can only partially be
corrected by vertebral derotation. In cases in which this deformity should be
addressed for cosmetic reasons, a thoracoplasty can be done by a removal of
parts of the most prominent ribs [69, 203]. It is generally accepted that thoraco-
plasty in addition to scoliosis correction should be considered when the rib
hump measures more than 15° [143]. Disadvantages to be considered are a possi-
ble temporary decrease of pulmonary function and the potential risk for compli-
cations such as pneumothorax and intercostal pain [115]. Impaired vascular sup-
ply to the spinal cord by coagulation of the segmental vessels can occur when per-
forming an internal (transthoracic) thoracoplasty [197].

Surgical Decision-Making

A detailed description of treatment guidelines and surgical procedures is far
beyond the scope of this chapter. However, we want to provide here a short over-
view of surgical decision-making (Table 3).

Infantile and Juvenile Idiopathic Scoliosis

In cases of severe scoliosis in young children, the application of serial orthotic
casts or braces may not be sufficient to stop curve progression. On the other
hand, fusion in a young child should be avoided to prevent growth arrest or
crankshafting resulting in a short trunk with consecutive disproportionate body
habitus or impaired lung function. Therefore, fusion should be postponed as
long as possible and spinal instrumentation without fusion is performed if con-

Expandable spinal instru-

mentation is indicated

when spinal growth should

be preserved

servative therapy fails to control the curve. The main objective of using expand-
able spinal instrumentation is to stop progression of the curve, maintain spinal
balance and allow spinal growth. Definitive fusion surgery is delayed as long as
possible. In 1984, Moe et al. [145] described a technique using a Harrington dis-
traction rod which was continuously lengthened with growth or, if necessary,
replaced by a longer one. Even though progression may be stopped in most
patients by this procedure, there is the drawback of repeated interventions and
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Table 3. Surgical indications and techniques

Age of onset

Infant (0–2 yrs) Juvenile
(3–9 yrs)

Adolescent (10–17 yrs) Adult (>17 yrs)

General
considerations

) large age span affords variable
indications

) arrest of curve progression, defor-
mity correction and solid spinal
fusion is the main objective

) indication guided by
the predominant
symptoms

) loss of spinal height, chest wall
growth and lung growth in case of
fusion are a major concern

Age ) > 6 yrs if possible (maturation of the
lungs) [208]

) crankshaft phenomenon must
be avoided

) higher risk of surgery
related morbidity
> 40 yrs [17, 46, 210]

Cobb angle ) progressive curves > 45–60° despite
former orthotic treatment [50, 116]

) progressive curves > 40° in skele-
tally immature patients

) progressive and/or
symptomatic curves

) curves > 45–50° even in skeletally
mature patients [5, 179, 222]

Techniques

Growing rod ) young children – –

Anterior and
posterior fusion

) older children (8 – 10 yrs) at risk of
crankshaft phenomenon [51, 190,
196]

) skeletally immature patients at
risk of crankshaft phenomenon
[51, 190, 196]

) severe cases with spi-
nal imbalance or flat
back syndrome [1, 46]

Anterior release
and posterior
fusion

– – ) indicated in patients with severe
rigid deformity [4, 26, 33, 88, 130,
207]

–

Anterior or
posterior fusion

– – ) depending on the curve type ) usually only posterior
or combined fusion

complications such as rod fracture or hook displacement [144]. More recent
methods with single or dual growing rod techniques are used [14, 144]. Dual rods
were reported to be stronger than single rods and provide a better correction and
maintenance of correction as well as fewer complications [3, 214]. Despite the
improvements obtained by these newer methods, complications and reintervent-
ions remain unavoidable.

A special instrumentation system, the so-called vertical expandable pros-
thetic titanium rib (VEPTR), allows for an indirect correction of the scoliosis by
lengthening of the deformed thorax on the concave side of the curve [28, 29]. Pre-
liminary data indicate that this technique is particularly effective in the treat-
ment of congenital scoliosis with rib cage deformities [213]. It remains unclear
whether this technique is also effective for juvenile scoliosis.

Adolescent Idiopathic Scoliosis

The main objectives are

arrest of curve progression

and fusion

The main objective of surgical treatment is correction of the deformity and
maintaining the correction by spinal fusion. When surgically addressing AIS,
one would therefore want to improve the coronal deformity (Cobb angle), try to
reduce the most visible deformity, i.e., rib hump, restore a normal sagittal profile
and achieve or preserve sagittal and coronal spinal balance.

Thoracic Curves

A single thoracic curve may be treated by anterior or posterior fusion, the latter
being the classic approach. The posterior approach usually includes fusion of the
entire curve. Using pedicle screws instead of hooks offers a better curve correc-

648 Section Spinal Deformities and Malformations



a b c d

Figure 9. Anterior thoracic scoliosis correction

a, b Preoperative radiographs showing a decompensated King type III curve (same patient as Fig. 2c). c, d Postoperative
radiographs showing excellent curve correction and restoration of the coronal balance.

Pedicle screws allow for a

better scoliosis correction

tion and enables a slightly shorter fusion length than with the use of hooks [101].
The use of pedicle screws allows for a better rotational and coronal correction
[109]. In the hands of an experienced surgeon, neurological problems were not
found to be higher with the use of pedicle screws [101]. The advantage of an ante-
rior correction is the shorter fusion length and better derotation (Fig. 9). The
anterior approach has a cosmetic advantage if the operation is performed by
means of a mini-thoracotomy or thoracoscopy leaving only small scars.
Although spontaneous lumbar curve correction occurs after both selective pos-
terior and anterior thoracic fusion, the correction was found to be better in the

In double thoracic curves

attention must be paid to

shoulder balance, curve size

and rigidity

latter approach [111]. When planning surgery for double-thoracic curves, preop-
erative shoulder balance (T1-tilt) and size (Cobb angle) and rigidity of the proxi-
mal thoracic curve must be considered to achieve a good outcome [108]. If the
shoulder is elevated on the convex side of the major thoracic curve (i.e., on the
right side) and the proximal thoracic curve corrects to less than 25° in the side
bending view, spontaneous correction of the proximal thoracic curve with level
shoulders can be expected after isolated selective anterior fusion of the major
curve [108]. If both thoracic curves need fusion, the operation must be done
from posteriorly.

Thoracolumbar and Lumbar Curves

Thoracolumbar curves are

best treated from anteriorly

An isolated fusion of these curve types without addressing the thoracic curve (if
present) is possible if the thoracic curve reduces to less than 25° in the bending
radiograph [142]. These curves benefit most from a short anterior scoliosis cor-
rection (Case Introduction), preserving more mobile motion segments com-
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pared to posterior fusion [60, 142]. If the thoracic curve remains larger than 25°
in the bending radiograph, it should probably be addressed surgically in order to
avoid decompensation of spine and shoulder balance.

Double Major Curves

These curve patterns with a thoracic and a thoracolumbar or lumbar structural
curve are usually operated on from posteriorly indicating that a big part of the
spine has to be fused. Attempts to fuse the lumbar curve anteriorly and only the
thoracic curve posteriorly have recently been suggested. It was reported that an
anterior release with instrumented fusion of the lumbar curve was superior to an
anterior release followed by posterior instrumented fusion [236]. Only prelimi-
nary data is available on the short selective anterior fusion of both the thoracic

Motion segment preser-

vation is an important goal

and the lumbar curve with the potential advantage of preserving motion seg-
ments in double major curves [141].

Adult Idiopathic Scoliosis

The general state of health, age and bone quality play important roles in the sur-
gical decision-making. Morbidity for surgery is lower in younger patients
(<40 years) and the chance of a better outcome will also be higher than in older

Surgical treatment

is strongly influenced

by the pain sources

patients (>40 years) [17, 46, 210]. Surgical decision-making in adult idiopathic
scoliosis strongly depends on the underlying causes of pain, which have to be
explored thoroughly. With predominant irradiating pain or claudication without
relevant back pain, selective spinal decompression may be performed as a stand-
alone procedure [1]. In younger patients a partial correction of the deformity
may already lead to a sufficient decompression without a formal decompression
being performed (Case Study 2). If additional segmental instability, extensive
degenerative changes and progressive deformity lead to back pain, posterior
and/or anterior fusion and stabilization with/without decompression and cor-
rection may be required [194]. To achieve a balanced spine and prevent a postop-
erative collapse of the adjacent segment, the fusion usually has to extend beyond
the major curve. Stopping the fusion of a lumbar curve below the thoracolumbar
junction usually bears a high risk of sagittal decompensation of the spine crani-
ally [83]. It is still controversial whether or not the lumbosacral junction should
be included in the fusion [17, 19, 45, 90]. If unfused, the L5/S1 segment has to take
all the movements and loads of the fused lumbar spine [107, 194]. Furthermore,
a fusion to the sacrum leads to higher stress for the sacroiliac and hip joints.

On the other hand, it is difficult to achieve a solid fusion at this level. Non-
union rates of up to 30% are reported if the fusion is not done circumferentially
[19, 59].

The goal is to achieve

a balanced spine without

pain and normal neurology

It has to be borne in mind that the spine may be in a fragile balance before sur-
gery and that a decompression and/or a partial fusion may lead to a deterioration
of this balance leading to progressive deformity and disability. If spinal balance
is preserved, fusion in situ will often be the method of choice as an adjunct to
decompression [1]. If there is a derangement either in the coronal and/or sagittal
plane (e.g., flat back syndrome), additional correction of the deformity is neces-
sary [1]. An imbalanced spine with secondary degenerative changes requires
extensive release of the posterior structures and in some cases multiple spinal
osteotomies (see Chapter 26 ). Frequently, a combined anterior and posterior
approach may be necessary [46].
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Case Study 2

A 25-year-old female with a known but untreated scoliosis
for many years presented because of incapacitating lum-
bar back and leg pain with inability to continue with full
time work. Standard radiographs demonstrated a major
thoracolumbar curve of 56 degrees and a minor thoracic
curve of 42 degrees (a, b). Both curves corrected to
45 degrees on supine bending. Indication for surgery was
prompted by the painful adult scoliosis (c, d). A combined
anterior/posterior approach was done during the same
surgery consisting of an anterior release at T11–L3 and
posterior pedicle screw instrumentation at T4–L4 with
scoliosis correction. At 5 years follow-up the patient was very satisfied with the result. The radiographs revealed a bal-
anced spine with excellent curve correction (e, f ).

Complications

The most deleterious complication of scoliosis surgery is a neurological compro-
mise particularly in AIS (Table 4). Complications of scoliosis surgery are dis-
cussed in more detail in Chapter 39 .

Neurological injury can result from either direct contusion or an ischemic
insult. Generally, resolution of the deficits is more likely to occur after contusion.

In experienced hands,

spinal cord injury is rare
Table 4. Complications in scoliosis surgery

Complication Incidence References

spinal cord injury 0.5 – 3 % [54, 126]
nerve root injury 0.5 % [126]
early wound infection 0.1 – 5 % [72, 140, 212, 217]
delayed wound infection 0.6 – 1.7 % [7, 35, 229]
non-union 0 – 2.2 % [7, 200, 223]
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Ischemia of the spinal cord can result from stretching of the blood vessels feeding
the spinal cord or by prolonged hypotension. Therefore, a reduction of the cor-
rection and restoration of a sufficient perfusion should be achieved if neurologi-
cal injury is noticed intraoperatively. Ligation of anterior segmental arteries has
also been suggested to increase the likelihood of ischemia of the cord [21].

Early wound infections occur within 12 weeks of the initial intervention. Mal-
nourished and immunocompromised patients are at substantially higher risk for
infections [104]. To minimize intraoperative infection, antibiotic prophylaxes are
routinely used. If an early wound infection is diagnosed, wound revision and
antibiotic treatment after isolation of the germ is indicated. The wound is thor-
oughly debrided and loose bone graft is removed. Titanium implants can be left
in place to avoid loss of correction and non-union [212].

Delayed wound infections

are caused by low-virulent

germs

Delayed wound infections occur 20 weeks or longer after the initial interven-
tion. Usually patients become symptomatic only after 2–3 years [35]. If the diag-
nosis is confirmed, surgical intervention is indicated removing all implants. If the
fusion is solid, usually no further measures are necessary besides implant
removal.

Non-union may be associated with hardware loosening, dislodgement or
breakage requiring revision surgery.

Recapitulation

Epidemiology. Idiopathic scoliosis is the most com-
mon structural spinal deformity in the child and ad-
olescent. The overall prevalence of adolescent idio-
pathic scoliosis is about 2 – 3 % in the adolescent
population. The prevalence decreases to about
0.1 – 0.3 % for curves larger than 30°. Adolescent idi-
opathic scoliosis is the most frequent type (80 %).
Only about 1 % of idiopathic scoliosis affects chil-
dren younger than 3 years. Considering AIS requir-
ing therapy, girls are three times more often affect-
ed than boys.

Pathogenesis. There is some evidence that an
asymmetrical vertebral growth of the anterior col-
umn with tethering of the posterior structures
leads to the deformity. Genetic aspects, platelet de-
fects, cell membrane defects, abnormalities of cal-
modulin and melatonin levels have been suspected
to play a role in scoliosis development.

Classification. According to the age of onset, the
disease is divided into infantile (0 – 3 years), juvenile
(3 – 10 years), adolescent (10 – 18 years) and adult
(> 18 years) idiopathic scoliosis. King has proposed
a classification of the thoracic curve into five types.
The Lenke classification includes not only thoracic
but also thoracolumbar and lumbar curve types as
well as the sagittal profile. The curve types are help-
ful when selecting fusion levels.

Clinical presentation. Most often scoliosis is discov-
ered accidentally. Pain or functional disability is rare
in adolescent scoliosis. If present, pain should raise
suspicion about a secondary etiology (i.e., non-idio-
pathic), prompting further diagnostic investigations
into the etiology. Family and developmental medi-

cal history must be assessed with emphasis on
growth spurt and menarche. Small asymmetries
such as an S-shaped line of the spinal processes, a
slightly more prominent scapula or asymmetric
lumbar triangles may indicate the presence of scoli-
osis and the location on physical examination. The
most reliable clinical sign for scoliosis is the pres-
ence of a rib hump on the convex side of the curve
best seen in forward bending. Convexity and flexi-
bility of all curves must be assessed.

Diagnostic work-up. Standard radiography of the
entire spine with the patient in standing position is
still the hallmark of the imaging studies. The radio-
logical assessment considers curve size and location,
spinal balance in the coronal and sagittal plane, pel-
vic and shoulder level, as well as the sagittal profile
(i.e., hypo-/hyper-kyphosis/lordosis). Supine bend-
ing radiographs are necessary to determine curve ri-
gidity and are necessary for surgical planning. Atypi-

cal curve pattern (left thoracic curve) and neurologi-
cal deficits such as absent abdominal wall reflexes
may indicate intramedullary pathologies and re-
quire further investigation with MRI.

652 Section Spinal Deformities and Malformations



Treatment. Treatment of infantile and juvenile sco-

liosis remains a therapeutic challenge because of
the adverse effects of multisegmental fusion in a
growing spine. If conservative treatment (cast,
braces) has failed to control the curve, spinal instru-
mentation without fusion becomes necessary. Sur-
gery for these curve types is very demanding and
prone to complications often requiring revision sur-
gery.
The natural history of adolescent idiopathic scoli-

osis is benign without significant differences to an
asymptomatic control group regarding physical
functioning and quality of life in adulthood. The
treatment depends on the severity of the curve and
the risk of progression. Conservative treatment is
intended to control progression of smaller curves. It
consists of observation and physiotherapy in
curves less than 10°–25° in skeletally immature
patients. Curves of 25° – 40° are usually treated by
bracing. Braces are only effective before skeletal
maturity is reached. Surgery is indicated in curves
larger than 40° – 50° or rapidly progressing curves
despite conservative treatment. The objective of
scoliosis surgery is to stop the progression and to
correct the deformity. Posterior instrumentation

and fusion remains the gold standard and allows
for a correction of the coronal deformity with resto-
ration of the coronal and sagittal balance and pro-

file. Today, pedicle screws are frequently used as
they allow a better correction and shorter fusion
length than systems only using hooks and wires. In
skeletally immature patients an anterior release
and fusion is necessary to avoid further anterior
growth after posterior fusion with a deterioration of
the deformity (crankshaft phenomenon). The
more demanding anterior scoliosis surgery often
allows motion segments to be spared and vertebral
rotation to be better addressed.

In contrast to adolescent scoliosis, adult idiopathic

scoliosis patients often present with symptoms
(pain, neurological deficits) due to secondary
degenerative changes. Surgical decision-making in
adult idiopathic scoliosis strongly depends on the
underlying causes of the pain or neurological defi-
cits. The goal in adult scoliosis is to achieve a bal-
anced spine without pain or neurological deficits.
Decompression of a nerve root compression or sec-
ondary central stenosis is possible in selected
patients with a balanced spine. Fusion in situ (w/o
short-segmental instrumentation) should be added
when extensive decompression is needed to avoid
curve deterioration. The treatment of an imbalanced
spine with secondary degenerative changes often
requires extensive posterior release and in some
cases necessitates multiple spinal osteotomies.

Key Articles

Nachemson A (1968) A long term follow-up study of non-treated scoliosis. Acta Orthop
Scand 39:466–476
This is one of the first long-term follow-up studies on the natural course of scoliosis. Dif-
ferent types of scoliosis are included. For congenital, thoracogenic and neurogenic scolio-
sis prognosis was found to be worse than for idiopathic, rachitogenic and poliomyelitic
scoliosis.

Weinstein SL, Zavala DC, Ponseti IV (1981) Idiopathic scoliosis: long-term follow-up
and prognosis in untreated patients. J Bone Joint Surg Am 63:702–712
Thoracic curves of 50°–80° were found to be at a high risk of progressing even after skele-
tal maturity was reached. Curves smaller than 30° did not progress regardless of the curve
pattern. In thoracic curves, the Cobb angle and vertebral rotation were found to be
important risk factors for curve progression.

Lonstein JE, Carlson JM (1984) The prediction of curve progression in untreated idio-
pathic scoliosis during growth. J Bone Joint Surg Am 66:1061–1071
In this study of patients with mild idiopathic scoliosis, pattern and magnitude of the
curve, the patient’s age at first diagnosis, menarchal status and the Risser sign were found
to be related to curve progression during growth.

Harrington PR (1962) Treatment of scoliosis. Correction and internal fixation by spine
instrumentation. J Bone Joint Surg 44A:591–610
Historical paper on spinal instrumentation for scoliosis describing the technique of scoli-
osis correction by distraction.
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Cotrel Y, Dubousset J (1984) A new technique for segmental spinal osteosynthesis using
the posterior approach. Rev Chir Orthop Reparatrice Appar Mot 70:489–494
Cotrel and Dubousset describe their technique for the posterior segmental derotation
technique of scoliosis correction.

Dubousset J, Herring JA, Shufflebarger H (1989) The crankshaft phenomenon. J Pediatr
Orthopedics 9:541–550
This article first describes the progression of the anterior column deformity despite pos-
terior instrumentation and solid fusion, the so-called crankshaft phenomenon.

King HA, Moe JH, Bradford DS, Winter RB (1983) The selection of fusion levels in tho-
racic idiopathic scoliosis. J Bone Joint Surg Am 65:1302–1313
Landmark paper on the classification of thoracic curves into five types.

Lenke LG, Betz RR, Harms J, Bridwell KH, Clements DH, Lowe TG, Blanke K (2001) Ado-
lescent idiopathic scoliosis: a new classification to determine extent of spinal arthrode-
sis. J Bone Joint Surg 83A:1169–1181
The King classification only included thoracic curves. Lenke et al. therefore developed a
new more comprehensive classification system. It allows the classification of 42 different
curve patterns including all curve types and the thoracic sagittal profile. This classifica-
tion is helpful for the selection of fusion levels.
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Neuromuscular Scoliosis

Jean A. Ouellet, Vincent Arlet

Core Messages

✔ Kyphoscoliosis is a synonym for neuromuscular
scoliosis, in contrast to lordoscoliosis, which is a
synonym for idiopathic scoliosis

✔ Hyperlordosis is also seen in neuromuscular
scoliosis

✔ Pelvic obliquity is pathognomonic for neuro-
muscular scoliosis

✔ Spinal deformities in neuromuscular patients
tend to be severe and progressive in both coro-
nal and sagittal planes

✔ Surgical management of patients with neuro-
muscular scoliosis is associated with greater
morbidity as they can have severe comorbid
medical problems

✔ Duchenne muscular dystrophy and Friedreich’s
ataxia should always have a preoperative car-
diac assessment

✔ Preoperative pulmonary function of less than
35 % of the predicted value indicates postopera-
tive ventilatory support and dependency, which
may put the surgical indications in question

✔ Maximizing hemostasis with adjuvant con-
trolled hypotension, cell savers, hemostatic

agents and excellent vascular access is impera-
tive since intraoperative bleeding can be signif-
icant (up to two times blood volume)

✔ Spinal fixation may be complicated and prone
to failure since bone is weakened by disuse,
osteopenia and antiepileptic drugs

✔ Achieving spinal balance in both the coronal
and sagittal planes is even more critical as
patients with neuromuscular scoliosis typically
do not have the innate ability to compensate
and balance themselves postoperatively

✔ Fusion often extends to the pelvis; thus a good
understanding of different pelvic-lumbosacral
fixations is mandatory

✔ Never extend a fusion down to the pelvis in a
patient relying on a mobile lumbosacral junc-
tion for his or her ambulation, even in the pres-
ence of pelvic obliquity

✔ If the curve < 40° and the pelvic obliquity < 10°,
one can stop the fusion at L5; if these are
greater then the fusion should be extended to
the pelvis

Epidemiology

Neuromuscular scoliosis

embodies a heterogeneous

group of patients

Scoliosis in the presence of a neuromuscular disorder (NMD) behaves entirely
differently from the more predictable idiopathic scoliosis. Depending on the
underlying NMD, the prevalence of scoliosis is also different. Having a better
understanding of these disorders facilitates the management of their associated
spinal deformities (Table 1).

Treatment must be

individualized for each

underlying diagnosis

One must appreciate that the heading of neuromuscular scoliosis encom-
passes a large variety of different NMD pathologies. These disorders can present
either early or later in life. They can be acquired by means of postinfectious or
post-traumatic events, or they can be genetic disorders affecting genes that code
for the proteins in nerve cells or in muscle cells, leading to malfunction of the
neurological or muscular systems. They can also be secondary to brain or spinal
cord insults or disease. The majority of these disorders present in different sever-
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Case Introduction

A 4-year-old boy with Duchenne muscular dystrophy had been followed at
the neuromuscular clinic at regular intervals to monitor respiratory status
and general development. On initial screening, spine X-ray did not demon-
strate any spinal deformity (a, b). At the age of 6, spinal asymmetry was
noted and a 10° scoliosis documented. By the age of 10, the curve had pro-
gressed to 48° (c). Respiratory functions were 35 % of expected and
deemed amenable to spinal surgery with moderate perioperative risk. The
patient had a classic segmental posterior spinal fusion using sublaminar
wiring from T2 to L5 (d). A decision was made to fuse to L5 and not fuse to
the pelvis considering that his pelvic obliquity was minimal < 10° and flexi-
ble (e, f ). By doing so the risk of pseudoarthrosis across the lumbosacral
junction was minimized. Being a male and non-ambulator the fusion could
have been extended to the pelvis to prevent the possibility of progressive
pelvic obliquity. In girls that perform self-catherization, fusing to the pelvis
often leads to loss of independence of self-care. The second contentious
decision was that no anterior spinal fusion was done due to the fear that he
would not tolerate the extended surgery. Fusing the spine at such a young
age poses a risk of the patient developing a crankshaft deformity; however,
considering that he had passed his peak growth velocity, this risk was mini-
mal. Furthermore any decisions must take into account his truncated life
expectancy. Of note is that the rods were inappropriately contoured lack-
ing lumbar lordosis to achieve an adequate sagittal balance.

Table 1. Characteristics of neuromuscular disorders associated with scoliosis [15, 34, 47]

Disease
(incidence)

Onset
(years)

Inheritance Life
expectancy
(years)

Presentation Progression of
weakness

Loss of
ambula-
tion (years)

Muscular dystrophies
Duchenne
(1:4 000 male
births)

1.5 – 4 XR 20 ± 4 Proximal muscle weakness, lower
weaker than upper limbs, extensor
weaker than flexor, muscles of
heart and respiratory system

Rapid decline
from 5 to
13 years, slower
after 14

10 ± 2.5

Becker
(4 : 100 000
male births)

8.5 ± 8.5 XR 23 – 89 Distribution similar to Duchenne Slow decline 25 – 58
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Table 1. (Cont.)

Disease
(incidence)

Onset
(years)

Inheritance Life
expectancy
(years)

Presentation Progression of
weakness

Loss of
ambula-
tion (years)

Muscular dystrophies
Limb girdle
(incidence
cannot be
estimated)

9 ± 4 AR (expAD) variable distribution similar to Duchenne
and Becker except no difference of
extensor and flexor

rapid loss 75 % by
age 20

Myotonic (AKA
Steinert’s)
(1 : 20 000
births)

23 ± 13 AD variable
(dependent
on arrhyth-
mias)

facial weakness notice first, ptosis,
generalized weakness of voluntary
muscles of limbs, distal muscle
weakness, and the neck, facial, and
diaphragm muscles, and intercos-
tals. Develops heart blocks, unable
to release grasp

slow loss late in life
if ever

Congenital
myotonic

at birth AR variable
( % neona-
tal death)

severe weakness, floppy baby,
require ventilation and nutrition
supplement as infant, moderate
mental retardation

may never
reach
ambula-
tion

Arthrogryposis
(1 : 3 000 births)

at birth non-genetic
fetal akine-
sia, 30 % AR

normal
(50 % neo-
natal death
when CNS)

focal weakness in presence of
severe joint contractures: classic
hands, wrists, elbows, shoulders,
hips, feet and knees. Severe cases,
all joints including jaw and spine

static; may pro-
gress with dis-
use, atrophy
may be present,
and muscles or
muscle groups
may be absent

variable

spinal muscular atrophy (1 : 6 000 births)
Type I (acute
infantile, acute
Werdnig-Hoff-
mann disease)

0 – 0.5 AR 1.5 (50 %
die before
2 years)

severe generalized muscle weak-
ness leading to feeding and breath-
ing failures, unable to sit

never
ambulate

Type II (chronic
Werdnig-Hoff-
mann diseases)

2 30 – 40 proximal muscle weakness, lower
weaker than upper limbs, extensor
weaker than flexor, sits but diffi-
culty walking if able

progression
variable

early loss

Type III (Kugel-
berg-Welander
diseases)

23 ± 19 normal proximal muscle weakness, no dif-
ference between lower and upper
or flexor and extensor

slow loss very late if
any

Poliomyelitis
(prevalence in
2003: 623 cases
worldwide)

variable acquired
(Nigeria,
India, Paki-
stan, Afgha-
nistan,
Egypt)

normal
(may
require
respiratory
support)

prodrome: fever 5 – 7 days before
headache, stiff neck, paraspinal
muscle weakness, asymmetrical
peripheral weakness (only on one
side or worse on one side), distribu-
tion depends on level of cord
involvement, abnormal sensations
with hypersensitivity

rapid onset
progresses to
paralysis, per-
manent or tran-
sient with pos-
sible mild
delayed regres-
sion

variable
depen-
dent on
severity,
subclini-
cal, non-
paralytic,
paralytic

Hereditary motor sensory neuropathy
Charcot-Marie-
Tooth (1:2 500
births)

13 ± 14 AD relatively
normal

distal muscle weakness, no differ-
ence upper vs lower, nor flexor vs
extensors

slow loss later if any

Cerebral palsy
(2:1 000 births)

at birth acquired
brain insult
in utero/peri-
natally, post-
infectious

variable
(dependent
on mobility;
non-sitter:
30; sitter:
46; ambula-
tor: 62)

spastic (50 %): stiff, difficult move-
ment
dyskinetic/athetoid (20 %): involun-
tary uncontrolled movement
ataxic (rare): poor coordination and
balance
mixed (30 %): combination of these
types

hypotonia may
develop into
spasticity

variable

Spinocerebellar dysfunction
Friedreich’s
ataxia (1 : 22 000
births)

10±5 AR early
adulthood
38 ± 14
(cardiac)

initially difficulty walking, ataxia,
then spreading to arms then trunk,
muscle weakness, muscle wasting:
feet, leg, hands, loss of sensation
over time, nystagmus, cardiomyop-
athy, myocardial fibrosis

slow progres-
sive

15 – 20
years after
diagnosis
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ities: from mild, to moderate, to severe forms. They may result in minimal clini-
cal manifestation or they can result in lethal disease in early infancy. An overview
of these disorders with their clinical presentations, their incidence and their
functional impact is given in Table 1.

Disease Specific Spinal Deformity

As part of a review of 547 individuals with different NMDs, the Rehabilitation
Research and Training Center (RRTC/NMD) found that the overall incidence of

Spinal deformity is frequent

and severe in rapidly

progressive NMD

spinal deformity was elevated (60–80%) in patients with rapidly progressive
NMD who presented before skeletal maturity [41], while in slowly progressive
NMD the incidence of scoliosis was relatively low (only 32%). In the patients with
rapidly progressive NMD, the incidence and severity of the scoliosis increased
with disease duration and years of wheelchair dependency, with a high incidence
of pulmonary complications and decreased pulmonary function. In contrast, in
patients with slowly progressive NMD, the presence of spinal deformity showed
no relationship between disease duration and length of wheelchair dependency.
The scoliosis of these patients was often mild to moderate and usually non-pro-
gressive. There was, however, a significant association between the number of
pulmonary complications and disease duration in those patients with spinal
deformity who also had significantly lower vital capacities. One must keep in
mind that these are general guidelines and do not imply a cause to effect relation-
ship between specific disease and the development of scoliosis.

Duchenne patients are

likely to develop scoliosis

For example, in Duchenne muscular dystrophy (DMD), there is a progressive
increase in incidence of scoliosis up to the age of 20 years (Case Introduction).
The incidence increases significantly once patients are wheelchair dependent,
especially after 3 years, when the incidence is close to 60%. Thirty-five percent of
patients have spinal deformity before the age of 8 years, and 90% do so by the age
of 20 years [15]. The incidence increases greatly between the ages of 13 and
15 years, which correspond closely with the adolescent growth spurt in boys.

In contrast, in patients with Becker’s muscular dystrophy, only 13% had scoli-
osis with mild non-progressive curves. Patients with hereditary motor sensory
neuropathy (HMSN, Charcot-Marie-Tooth disease) had a 25% incidence of spi-
nal deformity, of whom 15% had scoliosis and 10% had kyphoscoliosis. In
patients with Friedreich’s ataxia, the incidence of scoliosis was almost 100%,
compared to only 32% in those with other types of hereditary spinal cerebellar
ataxia (HSCA). Patients with infantile onset spinal muscular atrophy (SMA) had
a 78% incidence of scoliosis while juveniles and adults with SMA onset had only
8% incidence. Spinal deformity in the congenital myopathies occurred primarily
in the individuals with congenital muscular dystrophy (36%). Thirty-five percent
of patients with facioscapulohumeral dystrophy had spinal deformity, of whom
15% had scoliosis alone. The incidence of spinal deformity in limb girdle syn-
drome also depended on the type. Individuals with the childhood onset type had
a 44% incidence while those with the late onset and pelvofemoral types had only
a 6% incidence. There was a marked difference in the incidence of spinal defor-
mity between congenital myotonic muscular dystrophy (MMD) and non-con-
genital MMD. Forty-seven percent of the former had scoliosis as compared to
15% of the latter.

Ninety percent of myelodys-

plasia patients with a T10

level will develop a spinal

deformity

With respect to patients with myelodysplasia, the prevalence will vary
depending on their functional level: 90% of patients with a complete T10 level
will develop a coronal or sagittal spinal deformity, while only 5% of patients with
an L5 level will develop a spinal deformity [20].

The overall incidence of spinal deformity varies depending on the underlying
NMD, but it also varies according to the severity of the underlying NMD
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Table 2. Prevalence of spinal deformities in neuromuscular diseases

Diagnosis Percentagea

Cerebral palsy 25
Poliomyelitis 17 – 80
Myelodysplasia 60
Spinal muscular atrophy 67
Friedreich’s ataxia 80
Duchenne muscular dystrophy 90
Spinal cord injury (traumatic before 10 years of age) 100

a Based on data by J.E. Lonstein, Department of Orthopedics, University of Minnesota, Twin
Cities Spine Center, Minneapolis

(Table 2). In general, the greater the neuromuscular involvement, the greater the
likelihood of having a spinal deformity and the greater the deformity will be.

Pathogenesis

The pathophysiology of neurogenic spinal deformities remains unclear. It seems
logical to assume that the “collapsing kyphoscoliosis” is secondary to muscle
weakness and yet the same deformity is seen in patients with spasticity. The clas-
sical spinal deformities encountered in NMD consist of:

) scoliosis
) kyphosis
) kyphoscoliosis
) lumbar hyperlordosis
) pelvic obliquity

Pelvic obliquity is an

associated spinal deformity

Pelvic obliquity should be considered as an associated “spinal” neurogenic
deformity. All of these deformities can be present with any of the different NMDs,
making it difficult to draw any conclusion about the pathogenesis of neuromus-
cular scoliosis. Furthermore there is no association between etiology, pattern of
weakness, and curve pattern. There are factors that influence the development of
certain deformities. For example, the development of scoliosis is influenced by
the following factors:

) age of onset of NMD
) ambulation status
) severity and rapidity of the progression of the weakness

This is particularly true for patients with Duchenne muscular dystrophy. Close to
90% of them will develop scoliosis as their weakness progresses quickly, and it
occurs prior to cessation of growth coupled with loss of ambulation at an early
age. However, these factors do not always lead to a deformity, such as in patients
with amyotrophic lateral sclerosis, which is a very rapid progressive NMD and
yet only 1% develop scoliosis.

Classification

The classic patient we think of having neuromuscular scoliosis has either cerebral
palsy (upper motor neuron lesions) or Duchenne muscular dystrophy (peripheral
muscular disease) [4]. These two etiologies are representative of the two main
types of neuromuscular scoliosis. The Scoliosis Research Society has classified
neuromuscular scoliosis into neuropathic types and myopathic types (Table 3).
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Table 3. Classification of neuromuscular scoliosis

Neuropathic conditions Myopathic conditions

Upper motor neuron
) cerebral palsy
) syringomyelia
) spinal cord injury

Lower motor neuron
) poliomyelitis
) spinal muscular atrophy

Mixed upper and lower motor neuron
) myelodysplasia (spina bifida)
) spinal trauma

Spinocerebellar dysfunction
) Friedreich’s ataxia

Hereditary motor sensory neuropathy
) Charcot-Marie-Tooth

Muscular dystrophy
) Duchenne and Becker
) limb girdle
) facioscapulohumeral
) myotonic dystrophy

Arthrogryposis

Congenital myopathies
) nemaline
) central core disease

Lonstein et al. [22] classified the curve patterns of neuromuscular scoliosis in
patients with cerebral palsy and mental retardations into two large groups each
subdivided into two subgroups (Fig. 1). The difference between the groups is the
presence (G-II) or absence (G-I) of pelvic obliquity, which has a clinical bearing
as to whether to include the pelvis in the spinal fusion.

Figure 1. Neuromuscular curve classification

Group I: double thoracic and lumbar curves, little pelvic obliquity, patient in balance. a Thoracic lumbar curve in balance;
b thoracic greater than lumbar curve, unbalanced. Group II: large lumbar or thoracolumbar curves, severe pelvic obliq-
uity, patient out of balance. c Short fractional curve above sacrum; d extension of lumbar curve in sacrum (According to
Lonstein et al. [22]).
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Clinical Presentation

History

As in any ailment, obtaining a detailed history is fundamental in the establish-
ment of the correct diagnosis of scoliosis. A thorough history should include:

) perinatal history
) development history
) family history

A family history is required to assess the risk of a known etiology for the patient’s
spinal deformity. Clues suggestive for neuromuscular scoliosis are:

) birth anoxia
) delayed developmental milestone
) acquired or familial neuropathies and/or myopathies
) early onset (less than 7 years old)
) painful scoliosis

Detailed perinatal history

and family history is

warranted if neuromuscular

scoliosis is suspected

The patient should be asked about maternal diabetes, specific bowel and bladder
functions, and muscle endurance since these insignificant details can lead to a
diagnosis of sacral agenesis or then again to that of a tethered cord. Subjective
complaints of patchy numbness and weakness must be elicited as well as symp-
toms consistent with radiculopathy, myelopathy, or recurrent headaches, which
may all be symptoms of a syringomyelia (Table 4).

Table 4. Red flags for neuromuscular scoliosis

History:
) early onset scoliosis: early, less than 7 years of age
) painful scoliosis
) headache
) sensory or motor disturbances
) bowel and bladder dysfunction
) developmental delay, mental retardation

Physical examination:
Head & neck: ) flaccid facies

) poor head control

Skin: ) neuroectodermal lesions: café au lait spots
) spinal dysraphism: hairy patch, sacral dimples, midline birthmark

Spine: ) long collapsing scoliosis
) pelvic obliquity
) kyphoscoliosis
) lack of rotation

Neurology: ) spasticity
) muscle weakness, proximal girdle + Gower
) peroneal muscular weakness
) long track signs: clonus, Babinsky’s, hyperreflexia
) hypotonia, hyporeflexia
) patchy paresthesia

Musculoskeletal: ) limb atrophy, different feet size
) cavus feet
) upper extremity posturing during running
) loss of sitting balance
) Charcot joints
) non-ambulators
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Physical Examination

Skin

The dermis must be inspected for skin lesions such as café au lait spots or axil-
lary freckles as these are associated with neurofibromatosis, which can have
intradural neuromas. Other neurocutaneous skin markings such as hairy
patches (Fig. 2) or midline nevi (or vascular lesion) can also be superficial clues
to intradural pathologies.

Spine

Coronal imbalance

is frequent in

neuromuscular scoliosis

Neuromuscular scoliosis resembles a kyphoscoliotic deformity, in contrast to the
lordoscoliosis found in adolescent idiopathic scoliosis. Kyphosis is frequently
found as an associated spinal deformity in the neuromuscular patient as the
majority of them have “collapsing spine” secondary to muscular weakness or
deficient trunk control (Case Study 1). Patients must be examined for both defor-
mities in the sitting and supine positions, giving us an immediate insight into the
overall rigidity of both deformities. Of note, hyperlordosis can also be seen in
neuromuscular scoliosis, leading to inability to sit properly.

Sagittal imbalance

with apical kyphosis

is also frequent

The combination of pelvic obliquity and scoliosis tends to lead to spinal
imbalance, resulting in abnormal pressure points. Patients with neuromuscular
scoliosis can develop pressure sores on the sacrum, the ischia, and the greater
trochanter and these should be looked for.

a

b

c

dFigure 2. Clinical clues to neuromuscular scoliosis

a Eleven-year-old boy, idiopathic-like curve pattern, asymptomatic. On examination unilateral cavus foot with calf atro-
phy is noted. b The patient presents with a myopathic scoliosis due to Charcot-Marie-Tooth disease. c Seven-year-old girl,
right thoracic curve, with overt neuroectodermal marker – hairy patch. d The patient is diagnosed with diastematomye-
lia and tethered cord.
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Case Study 1

A 12-year-old boy with congenital myopathy (a) presented at our neuromuscular clinic with his older brother (b), who
was also diagnosed with neuromuscular scoliosis. His brother had undergone a selective thoracic posterior spinal fusion
with Harrington rod 15 years earlier (c). Over time the brother developed additional deformity above and below and
crankshaft deformity across the instrumented segment. The main concern of the younger brother was not to end up like
his older brother. The patient has severe coronal imbalance with a significant pelvic obliquity (d, e). Surgical manage-
ment must address both the long classic C-shape neuromuscular scoliosis and the pelvic obliquity. The primary goal is
to achieve coronal and sagittal balance. Despite the relatively rigid upper thoracic deformity, correction was achieved by
posterior alone spinal surgery with a solid pelvic fixation comprising MW construct, pedicle screws above and below and
apical sublaminar wire to maximize apical translation (f, g). The MW “segmental pelvic fixation” (see Fig. 5) allows (if
needed) for further pelvic correction by levering on the iliosacral screws in the up or down hemipelvis depending on
residual obliquity even after the cantilever maneuver has been done.
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Pelvis and Hips

Hip contractures will

influence treatment

From a musculoskeletal examination point of view, one must assess the skeletal
appendages as well as the spine. A detailed examination of the hips particularly
looking for hip contracture is crucial as they influence sitting balance and in par-
ticular can induce pelvic obliquity (Case Study 1). As there are many patients
with neuromuscular scoliosis who are wheelchair dependent, one must pay par-
ticular attention to the pelvis and its orientation in both the coronal (obliquity)
and sagittal plane (anteversion/retroversion).

If pelvic obliquity is present, one should assess whether its origin is:

) suprapelvic
) intrapelvic
) infrapelvic [13]

Pelvic obliquity

is pathognomonic

for neuromuscular scoliosis

Suprapelvic obliquity is secondary to the spinal deformity itself. The scoliosis
drives the pelvis in its obliquity. Dubousset saw the pelvis as the 6th lumbar ver-
tebra and the pelvis being a simple extension of the scoliotic deformity resulting
in pelvic obliquity. In contrast, infrapelvic obliquity is secondary to hip contrac-
tures which result in pelvic obliquity. The contractures which drive the pelvic
obliquity tend to be abduction or adduction hip contractures. When both are
present in opposite hips one talks of windswept deformity of the hips, which typ-
ically results in significant pelvic obliquity.

NMD patients often develop

hip flexion contractures

In addition, as the majority of these patients are wheelchair dependent, they
develop hip flexion contractures. These may induce fixed or flexible sagittal spi-
nal deformity in the form of lumbar hyperlordosis. Orientation of the pelvis and
lumbar lordosis needs to be assessed as an anteverted pelvis or compensatory
hyperlordosis can indicate severe hip flexion contracture. These postoperatively
may become much more apparent as the patients are no longer able to compen-
sate with their flexible lumbar spine.

To differentiate between supra- and infrapelvic obliquity, the patient is placed
prone at the end of an examining table with the hips flexed over the edge of the
table (negating the flexion hip contractures). Then by abducting or adducting the
hips, the pelvis can be leveled in the infrapelvic obliquity, while for the suprapel-
vic obliquity the pelvis cannot be leveled by changing the position of the hips.

An understanding

of pelvic obliquity

is a key to treatment

Intrapelvic obliquity is secondary to morphological changes of the hemipelvi-
ses. This can be seen in asymmetrical myelomeningocele as the weaker side
develops less, resulting in bony architectural changes leading to ischial and ilium
hypoplasia. Pelvic X-rays are the only way to identify such pelvic obliquity.

Ambulatory Status and Mode of Ambulation

It is not enough to know if the patient is a:

) walker
) sitter (wheelchair bound)
) non-sitter

Mode of ambulation

determines the extent

of instrumented fusion

In the walker, one must determine gait pattern and mode of ambulation. Certain
patients (myelodysplasia) need a mobile lumbosacral junction to ambulate as
they rely on pelvic thrust to propel their lower extremities to ambulate. Extend-
ing the fusion to the pelvis in this subpopulation would take away their ability to
ambulate. Even in the wheelchair-bound patient, a mobile lumbosacral junction
may be needed to perform self-catheterization. Thus, the decision to extend the
fusion to the pelvis must be done with careful consideration.
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Neurological Examination

Always check abdominal

reflexes

The treating surgeon must complete a thorough physical examination not limited
to the musculoskeletal examination. Literally, a head to toe examination is
required to search for NMD. Missing abdominal reflexes can be a subtle sign of
neurogenic scoliosis. Flaccid faces can be suggestive of subtle myopathies while
asymmetrical shoe size can be a subtle sign of syringomyelia. Having the patient
walk and run while looking for gait pattern and upper extremity posturing can
elucidate a subtle spastic diplegia. Lower extremity morphological asymmetry
such as a unilateral cavus must alert the surgeon that there may be underlying
spinal cord pathology warranting further investigation. A detailed neurological
examination must be carried out to assess for both sensory and motor deficits.
Testing reflexes and looking for long tract signs such as Babinski’s and Hoffman’s
signs, clonus, and spasticity are all part of a first visit examination of a newly
diagnosed scoliosis. If weakness is present, differentiating proximal from distal
distribution may help in differentiating neuropathies from myopathies. Looking
for proximal girdle strength should also be tested by asking the child to stand
unassisted from a sitting position. If the child is unable to do so or uses their
hands to push themselves up by adapting a wide base gait and locks the knees in
extension with the hands and uses the hands to push themselves along on their
legs, then this is considered a positive Gower test. Romberg’s test should also be
performed to test cerebellar function (testing balance with eyes closed, feet side
by side and arm forward flexed). Signs of calf hypotrophy are also documented as
a diagnosis of Charcot-Marie-Tooth disease can be made.

Diagnostic Work-up

Medical Assessment

Pulmonary function less

than 35 % of predicted

is associated with increased

risk of ventilation

dependency

Confirming the diagnosis of neuromuscular scoliosis is best done in a multidisci-
plinary fashion by including the neurologist and geneticist. To achieve a final
diagnosis, nerve and muscle biopsy may be warranted. Managing spinopelvic
deformity in the neuromuscular patient remains a challenging task. These
patients tend not only to have severe deformities, but they also have associated
pathologies that are directly or indirectly related to their spinal deformity that
puts them at higher risk of morbidity and mortality (Case Study 2). This multi-
disciplinary team should include a pulmonologist, a cardiologist, dieticians, a
physiotherapist, and an occupational therapist. Particular attention must be paid
to pulmonary functions as many patients have severe restrictive pulmonary dis-
ease. Pulmonary function of less than 35% predicted is associated with a pro-
tracted postoperative course with an increased risk of ventilation dependency.
Cardiac arrhythmias secondary to conduction abnormalities and even possible
ventricular hypokinesis can be seen in dystrophy patients, in particular those
with Duchenne muscular dystrophy. A large proportion of patients with neuro-
muscular scoliosis have concomitant dietary problems leading to malnutrition

Check for the nutritional

status

(low total protein and a low leukocyte count). As nutritional status [51] has a
direct impact on the risk of deep wound infections, perioperative nutritional
optimization in the form of continuous feeds via a nasogastric tube or total par-
enteral nutrition (intravenous caloric and protein supplements) during hospital-
ization is recommended.

Neuromuscular Scoliosis Chapter 24 673



a b

c

d

e

f

Case Study 2

An 11-year-old girl with a mid-tho-
racic functional myelomeningocele
presented with progressive neuro-
genic kyphosis (a, b). The patient had
had a tracheotomy for central apnea
since the age of 6 years. Sitting and
wheelchair adaptation had become
progressively more difficult. The tho-
racolumbar kyphosis was compound-
ing her already compromised respira-
tory status due to loss of spinal
height. The pathophysiology of mye-
lomeningocele kyphotic progressive
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Case Study 2 (Cont.)

deformities is secondary to the fol-
lowing “mechanical” considerations:
loss of posterior tension band, erec-
tor spinal musculature becoming a
“flexion” vector as it subluxes ante-
rior laterally, and anterior column
deficiency. A hyperextension X-ray
shows the kyphosis to have cor-
rected but only partially (c). Surgical
treatment included first stage poste-
rior spinal instrumentation and cor-
rection with a pedicle subtraction
osteotomy at L2. Distal fixation was
achieved by using a Donn McCarthy
presacral ala rod supplemented with
a far lateral pedicle screw preventing
distal fixation pull-out. Proximal ped-
icle screws were used flanking the
osteotomy while proximally the
fusion and instrumentation was
extended to T2 to avoid junctional
kyphosis (d, e). The patient had 2nd
stage anterior interbody fusion
across the kyphotic segment as pos-
terior bone mass was inadequate for
solid fusion. In the span of 5 months,
the patient developed severe junc-
tional kyphosis (f ) with required
extension of the instrumentation to
the first lordotic cervical segment.
Junctional kyphosis was assessed
and noted to be relatively flexible on
extension film; thus no anterior
release was done prior to final sur-
gery (g, h). Inferior facettes were
resected, providing adequate correc-
tion and sagittal balance.

Imaging Studies

Plain Radiographs

Standard radiographs

(standing or sitting) remain

the imaging modality

of choice

Obtaining reliable spine X-rays is a challenge in this patient population as some
are unable to stand, to sit or even to lie still for the X-rays. Taking this into consid-
eration, standard unassisted upright standing or sitting AP and lateral X-rays
have an added variability, thus making curve monitoring more difficult. In some
cases supine X-rays are the only X-rays feasible. As part of the preoperative imag-
ing, supine bending films and/or traction films should be obtained to guide sur-
gical planning. The bending films and even the traction films will provide some
insight into the spinal muscular atrophy patient; however, in the spastic quad lit-
tle will be gained as the patient will not relax for the surgeon to see the residual
rigid deformity. Obtaining an intraoperative X-ray with the patient under gen-
eral anesthesia can provide added information to decide whether the patient
needs an anterior release. More important is an intraoperative physical examina-
tion to assess curve and pelvis flexibility. An absolute Cobb measurement must

NMD curve typically

presents with a long

collapsing C-shaped curve

not be taken without clinical correlation.
A long collapsing C-shaped curve pattern is the classic spinal deformity found

in the neuromuscular patient (Case Study 1). Granted that this is the classic curve
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But NMD can present

with any other curve pattern

pattern, any curve pattern can be found. Left-sided curves, particularly in males,
have been associated with syringomyelia. The absence of Dickson’s apical lordo-
sis [9] on the lateral X-ray should raise the suspicion of neuromuscular scoliosis
[39]. Stagnara described that as the spine rotates 90° the lateral deviation (scolio-
sis) of the spine is then oriented in the sagittal plan, resulting in apparent kypho-
sis [46] (Fig. 3). The other type of kyphotic deformity in neuromuscular scoliosis
is secondary to loss of the posterior tension band such as in myelomeningocele
[20] (Case Study 2) or in myopathy scoliosis. This kyphosis can result in signifi-
cant loss of spinal height, resulting in internal organ crowding and skin break-
down over the gibbus.

a

b

c d

Figure 3. Neurogenic kyphoscoliosis

The rotational deformity of scoliosis causes an apparent kyphosis. a, b The clinical coronal deformity appears moderate.
However, due to the severe rotational deformity compounded by severe pelvic obliquity, the PA X-ray is actually more of
a lateral of the spine. c, d The apparent severe sagittal kyphotic deformity is in fact the coronal scoliotic deformity. This
is apparent as one notes the lumbar vertebrae are oriented in a PA orientation. This case illustrates the true three-dimen-
sional nature of spinal deformities.
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Magnetic Resonance Imaging

Rule out intradural

pathology by MRI

Any scoliotic patients with a hint of neurological signs or symptoms [8, 49] or
with neuroectodermal skin lesions must have MRI performed of the entire spine
(occiput to sacrum) to assess the presence of any intradural lesions: syringomye-
lia, tethered cord, and spinal tumor. Malignant curve progression warrants MRI
as it may also be a sign of intradural pathology.

Non-operative Treatment

When consulting patients for the type of treatment, a thorough knowledge of the
natural history is mandatory. The natural history in neuromuscular scoliosis is
closely linked to the underlying disease.

Natural History

The life expectancy of

NMD patients is diminished

In general, patients with neuromuscular scoliosis have a diminished life expec-
tancy compared with the general population which is mainly secondary to their
underlying neuromuscular diagnosis. Spinal deformity if severe can negatively
impact their life expectancy, particularly scoliotic deformities leading to cardio-
pulmonary compromise [18] (Table 1).

The natural history of neuromuscular spinal deformity is one of curve pro-
gression irrespective of etiology. Granted that there are many different factors
influencing curve progression, there are some neuromuscular curves which do
not progress; however, the majority will.

Factors influencing curve progression are as follows:

) age of onset of NMD
) severity and rapidity of weakness
) evolving or static neuromuscular disease
) skeletal maturity
) ambulation status
) severity of curves

Few papers have specifically looked at the natural history and curve progression
of patients with neuromuscular scoliosis [15, 20, 25]. Their curve progression has

Severe curve progression

occurs mainly during

peak growth

been reported to be from 7° to 40° per year. The severe progression occurs mainly
during patients’ peak growth compounded with loss of an autoregulatory spinal
alignment process which their underlying neuromuscular condition impedes.

For example, in Duchenne muscular dystrophy, the rate of curve progression
in untreated boys overall averages 7° per year. Oda et al. [36], after reviewing the
natural history of scoliosis in DMD, found that there were three courses of curve
progression:

) Type I curves comprise progressive collapsing kyphoscoliosis with signifi-
cant rotatory deformity extending into the pelvis which always reach 30°
before the age of 15 years, with a rapid progression of 15°–20° per year
thereafter.
) Type II curves are characterized by hyperlordosis with a progressive scoli-

otic deformity. The patients with double major curves tend not to have pel-
vic obliquity and have stable curves, while patients with lumbar or thoraco-
lumbar curves tend to have pelvic obliquity and progress as type I curves.
) Type III curves have straight sagittal spines and have non-progressive scoli-

otic curves that never reach 30°.
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Patients with cerebral palsy

have a highly variable

onset of puberty

In Becker’s muscular dystrophy, curves tend not to be severe and non-progres-
sive [29], as the patients tend to be older. In contrast, in patients with cerebral
palsy, because their onset of puberty is highly variable (8–20 years), it is difficult
to quantify the risk of curve progression.

Scoliosis in cerebral palsy

can progress into adulthood

It has also been shown that scoliosis in patients with cerebral palsy continues
to progress even into adulthood [16, 25].

Non-operative Treatment Options

Non-operative treatment

must be individualized

The non-operative management of neuromuscular spinal deformities must be
adapted to each patient’s specific requirements. When patients are still able to be
upright, then initial treatment consists of encouraging prolongation of an
upright position while maintaining standing/ambulation status.

Once a patient is wheelchair dependent, then seating modifications are war-
ranted to provide lateral trunk support, as well as accommodation of sagittal
deformities such as hyperlordosis or kyphosis. The seating surface must also be
carefully chosen to minimize skin breakdown while providing enough support to
minimize pelvic obliquity. Controlling and compensating hip contractures must
also be taken into consideration to favorably influence the pelvis to minimize an
oblique take-off of the spine.

Bracing is usually not

helpful in neuromuscular

scoliosis

Bracing in neuromuscular scoliosis should not be seen in the same light as
bracing for idiopathic scoliosis. Bracing has not been shown to prevent curve
progression in neuromuscular scoliosis [37]; thus its usage is not oriented
towards the treatment of these curves [6, 32].

The bracing used for neuromuscular scoliosis is functional bracing. It pro-
vides external support to the spine, allowing some patients to be more func-
tional. Its goal is to maximize functional positioning by controlling some of the
spinal collapse, improving posture, and facilitating seating in some cases. One
must realize that in some patients with neuromuscular scoliosis bracing is con-
traindicated since it may result in compromising what is left of their respiratory
reserve. Bracing can seriously limit gastric motility, worsening the nutritional
status of these patients. Some will simply not tolerate the braces, with uncontrol-
lable behavioral problems. Obviously in any of these situations, bracing should
be discontinued, since it is counterproductive to a functional bracing. Early rec-
ognition of neuromuscular spinal deformity is important, since treatment plans
must be instituted as soon as possible.

Operative Treatment

Surgical Indications

The decision to proceed with major spine surgery for neuromuscular scoliosis
remains somewhat controversial, particularly when looking at the elevated mor-
bidity and mortality of this type of surgery. Yet a consensus is emerging that with
adequate pre- and perioperative multidisciplinary management and with a suc-
cessful outcome, most patients and caregivers feel the surgery is beneficial to
their overall well-being [3].

The indication for scoliosis

correction in NMD patients

remains controversial

Absolute surgical indications remain controversial [22] for globally disabled
children. The classic surgical indications of idiopathic scoliosis, i.e., curves >50°
or curve progression in the immature patient, also apply to the management of
neurogenic scoliosis. However, these tend not to be the main factors influencing
the decision to operate. Loss of function is the more common indication to pro-
ceed with surgical management of neurogenic scoliosis. As their spinal deformity
progresses, the ensuing spinal deformity and trunk shifts result in decreased pul-
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monary function and increased respiratory disease, deterioration of comfort
and loss of the activities of daily living, inability to walk or sit independently, as
well as a decrease in quality of life. Sitting patients end up supporting themselves
with one of their hands, resulting in a functional triplegia. Such functional losses
are surgical indications. The development of pressure sores and the inability to
use further adapted wheelchairs to compensate for their spinal deformity are also
surgical indications since the spinal deformity has a real impact on the activities
of daily living. In contrast to idiopathic scoliosis, where it is rare that the defor-
mity negatively impacts on the child’s well-being, neurogenic scoliosis com-
pounds an already fragile individual (Table 5):

Table 5. Indications for surgery

) severe (> 50 degrees) progressive curves
) curve progression in Duchenne muscle dystrophy
) loss of sitting balance
) cardiopulmonary compromise
) deteriorating general well-being

One must not forget that indications will vary depending on the underlying etiol-
ogy of the scoliosis. For example, in Duchenne muscular dystrophy, knowing that
90% of patients with DMD will have a progressive spinal deformity as well as a

In Duchenne patients

surgery is indicated early

declining pulmonary function [33], one tends to intervene at a lower Cobb angle
and/or when the curve is progressive. In fact a loss of pulmonary function is
more influential than a rise in Cobb angle. As patients get older, their curves
increase while their pulmonary functions decrease. Due to this reverse relation-
ship there is a window in which surgery is recommended, and if it is missed mor-
bidity rises to unacceptable levels. When treating patients with cerebral palsy
who are skeletally immature with a progressive curve between 40° and 50°, or
skeletally mature cerebral palsy patients with curves greater than 50°, it is recom-
mended to proceed with a spinal arthrodesis [48].

General Principles

Do not blindly apply

the classic principles

of idiopathic scoliosis

management

The first principle, and probably the only steadfast rule when managing neuro-
muscular deformities, is not to blindly apply the classic principles of surgical
management of idiopathic scoliosis. The second principle in managing neuro-
muscular scoliosis, which is the cornerstone of all surgical management of any
spinal deformity, is to achieve perfect spinal balance in both the coronal and sag-

Aim for coronal and sagittal

balance

ittal planes [42]. Classically these patients do not have compensatory mecha-
nisms (muscle tone, intact proprioception) to rebalance themselves.

Patients’ curves tend to be long and they often have associated pelvic obliq-
uity, necessitating long fusions to the pelvis. Therefore, the coronal and sagittal
balance must be perfect when performing spinal fusions for neuromuscular sco-
liosis. Thirdly, a word of caution: a thorough preoperative and perioperative
medical management is mandatory in managing patients with neuromuscular
scoliosis. These patients tend to have cardiac pathology, severe pulmonary dis-

Consider the comorbiditiesease, and malnutrition [51] to name a few associated conditions. If these medical
problems are left unattended or are ignored, they will lead to catastrophic com-
plications.
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Surgical Techniques

Levels of Fusion

The Harrington principle, fuse the Cobb angle, also holds true for neuromuscu-
lar scoliosis. However, in contrast to idiopathic scoliosis, it is usual to actually
span beyond the Cobb for two reasons:

) associated kyphosis
) associated pelvic obliquity

Selective fusion should

not be done for NMS

In contrast to idiopathic scoliosis, selective spinal fusion should not be done
since the underlying neuromuscular condition will continue to exert its force on
the non-fused segment and new deformities will present themselves. The fusion
is often extended proximally to address the sagittal kyphotic deformity.

a b c

d

Case Study 3

A 14-year-old boy with cerebral palsy was referred for a severe and particu-
larly rigid spinal deformity with a rigid pelvic obliquity (a, b). His wheelchair
could no longer be adapted to provide comfortable positioning. The
patient had developed a pressure sore on his left ischium. Preoperative X-
ray confirmed both sagittal and coronal imbalance with little correction on
supine bending (c, d).
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Case Study 3 (Cont.)

Furthermore even under GA with manual traction it was not possible to level the patient’s pelvis (e). Hence an anterior
release was performed as well as an apical corpectomy (f ). Subsequently the patient was placed in gravity halo traction
(g). One week later the patient had completion of apical vertobrectomy and posterior instrumentation and fusion with
restoration of sagittal and coronal correction (h, i).

Sagittal kyphotic

deformities must be

addressed and fused

Therefore, it is critical not only to choose your fusion levels with coronal and
bending films but to closely scrutinize the lateral X-ray to avoid stopping the
fusion at the apex of the kyphotic deformity (Case Study 3). The fusion must
extend out of the kyphosis to the first lordotic segment; this holds true both prox-
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imally and distally [19]. Fusing long will avoid problematic revision surgery for
junctional kyphosis.

Selective spinal fusion

must be avoided

In general, T2 is the proximal fusion level for neuromuscular scoliosis. Fusing
too short or excessive kyphotic correction leads to junctional kyphosis as
patients with neuromuscular kyphoscoliosis want to drift back to their initial
sagittal alignment, placing tremendous forces at the distal end of fixation.

Fixation to the sacrum

is a major challenge

More often than not, if the distal level of the fusion exceeds the Cobb angle, it
is to address the associated pelvic obliquity. In general, L5 or the sacrum is the
distal fusion level for neuromuscular spinal deformities. There remains some
debate as to whether the pelvis should be included or not in the fusion. Patients
with pelvis obliquity of less than 10° can have their fusion down to L5 to avoid the
complications associated with fixation to the pelvis. Trying to fuse across the
lumbosacral junction is associated with a high rate of non-union. Secondly, as
there is one level left of mobility, overall spinal alignment can be forgiving, and
spinal balance may be achieved by patient volition. The downside of stopping the
fusion short of the pelvis is that there is a possibility that the patient decompen-
sates out of balance as the pelvis tilts, thus leading to further spine surgery in
already frail patients.

Spinal Fixation

Sublaminar wires have been

the gold standard treatment

The classic spinal implant for neuromuscular curves comprises sublaminar wires
with Luque rods [24]. The advantages of this classic segmental spinal fixation are
that one achieves a gradual reduction of each segment (mainly by spinal transla-
tion), thus minimizing the risk of fracturing the spinal anchorage points.

Poor bone quality

challenges the

instrumentation

This is of particular concern when treating non-ambulatory patients with an
osteoporotic spine either from disuse and/or induced by long-term antiepileptic
medication. The disadvantages of wires are the potential risk of injuring the spi-
nal cord during insertion and the risk of considerable epidural bleeding.

Consider the risk of spinal

anchorage point fracture

and pull out

The alternative construct is a combination of multiple sublaminar hooks, ped-
icle hooks and/or pedicle screws at each level, distributing the forces across the
entire spine. The use of multiple pedicle screws can provide enough corrective
forces for the anterior release to be avoided, and to allow for single stage poste-
rior spinal fusion and instrumentation [30]. The liberal use of pedicle screws
(lumbar and thoracic) rather than sublaminar wires serves two purposes. Firstly,
they allow for a much more thorough decortication, which obviously helps to
achieve a better fusion. Secondly, pedicle screws allow for much more radical
bilateral facetectomies, which facilitates greater correction. Both of these can be
done without fear of weakening the spinal fixation points.

Sacral and Pelvic Fixation

The classic spinal implant for the management of pelvic obliquity associated with
neuromuscular scoliosis is the Luque-Galveston construct [11]. This fixation
from T2 to pelvis spans the lumbosacral junction by inserting the distal rods into

Sacral and pelvic fixation

remain a major challenge

in NMD

the posterior superior iliac spine (PSIS) between the inner and outer tables just
above the sciatic notch (Fig. 4). Adding an S1 pedicle screw to the base of the con-
struct and a cross-link proximally adds significant stability to the construct [26].
The unit rod [35] has been shown to be a more effective means of addressing the
pelvic obliquity and the spinal deformity [7]. The reduction maneuver for cor-
recting pelvic obliquity consists of a cantilever maneuver. This entails fixing the
rods distally to the pelvis at a 90-degree orientation to the ischial tuberosities.
Then the rods are levered across and attached to the proximal spine, thus leveling
the pelvis perpendicular to the balance of the spine. The entry points in the PSIS
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Figure 4. Luque-Galveston fixation

a Entry point of iliac fixation at the posterior superior iliac spine (PSIS). b Bending rod for Galveston fixation comprises
two bends, one 90° and one 45° in two different planes. c Contouring of the rod to adapt to the sagittal profile. d Luque-
Galveston fixation for neuromuscular scoliosis.

are crucial for the unit rod and Galveston techniques as this will determine if the
pelvis will be leveled after the reduction maneuver. For severe pelvic obliquity a
maximal width (MW) segmental pelvic fixation has also been described and
shown to be effective [2]. MW pelvic fixation comprises a pedicle screw inserted
in a Galveston fashion down the iliac wing 1 cm above the sciatic notch. As an
added lever arm to correct the pelvis, a sublaminar hook pushes or pulls on an ili-
osacral screw, as described by Dubousset [31]. The construct has a maximal

The MW fixation allows

for a very stable sacropelvic

fixation

width fixation across the lumbosacral junction and on the AP and axial imaging
has an “M&W” configuration; hence the eponym MW fixation (Fig. 5). The hook
placement obviously is dependent on the obliquity of the pelvis; hence the hook
facing down is on the iliosacral screw of the elevated hemipelvis side while the
hook going up is on the iliosacral screw on the lower hemipelvis. Great forces can
be exerted across these iliosacral screws, thus allowing significant correction
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Figure 5. MW fixation

The drawings illustrate the placement and appearance of MW fixation. The pelvis anchorage points comprise an iliac
screw (1) and iliosacral screws (2) which have downgoing (3) and upgoing hooks (4) to provide leverage in opposite
directions to level the pelvis. Inset view of pelvis illustrates placement of screws. Note the iliosacral screws end in the
promontory of S1. Note the location of the hooks harnessing the added lever arm of the iliosacral screws.

Figure 6. Cantilever correction with MW sacropelvic fixation

a The initial step of reduction is to achieve solid distal pelvic fixation. In this illustration MW pelvic fixation is achieved.
Rods must be as perpendicular as possible to the pelvis. b The second step is to cantilever the proximal rod to the spine,
thus achieving initial correction of the pelvic obliquity. c The third step consists of correcting if needed the residual pelvis
obliquity by distracting down via the hook resting on the iliosacral screw on the higher hemipelvis. In contrast, on the
lower hemipelvis, the hook will pull up (compressing) the iliosacral screw proximally to level the pelvis.
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of oblique pelvis (Fig. 6). From a technical point of view, to improve our accuracy
of the insertion of the iliosacral screws we identify and delineate the medial wall
of the pedicle of S1 via a small laminotomy. We then identify our entry point on
the outer table of the iliac bone, aiming just above the sacral ala and down the S1
pedicle, entering the vertebral body of S1. As one establishes their entry point on
the iliac bone one must ensure that the screw will be superficial to the sacral ala,
thus allowing some room for the laminar hook to pass underneath it and catch
the iliosacral screw (Case Study 1).

Bone Grafting

Allograft fusion is well

accepted for fusion

of neuromuscular scoliosis

The general consensus is that an allograft is a well-accepted bone grafting substi-
tute for spinal fusion in neuromuscular scoliosis [52]. Many factors have led to
this consensus. In part the pelvises of neuromuscular patients tend to be small,
never providing enough bone. Furthermore they are often used as a fixation
point. It is therefore standard treatment to supplement a local bone graft (spi-
nous process, facets and lamina) with an allograft.

Anterior vs Posterior Surgery vs Combined Surgery

The classic surgical management of neuromuscular scoliosis comprises a single
posterior spinal fusion. Undertaking anterior spinal surgery has been associated
with an increased morbidity especially in NMD patients [12]. Indications for
anterior spinal surgery are threefold:

) skeletal immaturity
) rigidity of the deformity
) risk of non-union

The literature remains unclear on the absolute indications because of the added
morbidity.

Patients at risk of crank-

shafting should undergo

additional anterior fusion

The general principle is that patients who are at risk of a crankshaft phenome-
non (i.e., progressive rotation of the anterior column around the fused posterior
elements) after posterior fusion should undergo an anterior growth arrest and
fusion. Keeping in mind that patients with neuromuscular disorders have altered
growth patterns [16, 25], patients younger than 10 years of age, Risser 0, with
open triradiate cartilage, and who have not yet reached their peak growth veloc-
ity are at risk of crankshaft. It is recommended for these patients to proceed with
an anterior spinal fusion if they can tolerate the surgical insult.

Anterior release may be

necessary for the correction

of rigid deformity

The second indication for anterior surgery is the need for an anterior release
to allow the pelvis to be leveled. If one is unable to correct the pelvis manually by
bringing it within 10° of the perpendicular of the trunk by applying external
forces over the iliac crests and the trunk with the patient in a prone position with
the legs hanging free in flexion, then it is recommended that an anterior release
should be done or even an apical vertebrectomy considered. Curve flexibility can
be assessed with traction films and supine bending films. However, in some cases
of severe spasticity, only intraoperative examination and imaging with the
patient under general anesthetic will provide curve flexibility (Case Study 4).

Patients at risk of non-union

(e.g. myelodysplasia) should

undergo interbody fusion

Thirdly, anterior spinal fusion should be also considered when the risk of non-
union is elevated. The typical example is that patients with myelomeningocele
with deficient posterior spinal elements should systematically have an anterior
interbody fusion [45]. The biology of posterior grafting remains in tension
mode, while anterior grafting is in compression mode, which favors a solid
fusion. Achieving solid anterior fusion can be crucial, as about half of myelome-
ningocele patients with posterior spinal fusion [20] will develop a deep posterior
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Case Study 4

This is a 16-year-old boy with a T10 myelomeningocele with a progressive severe coronal and sagittal spinal deformity
(a–d). His deformity led him to have recurrent pressure sores over the gibbus, constant GI problems secondary to the
increased abdominal pressure, as well as severe pulmonary restrictive disease. Surgical management required preopera-
tive gravity halo traction and aggressive chest physiotherapy to minimize perioperative respiratory collapse. The patient
then underwent a kyphectomy with a retroperitoneal extraperiosteal resection of the proximal kyphotic segment (e)
allowing a maximal distal fixation point. To minimize distal instrumentation, pull-out Dunn-McCarthy presacral rods
were used supplemented with far lateral pedicle screws almost behaving as anterior vertebral screws. Once the proximal
bone was excised (yellow shadow), the deformity was corrected in a cantilever maneuver closing the gap (f ) and correct-
ing the deformity.
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Case Study 4 (Cont.)

The patient then had an anterior structural tibial graft inserted via a thoraco-abdominal approach to ensure solid ante-
rior spinal fusion across the residual kyphosis (g, h).

spinal infection with the possible necessity of hardware removal [27, 30, 38].
Finally, patients with severe kyphotic deformities requiring significant correc-
tions should also have anterior structural bone grafting (tibia or ribs) to prevent
the deformity from recurring. It is preferable to achieve sagittal balance with nor-
malization of the sagittal alignment but moderating the urge to overcorrect the
kyphosis.

Single anterior only surgery

is indicated only in minor

curves without the need

for sacropelvic fixation

Single anterior only spine surgery can be done for specific curve patterns and
patients with specific contraindications to posterior surgery, i.e., chronic
infected wounds. The surgical indications that Sponseller recommends for ante-
rior spinal fusion in myelomeningocele are: a relatively small supple curve of less
than 70 degrees with no need to extend the fusions down to the pelvis [44].

If combined anterior and posterior surgery is required, the ideal timing of the
anterior surgery is still controversial [10]. Anterior surgery can be done on the
same day or staged with a period of halo traction, achieving some gradual cor-
rection over time. Gravity halo traction [5] and intraoperative halo femoral
traction [17] are options. Irrespective of the type of traction, close neurological
examination including cranial nerve testing, muscle strength in the upper and
lower extremities, sensory examination and long tract signs is mandatory to
avoid injury to the spinal cord. Complications in staged surgery have been found
to be higher and some advocate same day front and back surgery [10].

Severe Rigid Spinal Deformities

Some of the neuromuscular spinal deformities can be severe, and particularly
rigid spinal osteotomies, vertebrectomies, or even kyphectomies may be
required to rebalance patients. When one needs to proceed to a kyphectomy, the
neuromuscular kyphoscoliosis has reached its end stage disease and is an exam-
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ple of what can happen with neuromuscular curves. The severe spinal deformity
can lead has led to significant loss of spinal column height, resulting in signifi-
cant disability and morbidity. This child’s kyphotic deformity was not addressed
at an early age, as there was a false perception that delaying surgical manage-
ment would allow for better pulmonary function. The problem is that kyphosis
will always progress in this population and that the complexity of the case will
only increase. There are two types of kyphosis in myelomeningocele. The more
classic collapsing C shape type kyphosis that can be addressed by pedicle sub-
traction type osteotomies [27] is classically performed in the newborn and
young infant by removing the ossific nuclei. The second type is described as

Rigid S shape kyphosis

requires spinal column

resection

a so-called rigid S shape kyphosis [21] due to the associated thoracic lordosis
above the lumbar kyphosis. To address such a deformity a spinal column resec-
tion is required.

When planning a spinal resection, one must achieve solid fixation above and
below the resection. Distal fixation can be problematic if distal vertebrae have
been resected, thus keeping as many distal spinal vertebrae as possible, to maxi-
mize distal spinal anchorage points. Pelvic/sacral fixation is best achieved with a
modified Dunn-McCarthy presacral rod [28] augmented with pedicle screws in
the most distal vertebral bodies. The entry points for these screws tend to be
much more lateral (in the remnant pedicle) and must converge much more than
the usual pedicle screws. As the Dunn-McCarthy rods are anterior to the sacrum
and sacral alae, one is able to exert a significant corrective force across an osteo-
porotic pelvis and sacrum. With such a construction one is able to flex in a canti-
lever fashion the distal spine and pelvis, thus correcting the deformity. Proximal
fixation can be performed with sublaminar wire, hooks or pedicle screws. Shar-
rard first described this as apical vertebral resection [43]. We tend to identify and
isolate the dural sac [40]. If it poses a physical barrier to our dissection, we ligate
the sac and transect the cord; however, we prefer to spare it by mobilizing it and
then transecting the roots. We then proceed in an extraperiosteal dissection just
as one would do a classic anterior approach. We identify the disc levels, then, by

Apical vertebral resection is

technically very demanding

and associated with

significant blood loss

using a blunt dissection we reflect the great vessel and the peritoneum off of the
spine from either side. We then ligate the segmental vessels, and reflect anteriorly
the peritoneum and the abdominal contents. This is facilitated by the prone posi-
tion as the abdominal contents fall forward. Once the vertebrae identified have
been circumferentially dissected, we place blunt retractors around the spine and
proceed to cut the vertebra at a bony surface with an oscillating saw above and
below the planned resected spine, thus providing bony apposition. As one does
this, significant blood loss is encountered, and it persists until the two ends of the
vertebrectomy are reapproximated. Therefore the spinal anchorage points must
already be in place and the actual kyphectomy is done last (Case Study 4).

Spinal Cord Monitoring

Spinal cord monitoring

remains mandatory though

not always feasible

In patients with neuromuscular scoliosis, one sometimes cannot have any form
of intraoperative spinal monitoring due to inadequate somatosensory evoked
potential (SSEP) or even motor evoked potential (MEP) and one must rely on the
Stagnara wake-up [14, 50]. Sometimes, the wake-up test is also not feasible if
patients are uncooperative.

The wake-up test

is often unreliable

In such situations we tend to keep all our instruments sterile on the back table
until well after the surgery has ended and until the patient has moved all limbs.
If there is a problem then we do not need to wait for the resterilization of the
instruments and proceed to immediate hardware removal or decrease the
amount of correction.
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Recapitulation

Epidemiology. Scoliosis, in the presence of a neuro-
muscular disorder (NMD), behaves entirely differ-
ently than the more predictable idiopathic scolio-
sis. The overall incidence of spinal deformity varies
between underlying NMDs but it also varies accord-
ing to the severity of the underlying NMD. In gener-
al, the greater the neuromuscular involvement,

the greater the likelihood of having a spinal defor-

mity and the greater the deformity will be.

Pathogenesis. The pathophysiology of neurogenic
spinal deformities remains unclear.

Clinical presentation. The classical spinal deformi-

ties encountered in NMD consist of kyphoscoliosis,
scoliosis, kyphosis, lumbar hyperlordosis and pelvic

obliquity. On taking the history one needs to find
clues, which may confirm the presence of neuromus-
cular scoliosis. Clues suggestive of neuromuscular

scoliosis are birth anoxia, delayed developmental
milestone, acquired or familial neuropathies and/or
myopathies, spinal deformity before the age of
7 years, or a painful scoliosis. A systemic examination
is mandatory of head to toes and further clues can be
found confirming the presence of neuromuscular spi-
nal deformity. Neurocutaneous skin markings such as
hairy patches or midline nevi (or vascular lesion) can
be superficial clues to intradural pathologies. If pelvic

obliquity is present, one should assess whether its or-
igin is: suprapelvic, intrapelvic, or infrapelvic. Dubo-
usset saw the pelvis as the 6th lumbar vertebra and
the pelvis being a simple extension of the scoliotic
deformity resulting in pelvic obliquity. In contrast, in-
frapelvic obliquity is secondary to hip contractures,
which result in pelvic obliquity. The contractures,
which drive the pelvic obliquity, tend to be abduction
or adduction hip contractures. It is crucial to know if
the patient is a walker, sitter (wheelchair bound) or
non-sitter. In the walker, one must determine gait
pattern and mode of ambulation, as it determines the
extent of instrumented fusion (whether or not to in-
clude the pelvis). The neurological examination
needs to be thorough: Flaccid faces can be sugges-
tive of subtle myopathies while asymmetrical shoe
size can be a subtle sign of syringomyelia.

Diagnostic work-up. Confirming the diagnosis of
neuromuscular scoliosis is best done in multidisci-
plinary fashion by including the neurologist and
geneticist. Patients with neuromuscular scoliosis
tend to have severe deformities with associated pa-

thologies that are directly or indirectly related to
their spinal deformity that puts them at higher risk
of morbidity and mortality. The onus is on the

treating surgeon to exclude hidden pathologies

that can worsen the deformities as well as harm the
general health of the patient. Pulmonary function

less than 35 % of predicted is associated with a pro-
tracted postoperative course with an increased risk
of ventilation dependency. Cardiac dysfunctions

can be seen in the muscular dystrophic patients. A
large proportion of patients with neuromuscular
scoliosis have concomitant dietary problems lead-
ing to malnutrition which may require supplemen-
tation. Part of the preoperative imaging, supine
bending films and/or traction films should be ob-
tained to guide surgical planning. Any scoliotic pa-
tients with a hint of neurological signs or symptoms
or with neuroectodermal skin lesions must have an
MRI scan of the entire spine taken (occiput to sa-
crum) to assess any presence of intradural lesions:
syringomyelia, tethered cord, or spinal tumor.

Non-operative treatment. The natural history of
neuromuscular spinal deformity is one of curve pro-

gression irrespective of etiology. Factors influencing

curve progression are as follows: age of onset of
NMD, severity and rapidity of weakness, evolving or
static neuromuscular disease, skeletal maturity, am-
bulation status, and severity of curves. Their curve
progression has been reported to be from 7° to 40°
per year. In patients with cerebral palsy, because their
onset of puberty is highly variable (8 – 20 years), it is
difficult to quantify the risk of curve progression and
it has been shown that their scoliosis does progress
into adulthood. Bracing for neuromuscular scoliosis
is “functional bracing”. It provides an external sup-
port to the spine, allowing some patients to be more
functional. Bracing has not been shown to prevent
curve progression in the neuromuscular scoliosis.

Operative treatment. In contrast to idiopathic sco-
liosis, neuromuscular deformities tend to alter the

patient’s functional status by interfering with their
ability to sit, stand, and walk. This loss of function is
the more common indication to proceed with sur-
gical management as all of these curves progress.
One must prepare for and expect longer surgical
times with greater blood loss. Surgical planning is

crucial not to miss the associated sagittal deformi-
ties. The majority of these patients will need the
postoperative intensive care unit mainly to monitor
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for fluid shift and respiratory status. The cornerstone
of the surgical management of these types of curve
is to achieve perfect spinal balance both in the

coronal and sagittal planes. Classically these
patients do not have compensatory mechanisms
(muscle tone, intact proprioception) to rebalance
themselves. Their curves tend to be long and they
often have associated pelvic obliquity necessitating

long fusions to the pelvis. Treating neuromuscular-

spinal deformity requires a vast knowledge of pelvic
and spinal fixation techniques such as the Luque-

Galveston techniques, unit rods, and MW pelvic fix-

ation. One should apply all the modern principles of
spinal deformity correction to these cases in order to
minimize the extent of the approach, to maximize
their postoperative function (walking capacity or sit-
ting balance) and to achieve a successful outcome
with no postoperative immobilization.

Key Articles

Mazur J, Melelaus MB, Dicksen DR, et al. (1986) Efficacy of surgical management for
scoliosis in myelomeningocele: correction of deformity and alteration of functional sta-
tus. J Pediatr Orthop 6:568
Paper summarizing the impact of spinal surgery on the myelomeningocele patient.

Askin G, Hallett R, Hare N, Webb JK (1997) The outcome of scoliosis surgery in the
severely physically handicapped child: An objective and subjective assessment. Spine
22(1):44–50
A broad summary of the subjective impact of spinal surgery on patients with neuromus-
cular scoliosis.

Lonstein J, Akbarnia B (1983) Operative treatment of spinal deformities in patients with
cerebral palsy or mental retardation. J Bone Joint Surg Am 65:43–55
Landmark paper providing insight into management of neuromuscular scoliosis.

Winter S (1994) Preoperative assessment of the child with neuromuscular scoliosis.
Orthop Clin North Am 25:239–245
Thorough review and clear recommendations for preoperative work-up of patients with
neuromuscular scoliosis going for surgery.

The following papers describe surgical techniques for pelvic fixation, which are required
for management of spinal surgery in this patient population:

Allen BL, Ferguson RL (1984) The Galveston technique of pelvic fixation with L-rod
instrumentation of the spine. Spine 9(4):388–94
This article describes the classic sacral fixation technique in neuromuscular scoliosis.

Bulman W, Dormans J, Ecker M, et al. (1996) Posterior spinal fusion for scoliosis in
patients with cerebral palsy: a comparison of Luque rod and unit rod instrumentation.
J Pediatr Orthop 16:314–323
In this study the results of 15 patients who underwent arthrodesis with dual Luque rod
instrumentation are compared with the results of 15 patients in whom unit rod instru-
mentation was used. The unit rod instrumentation allowed a significantly greater correc-
tion of both the major curve and pelvic obliquity.

McCarthy RE, Bruffett WL, McCullough FL (1999) S rod fixation to the sacrum in
patients with neuromuscular spinal deformities. Clin Orthop Relat Res 364:26–31
This article describes anew formofpelvic fixation foruse in patientswith neuromuscular spi-
nal deformities to overcome the problems imposed by the Galveston technique. One end of
a Luque rod is prebent into an S-shaped configuration and placed over the sacral ala, supply-
ing firm fixation across the lumbosacral junction without crossing the sacroiliac joint. It fixes
firmly against the sacral ala by distracting against a hook or screw in the lumbar spine

Arlet V, Marchesi D, Papin P, Aebi M (1999) The ‘MW’ sacropelvic construct: an
enhanced fixation of the lumbosacral junction in neuromuscular pelvic obliquity. Eur
Spine J 8(3):229–31
The authors introduce a new fixation system, in which iliosacral screws are combined
with iliac screws. This is made possible by using the AO Universal Spine System with side
opening hooks above and below the iliosacral screws and iliac screws below it. The whole
sacropelvis is thus encompassed by a maximum width (MW) fixation, which gives an ’M’
appearance on the pelvic radiographs and a ‘W’ appearance in the axial plane.
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Congenital Scoliosis

Francis H. Shen, Vincent Arlet

Core Messages

✔ Most cases of congenital scoliosis are sporadic
and therefore are non-hereditary

✔ Up to 60 % of patients with congenital scoliosis
may have malformations of other organ sys-
tems, particularly the genitourinary, cardiovas-
cular, and nervous systems

✔ The classification system is based on either fail-
ure of formation, failure of segmentation, or
mixed (failure of both formation and segmenta-
tion)

✔ Curve progression in congenital scoliosis is
based on both the type and location of verte-
bral anomaly

✔ MRI searching for associated neurologic malfor-
mations is mandatory

✔ The treatment of congenital scoliosis is primar-
ily surgical

✔ The goal of prophylactic surgery is to prevent
curve progression or attempt a slow progres-
sive correction over time through fusions in situ
and/or hemiepiphysiodeses

✔ The principle of corrective surgery focuses on
attempting to correct the spinal deformity at
the time of spinal fusion through either osteo-
tomies or spinal resections

✔ Neurologic monitoring is essential during cor-
rection of congenital curves

Epidemiology

Most cases of congenital

scoliosis are sporadic and

therefore non-hereditary

The presence of a coronal plane curvature secondary to an anomalous congenital
vertebral defect that is present at birth is known as congenital scoliosis. This can be
distinguished from infantile idiopathic scoliosis by the presence of a structural ver-
tebral abnormality. If the vertebral anomaly results in a sagittal plane deformity it
will result in congenital kyphosis or lordosis. Frequently, the resulting deformity is
a combination of both planes, with congenital kyphoscoliosis being more common
than congenital lordoscoliosis. The true incidence of congenital scoliosis is
unknown. Among the large studies reported there do not appear to be any signifi-
cant ethnic or geographic differences, although there is a greater female to male
ratio (1.4–2.5 to 1). Most cases of congenital scoliosis are non-hereditary and pose
little risk to subsequent siblings or offspring [3, 45, 47]. In a review of 1250 congeni-
tal deformities at a single institution, Winter found that approximately 1% of
patients with congenital spinal deformities had a known relative with the problem
[43]. In fact, the majority of identical twin studies have shown the congenital defect
to exist in one of the siblings, but not in the other [15, 29, 40]. Rare reports of both
twins having congenital spinal anomalies do exist [1]. Cases with a syndromic asso-
ciation (Jarcho-Levine, spondylothoracic dysplasia, spondylocostal dysplasia) can
have a hereditary component, and are typically associated with multiple levels of
bilateral failures of segmentation, multiple fused ribs, and missing segments [11, 27,
30]. In these cases, where multiple complex anomalies exist, the related risk is up to
10% for similar lesions in siblings or subsequent generations [22]. The incidence of
associated malformation has been reported to be as high as 25% for urologic condi-
tions [25], 10% for cardiac conditions [4], and 28–40% for neuroaxis anomalies
[4, 8, 33, 34, 46].
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Case Introduction

Technique for surgical excision of a
hemivertebra through a posterior
only approach. A 7-month-old girl
was diagnosed with a congenital
hemivertebra. An MRI was obtained
revealing a tethered cord which
was subsequently released. She
was otherwise healthy and the
remaining work-up did not reveal
any other associated genitourinary,
cardiac, or neurologic malforma-
tions. Radiographs (a) demonstrate
a fully segmented hemivertebra
located at the lumbosacral junc-
tion. Due to the magnitude of the
curve, location of the anomaly
resulting in an oblique take-off of
the spine, and associated pelvic
obliquity. The patient developed a
substantial clinical deformity (b)
with coronal imbalance. These
cases are perhaps the best indica-
tion for early surgical intervention.
As a result, at 7 years of age the
patient underwent an excision of
the hemivertebra through a poste-
rior approach only (Fig. 4). Intra-
operative images (c) and postoperative radiographs (d) confirm the position of the instrumentation and correction of the
deformity. Clinically, the patient has immediate improvement in her coronal balance (e).

Pathogenesis

Up to 60 % of patients

may have malformations

of other organ systems

The etiology in sporadic cases is believed to be related to an insult to the fetus
during the 4th–6th week of gestation during spine embryological development
[24]. It is also during this gestational period that other organ systems are devel-
oping in the fetus. As a result, up to 60% of children with congenital scoliosis
have malformations in other organ systems, particularly the genitourinary, car-
diovascular, and nervous systems [4]. Therefore, a careful search for associated
anomalies should be conducted in these patients.
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Classification

Congenital spinal anomalies

can be classified as failure

of formation, failure of

segmentation or mixed

The congenital anomalies are classified as either failure of formation, failure of
segmentation, or mixed (failure of both formation and segmentation) [27, 44].
Examples of failure of formation are hemivertebra and wedge vertebra, while
unilateral unsegmented bars and block vertebra are examples of failure of seg-
mentation (Fig. 1).

A wedge vertebra represents a partial failure of formation on one side of the
vertebra. A complete unilateral failure of vertebral formation is known as a hemi-
vertebra, and depending on the presence, or absence, of the disc space(s) is fur-
ther described as:

) fully segmented
) partially segmented, or
) non-segmented

Fully segmented hemivertebrae have a normal disc space both superior and infe-
rior to the vertebral anomaly, while a partially segmented hemivertebra has only
one normal disc space and is fused to the adjoining vertebra on the remaining
side. A non-segmented hemivertebra has no intervening disc space at all and is
fused to both the superior and inferior vertebrae. Furthermore, depending on its
relationship to the spine, a hemivertebra can be further described as:

) incarcerated or
) non-incarcerted

Wedge vertebra and hemi-

vertebra are examples of

failure of formation

An incarcerated hemivertebra appears to be “tucked into” the spine with its pedi-
cle falling in-line with the adjacent pedicles, while a non-incarcerated hemiverte-

a

Figure 1. Classification of congenital scoliosis

Congenital anomalies of the spine can be classified either as failure of formation or failure of segmentation. a Hemiverte-
bra and wedge vertebra are two common examples of failure of formation. Notice that hemivertebra can be further sub-
classified as fully segmented, semi- (or partially) segmented, non-segmented, incarcerated and non-incarcerated.
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Figure 1. (Cont.)

b Block vertebra is an example of a bilateral failure of segmentation while unilateral bars are examples of unilateral failure
of segmentation. A unilateral bar with a contralateral hemivertebra has the worst prognosis for progression and is an
example of a mixed anomaly (both failure of formation and failure of segmentation).

bra protrudes out of the spine with its pedicle lying outside the line of the adja-
cent pedicles [26]. In general, a non-incarcerated vertebra has a worse prognosis
for progression when compared to an incarcerated vertebra.

Unilateral unsegmented

bars and block vertebra

are examples of failure

of segmentation

A unilateral unsegmented bar is a vertebral bar fusing the discs and facets on
one side of the vertebral column, while a block vertebra is the result of bilateral
failure of segmentation with complete fusion of the disc between the involved
vertebrae. In some cases, fused ribs may also be present, typically on the same
side as the unsegmented bar. Mixed anomalies are combinations of both failure
of formation and failure of segmentation and can occur in any combination.

Clinical Presentation

History

Congenital spinal anomaly

may be found incidentally

Patients with congenital scoliosis can present at any time. Often the diagnosis
of the spinal deformity is made in utero at the time of the prenatal ultrasound
[5]. Although in most cases the exact anomaly cannot be diagnosed at that
time, it is essential that the ultrasonographer also look for other associated
conditions such as spina bifida, and cardiovascular, urogenital or other syn-
dromic malformations. Prenatal counseling and awareness of the overall prog-

Congenital scoliosis is often

associated with other

non-spinal anomalies

nosis of these kinds of deformities is essential to provide appropriate informa-
tion to the parents. The congenital curve may also be discovered incidentally
on routine radiographs performed for any other reason, such as a chest X-ray
for respiratory problems or congenital heart disease, or abdominal films for
belly pain. The importance of these images should not be overlooked, because
later they can provide essential information in assessing progression of the
deformity.
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Figure 2. Physical findings suggestive of congenital spinal anomaly

A careful physical examination of the whole body is mandatory. Findings may
be as obvious as a gross coronal imbalance; however, often the signs are more
subtle. Evidence of a spinal asymmetry, b a hairy patch, c calf or d foot asymme-
try is suggestive of an underlying congenital malformation.

Otherwise, the child will be referred for the evaluation of a spinal deformity that
was picked up by the family, school nurse, or their physician. Findings that
should raise the suspicion of an underlying congenital malformation are:

) a hairy patch
) midline skin hemangioma
) a sacral dimple
) a foot malformation
) leg asymmetry
) urinary symptoms
) an unusual or rigid curve (Fig. 2)

Skin stigmata or musculo-

skeletal anomalies may

indicate congenital anomaly

In extreme cases, congenital scoliosis is only discovered at the time of the surgical
procedure (of what was thought to be an idiopathic scoliosis), as it may not have
been visible on the radiographs due to the rotation of the vertebrae.

Physical Findings

The evaluation of the patient follows the same rules as for any spinal deformity
examination. An assessment is made of:

) balance of the trunk (plumb line dropped from C7 and the skull)
) balance of the shoulders
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) rigidity of the curve
) the rib hump
) associated malformations

The physical examination should include:

) whole spine
) skin
) a complete musculoskeletal status
) a thorough neurologic examination

The evaluation must follow

the same rules

as for any spinal deformity

examination

The clinical assessment should also search for:

) craniofacial malformations
) Klippel-Feil web neck
) cardiac malformation
) urinary malformations

Serial clinical photographs

are helpful for monitoring

progression

Clinical digitalized photographs should be obtained because they best reflect the
patient’s clinical presentation. It is important to note that sometimes, although
the Cobb angle does not change, the clinical deformity may worsen and may be
picked up as an increased shoulder imbalance, trunk shift or a worsening of the
compensatory curve requiring early surgical intervention.

Diagnostic Work-up

The high frequency of associated malformations necessitates a thorough diag-
nostic work-up of the patient and it is mandatory to not only concentrate on the
spinal deformity.

Imaging Studies

Standard Radiographs

Standard radiographs are still the method of choice for an initial screening and
assessment. The appropriate initial work-up of patients with congenital scoliosis
should include:

) whole spine radiographs
) functional views
) cervical spine radiographs
) spot views of the malformation
) chest radiographs

Whole spine posteroanterior (PA) and lateral radiographs are essential to assess the
deformity comprehensively. The best X-rays are usually ones taken at birth, and one
should track them down if they are available. After 1 year of age, radiographs
should be taken as upright standing films, with the legs in extension and the pelvis
level, to compensate for any leg length discrepancy. The Cobb angle should be mea-
sured from endplate to endplate or, if not feasible, one should use the pedicle lines.
It is essential that the same landmarks be used during subsequent follow-up mea-
surements. Several Cobb angles may have to be calculated and recorded, including
the Cobb angle measuring the congenital deformity and one of the overall curve.

The same landmarks

should be used during

each follow-up radiographic

measurement

Functional views (flexion/extension, side bending, or traction views) can be
used to provide information about instability, flexibility, and rigidity of the
deformity. It is accepted that in congenital scoliosis a worsening of the Cobb
angle of at least 10° is sufficiently significant to be termed as progression [23].
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The diagnosis of progression is based on serial clinical and radiographic exami-
nations (every 6–9 months from birth to 5 years of age, every year from 5 to 10,

Always compare the mea-

surements with the first

assessment

and every 6 months from puberty to the end of skeletal maturity). Serial radio-
graphs should always be compared with the initial radiographs, and measure-
ments should include:

) Cobb angle of the whole curve
) Cobb angle of the deformity
) Cobb angle of any compensatory curves
) assessment of vertebral rotation
) rib vertebral angle (ribs becoming more vertical)

Additional cervical spine X-rays are indicated to rule out a Klippel-Feil syn-
drome or a cervical hemivertebra. The association between congenital scoliosis
and Klippel-Feil syndrome has been well described and may present with the
classic clinical triad of short neck and low posterior hairline, with a limited neck
range of motion. These malformations are often not very well visualized in whole
spine radiographs, and spot views of the malformation and flexion-extension lat-
eral radiographs may also be necessary. Recently, studies have noted that the
increased anterior atlantoaxial interval (ADI) frequently seen in these patients
may not necessarily be related to clinical symptoms and that the presence of occi-
pitalization and decreased posterior ADI may provide additional information for

Search for rib synostosesidentifying patients at risk for developing subsequent neurologic sequelae [34,
36]. In addition, chest cage X-rays will be required in the case of a thoracic curve
to look for rib synostoses, which may behave as a bar if they are close to the spine.

Magnetic Resonance Imaging

When a further assessment is needed or in the process of surgical planning, MRI
can provide valuable anatomic detail. MRI with cartilage sequences provides the
best quality pictures of the cartilage endplates, possibly giving the best informa-
tion on growth potential and contact with the intramedullary elements. In addi-
tion to better defining the congenital anomaly, MRI has become the modality of
choice for the diagnosis of commonly associated intramedullary disorders such
as syrinx, tethered cord, or Chiari malformations (Fig. 3a–c).

Obtaining an MRI scan

to search for associated

neurologic malformations

is mandatory

The patient with a tethered cord may be asymptomatic or present with a range
of neurologic symptoms ranging from increased spasticity or gait disturbances,
to progressive loss of motor or bowel and bladder function. MRI findings may
include the presence of a low lying conus or thickened filum terminale. If present,
surgical untethering is typically warranted to avoid incurring further neurologic
deficits. Another association frequently identified on MRI includes the Chiari
malformation. Although the clinical presentation in these patients is extremely
variable, the common MRI finding is characterized by caudal displacement of the
cerebellar vermis, tonsils, and cervicomedullary junction into the spinal canal
(Fig. 3c).

Computed Tomography

CT can help define the

congenital anomaly better

Tomographs are classic for showing a bony bar, but have lost their role in the
diagnostic assessment with the advent of thin-slice high resolution computed
tomography (CT). CT with thin slices and with reconstruction is useful in very
complex deformities and to facilitate surgical planning.
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Figure 3. MRI identifies common associated intramedullary disorders

Spinal cord anomalies can occur in up to 40 % of patients with congenital spinal scoliosis. Common associated findings
include a syrinx, b tethered cord with low lying conus, or c Chiari malformation.

Specific Investigations

Renal and bladder ultrasound imaging is recommended for all patients on their
initial presentation and further genitourinary imaging is obtained as indicated.
A cardiac assessment is also required by the cardiologist, as congenital scoliosis
has a 12% incidence of associated cardiac malformation. Echocardiography is
therefore often indicated to rule out an underlying cardiac problem.

Non-operative Treatment

Bracing usually is ineffective

in congenital scoliosis

Non-operative treatment of congenital scoliosis will consist in either observation
of the curve or bracing. Observation should be applied only for non-progressive
balanced curves. In most instances bracing is ineffective in congenital scoliosis. It
may be indicated for long flexible curves, controlling compensatory lumbar
curves, helping to rebalance the spine, or postoperative use until the fusion is solid.

A prerequisite for counseling patients on the choice of treatment is a thorough
knowledge of the natural history particularly when surgery is considered. In con-
genital scoliosis, natural history is predominately influenced by the risk of curve
progression.

Natural History and Progression

Curve progression in

congenital scoliosis is related

to the type and location

Because of the wide range of deformities that can occur in congenital scoliosis,
predicting the risk of curve progression can be difficult. As a general rule, the
rate of progression is directly related to:

) the potential for asymmetric growth, and therefore related to the presence
or absence of an intervening disc(s)
) the location of the vertebral anomaly (Case Introduction)
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Therefore, it follows that a fully segmented vertebra, with the presence of two
disc spaces (and therefore two sites of growth potential), has a greater risk for
curve progression than a non-segmented hemivertebra that is completely fused
to the two adjoining vertebrae and has no available disc spaces. Similarly, block
vertebrae have no growth potential and therefore remain stable. Table 1 provides
guidelines for the risks of progression for each type of anomaly and average
degree of progression per year.

Table 1. Risk of progression for common vertebral anomalies

Greatest risk of progression

unilateral unsegmented bar with contralateral hemivertebra (5 – 10 degrees/year)
unilateral unsegmented bar (3 – 9 degrees/year)
two unilateral fully segmented hemivertebrae (2 – 5 degrees/year)
one fully segmented hemivertebra (1 – 3 degrees/year)
wedge vertebra (minimal to no growth potential)
block vertebra (stable)

Lowest risk of progression

While these examples are fairly straightforward, the anatomy in many mixed
anomalies can be unclear, with a prognosis that is unknown. In these instances,
the patient must be followed closely for evidence of curve progression. In gen-
eral, the overall average progression per patient is 5 degrees per year [44].

Early surgical intervention

may be required to address

curves that result in

significant shoulder,

pelvic, or trunk imbalance

Location of the congenital anomaly can affect both curve progression and
overall appearance of the patient. Upper thoracic curves tend to progress less
than thoracolumbar and lumbar curves. However, although these upper thoracic
curves seldom reach 30°, they can cause significant shoulder imbalance that may
require early surgical intervention. Similarly, low lumbar curves can induce an
oblique take-off from the spine resulting in pelvic obliquity and truncal imbal-
ance. Mid-thoracic curves, with the apex centered at T5–T7, can induce a pro-
gressive compensatory low thoracic or lumbar curve that may need to be
included in the fusion if they become bigger and structural. In these instances it
may be important to consider early surgical intervention before these changes
occur [3].

Operative Treatment

General Principles

The treatment of congenital

scoliosis is primarily surgical

The treatment of congenital scoliosis is primarily surgical [14, 46]. The goal is to
achieve a solid fusion and prevent further progression, and if possible decrease
the deformity to achieve as straight a spine as possible at the end of growth. How-
ever, the curves are often rigid and correction difficult to achieve; therefore the
best approach is early recognition and careful monitoring [22]. In this manner,
early “prophylactic” surgery is possible by anticipating and halting progression
before significant deformity occurs [3]. It is even possible in some cases to
achieve partial correction over time. However, in many cases some degree of
immediate correction is desired. In these cases, the surgical procedures are
designed to correct the curve through the use of spinal instrumentation, osteoto-
mies, and spinal column and vertebral resections.
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Surgical Techniques

“Prophylactic” Surgical Procedures

These procedures are predominantly referred to as “in situ fusions and hemiepi-
physiodesis.” The general principle is to balance the growth by slowing or stop-
ping the convex side growth while allowing the remaining concave growth poten-
tial to catch up.

In situ fusion can be done with a single posterior fusion with or without
instrumentation, or with an anterior fusion, or as an anterior-posterior fusion.
These operations can be performed if the three-dimensional aspects of the defor-
mity have been fully understood. However, the compensatory curve above or
below the fused segment may still progress after such procedures. Some correc-
tion of the so-called fusions can be achieved if one uses a corrective cast postop-
eratively.

Asymmetric growth

is balanced by arresting

growth on the convex side

Hemiepiphysiodesis tends to achieve progressive correction over time, taking
advantage of the intact growth plates on the concave side of the deformity (Case

Study 1). In most cases it requires an anterior and posterior approach to the
spine. Anteriorly, one-third of the disc space and corresponding endplates on the
convexity of the curve are removed and fused. The hemiepiphysiodesis can be
performed through a mini-thoracotomy, thoracoscopically, or even transpedicu-
larly [17, 31]. Posteriorly only the convex side is approached and fused. The
patient is then immobilized in a cast in the position of maximum correction to
take advantage of the flexibility of the curve. The results are, however, somewhat
unpredictable [13, 18, 42], and these procedures are typically limited to young

The outcome of

hemiepiphysiodesis

is not easily predictable

patients (under 5 years of age) and to curves of less than 50°. They should not be
carried out if there is a kyphosis component to the deformity. A very careful fol-
low-up is necessary, as progression of the deformity can still occur during the
adolescent growth spurt.

Corrective Surgery Procedures

Posterior Curve Corrections

Neurologic monitoring

is essential during correc-

tion of congenital curves

Posterior spine fusion without instrumentation and correction with a cast is an
option in young children, but the lack of anterior fusion exposes the spine to the
crankshaft phenomenon if the anterior growth plates overcome the posterior
fusion. Posterior spine fusion with instrumentation is indicated in older patients,
where there is no risk of crankshafting [46]. Anterior and posterior spine fusion
with discectomies and instrumentation can achieve a significant correction in
the mobile segments of the spine. The danger with all corrective procedures is
overcorrection and distraction of the curve with subsequent neurologic compli-
cations. In such cases the distraction should not be done first. The compression
rod should be inserted first and then only minimal distraction applied on the
concave rod. The use of spinal cord monitoring and/or a wake-up test after cor-
rection is mandatory. Neurologic monitoring can never be emphasized enough
during such corrections (Case Study 2). Anterior stabilization of the spine with a
strut graft done through a convex, or for biomechanical reasons from a concave,
approach should be considered if there is a significant kyphotic component to
the deformity.
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Case Study 1

A 3-year-old boy presented for evaluation and management of a progressive congenital scoliosis. He was diagnosed with
a cardiac murmur at birth and subsequent echocardiogram revealed severe congenital cardiomyopathy and pulmonary
hypertension that eventually required surgical intervention. AP and lateral radiographs (a, b) of the spine reveal a par-
tially segmented, incarcerated hemivertebra at the thoracolumbar junction. Cobb angle, measured from endplate to
endplate, was 37 degrees at the time of surgery. Physical examination and MRI revealed no other neurologic findings.
The patient underwent an anterior hemiepiphysiodesis and posterior hemiarthrodesis on the convex side of the curve
(c). Segmental vessels were ligated with surgical clips. The intervertebral disc, and therefore the growth potential on the
concave side of the curve, were left intact. The patient tolerated the procedure well and achieved a solid arthrodesis on
the convexity of the curve. The remaining growth potential produced unilateral growth and progressive correction of
the curve. At latest follow-up (d, e) the congenital curve had been reduced to 20 degrees over a 5-year period.
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Case Study 2

A 14-year-old male with congenital scoliosis
presented with a 55-degree upper left thoracic
curve. He was otherwise neurologically intact.
There were no other members in his family
with scoliosis. The remaining medical work-up
and MRI was negative for associated cardiac,
genitourinary, or neurologic malformations.
Because of the location of the congenital
anomaly in the high thoracic spine, the patient
developed a fairly dramatic clinical deformity
with an elevated left shoulder (a, b) and coro-
nal imbalance (c). As a result, he underwent an
instrumented posterior spinal fusion. Intraope-
ratively, the left convex rod was inserted first
and a compression maneuver performed. The
second concave rod was placed in situ with
minimal distraction. A progressive loss of neuromonitoring signals prompted a Stagnara wake-up test which revealed
that the patient had no voluntary motion of the lower extremities. The patient was placed back under anesthesia and
both rods were loosened returning the curve to its original position. The patient was able to move all four extremities on
the repeat wake-up test. The rods were locked in situ without any correction. Postoperatively, the patient was neurologi-
cally intact and demonstrated a mild improvement in his clinical (d) and radiographic appearance (e, f ). This case empha-
sizes the dangers associated with curve correction in the surgical treatment of the congenital curve.
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Spinal Osteotomies

The selective use

of asymmetric spinal

osteotomies can help

correct deformities in

multiple planes, but must

be planned carefully

Most spinal osteotomies are based on a combination of two traditional osteoto-
mies: the Smith-Peterson and the pedicle subtraction osteotomies. Both tech-
niques were originally described for the management of flexion deformities that
occurred in rheumatoid and ankylosing spondylitis patients and have since been
extensively modified [35, 39, 41]. Frequently, as in patients with unsegmented
bars, an asymmetric osteotomy aimed at addressing the specific vertebral anom-
aly should be designed as necessary. A thin-slice or spiral CT scan is essential for
preoperative surgical planning, which can be performed through either a single
posterior approach or a combined approach. The inherent neurologic risks of
such techniques must be well understood before undertaking such a procedure.
Placement of segmental instrumentation for provisional stabilization prior to
completing the osteotomy can help to reduce the risk of uncontrolled translation
of the spine with corresponding neurologic injury.

Hemivertebra Resection

Hemivertebra at the

lumbosacral junction

causing an oblique take-off

may be best treated

with hemivertebra resection

This procedure is done either through a posterior approach only (Fig. 4), or
through a sequential or simultaneous anterior and posterior approach [7, 9, 16,
19, 20, 21, 28, 32, 33, 37]. The ultimate surgical approach selected depends on the
location of the hemivertebra, its type, whether it is segmented or not, and famil-
iarity of the surgeon with the technique. These procedures usually provide an
average of 25°–30° of correction, with some correction of the associated kypho-
sis. Perhaps the best indications are a fully segmented hemivertebra located at
the lumbosacral junction associated with an oblique take-off and pelvic obliquity
(Case Introduction). Recent publications tend to show that hemivertebra resec-
tion is safe even in the thoracic spine; however, they are clearly more dangerous
to perform and should only be carried out by experienced spine surgeons [16].

After hemivertebra excision, the correction can be achieved and maintained
by a variety of methods. Depending on the size of the patient, 4.5-mm AO screws
inserted into the pedicles with a tension band system can be used, and supra- or
infralaminar hooks with cast or brace treatment are also options [3]. In older
patients a classic pedicle screw rod system is indicated. Depending on the size
and location of the vertebra, anterior instrumentation is also an option [33].

Spinal Column Resection

Spinal column resection

may be the only way

to rebalance the spine

in patients with complex

deformities

In very complex spinal deformities the only way to rebalance the spine may be
through a spinal column resection with shortening of the spinal column. This
was described by Bradford and Tribus, and consists of an anterior approach
where one or several vertebrae are removed after a decorticated osteoperiosteal
flap has been elevated [6]. The involved vertebral bodies are removed down to
the dura, the convex pedicles are removed, and as much as possible of the concave
pedicles is removed. The posterior surgery, done in the same sitting or a few days
later, consists of removing the corresponding posterior laminae and the rest of
the concave pedicles. The spinal deformity is then corrected at the same time as
the shortening is carried out. Careful monitoring of the neurologic function is
mandatory during these exceptional procedures [6]. This procedure should be
undertaken by only the most experienced spine surgeons, and only after careful
preoperative planning and discussion with the patient and family.
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Figure 4. Techniques of hemivertebra resection (posterior only)

a During the posterior excision of the hemivertebra, the appropriate level is identified and pedicle screws are inserted
above and below the malformation. b Next the inferior facets of the hemivertebra and the vertebra above are removed
and a complete laminectomy is performed at the level of the hemivertebra exposing the neural structure. c Decancella-
tion of the vertebral body of the hemivertebra is performed with a curette. The exiting nerve root is protected during this
stage of the procedure by the medial pedicle wall. Discectomies above and below the hemivertebra are performed. The
hemivertebral excision is completed after removal of the pedicle and the remnant of the vertebral body. This is per-
formed with minimal retraction of the neural elements. d Compression with the pedicle screw rod system results in
immediate correction of the deformity. Notice that after the hemivertebra is excised, two nerve roots exit through a sin-
gle foramen and should be checked for possible nerve root compression.
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Miscellaneous Surgical Techniques

Halo Traction

The use of halo traction should be exceptional in congenital scoliosis, and it may
be dangerous for neurologic function. Its use is formally contraindicated if there
is a rigid acute component of kyphosis associated with the scoliosis. However, in
selected cases it may be a helpful adjunct, especially in order to prepare the
patient for surgery, in cases of severe respiratory compromise, or in between
staged surgery [2, 38, 46].

The Rib Expander

In the appropriate patient,

the use of halo traction, the

titanium rib expander, and

the subcutaneous growing

rod are acceptable surgical

options

The rib expander (Fig. 5) – the titanium rib expansion project developed in San
Antonio by Campbell – will allow some spine growth as well as chest and lung
expansion if carried out before the age of 8 years, to recruit more pulmonary
alveoli [10]. Its best indications are in cases of congenital scoliosis associated
with fused ribs and/or patients with thoracic insufficiency syndrome and/or
chest hypoplasia.

Subcutaneous Rods

Subcutaneous rods without fusion and subsequent lengthening may play a role in
maintaining the growth of the spine in very young children, but these procedures
do not address the area where the malformation of the spine is. They may be
combined with convex growth arrest [12]. They expose the patient to multiple
lengthening operations and carry a significant risk of complications, mostly
infections or instrument complications.

a

Figure 5. Alternative treatment
options for congenital scoliosis

In carefully selected cases the use of
a the titanium rib expander or
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d

Figure 5. (Cont.)

b–d the subcutaneous growing rod is a reasonable option for the
treatment of congenital anomalies of the spine.

Recapitulation

Epidemiology. The true incidence of congenital
scoliosis is unknown. There do not appear to be any
significant ethnic or geographic differences, al-
though there is a greater female to male ratio
(1.4 – 2.5 to 1). Most cases are non-hereditary.
Cases with a syndromic association can have a he-
reditary component with a 10 % risk to siblings and
subsequent generations.

Pathogenesis. In sporadic cases, the etiology is be-
lieved to be an insult to the fetus during the 4th–
6th week of gestation. As a result, up to 60% of pa-
tients with congenital scoliosis may have malfor-

mations in other organ systems.

Classification. The congenital anomalies are classi-
fied as either failure of formation, failure of seg-

mentation, or mixed. Examples of failure of forma-
tion are hemivertebra and wedge vertebra, while

unilateral unsegmented bars and block vertebra
are examples of failure of segmentation. In addi-
tion, hemivertebra is further classified as fully, par-
tially, or non-segmented and as incarcerated or
non-incarcerated. In general, a non-incarcerated
fully segmental hemivertebra has a worse progno-
sis for progression compared to an incarcerated
non-segmented vertebra.

Clinical presentation. Often the diagnosis of the
spinal deformity is made at the time of the prenatal
ultrasound examination or is discovered incidental-
ly. Otherwise, the child will be referred for the eval-
uation of a spinal deformity.

Physical findings. Examination should include the
skin and spine, but one should also look for any foot
or leg asymmetry, craniofacial malformations, Klip-
pel-Feil web neck, and cardiac and urinary malfor-
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mations. A thorough neurologic examination is
required.

Diagnostic work-up. The best X-rays are usually ones
taken at birth. Several Cobb angles should be calcu-
lated, one within the deformity and one over the
whole curve. The same landmarks should be used
during subsequent measurements. A 10-degree
increase in the Cobb angle is considered as progres-
sion. Occasionally, although the Cobb angle does not
change, the clinical deformity may worsen requiring
early surgical intervention. When further detail is
needed, cone down views and CT reconstructions
can provide additional detail. MRI evaluation of the
spinal column is mandatory. Furthermore an ultra-
sound examination of the genitourinary and cardiac
system should be performed as indicated.

Non-operative treatment. Observation may be
considered for non-progressive balanced curves.
Bracing in most instances is ineffective in congeni-
tal scoliosis.

Natural history and progression. The rate of pro-

gression in congenital scoliosis is directly related
to: (1) the potential for asymmetric growth and (2)
the location of the vertebral anomaly. Depending
on the location, early surgical intervention may be
required to address congenital curves that result in
significant shoulder, pelvic, or trunk imbalance.

Operative treatment. The goal is to achieve a solid
fusion and prevent further progression, to achieve

as straight a spine as possible at the end of growth.
Prophylactic surgical procedures refer predomi-
nantly to in situ fusions and hemiepiphysiodesis.
The general principle is to balance the growth by
slowing or stopping the convex side growth while
allowing the remaining concave growth potential
to catch up. Posterior spine fusion without instru-

mentation and correction with a cast is an option
in young children, but exposes the spine to the
crankshaft phenomenon. Posterior spine fusion
with instrumentation is indicated in older patients.
Anterior and posterior spine fusion with instru-
mentation can achieve a significant correction;
however, neurologic complications are a concern.
The use of spinal cord monitoring and/or a wake-
up test is strongly recommended. In selected cases
an osteotomy with subsequent corrective instru-

mentation is an option; however, the inherent neu-
rologic risks of such techniques must be well
understood before undertaking such a procedure.
Hemivertebra resection is done either through a
posterior approach only or through a sequential or
simultaneous anterior and posterior approach, and
provide an average of 25°–30° of correction. Fully
segmented hemivertebra at the lumbosacral junc-
tion may be the best indication for resection. In
very complex deformities the only way to rebal-
ance the spine may be through a spinal column
resection. In the appropriate patient, the use of
halo traction, the titanium rib expander, and the
subcutaneous growing rod are acceptable surgi-
cal options.

Key Articles

Wynne-Davies R (1975) Congenital vertebral anomalies: etiology and relationship to
spina bifida cystica. J Med Genet 12:280–88
In a study of 337 patients with congenital spinal anomalies, the author found that an iso-
lated hemivertebra or similar localizing defect was sporadic with no risk to subsequent
siblings or offspring. Patients with multiple anomalies, however, carry a 5–10% risk to
subsequent siblings.

McMaster MJ, Ohtsuka K (1982) The natural history of congenital scoliosis. A study of
two hundred and fifty-one patients. J Bone Joint Surg Am 64(8):1128
This paper provides a review of over 200 patients who were observed past the age of 10
without treatment. They found that final severity depended on the type of vertebral
anomaly, the location of the anomaly, and the age of the patient at diagnosis.

Bradford DS, Heithoff KB, Cohen M (1991) Intraspinal abnormalities and congenital
spine deformities: a radiographic and MRI study. J Pediatr Orthop 11:36–41
Forty-two patients with congenital spinal deformity were studied by MRI. Sixteen
patients (38%) had an associated intraspinal abnormality. The authors recommend MRI
in patients with congenital spinal deformities undergoing spinal stabilization.
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Key Articles

Roaf R (1963) The treatment of progressive scoliosis by unilateral growth arrest. J Bone
Joint Surg Br 45:637
One of the earliest descriptions of the use of convex growth arrest for addressing congeni-
tal scoliosis. Convex growth arrest is achieved by anterior and posterior convex fusions
resulting in continued concave growth with potential curve correction.

Bradford DS, Tribus CB (1997) Vertebral column resection for the treatment of rigid
coronal decompensation. Spine 22:1590–9
Twenty-four patients with rigid coronal decompensation underwent anterior-posterior
vertebral column resection, spinal shortening, with posterior spinal instrumentation and
fusion. Average correction of coronal and sagittal plane deformity was 82% and 87%
respectively. Although the complication rate was nearly 60% (14 patients), all patients
rated their results as either good or excellent.

Lazar RD, Hall JE (1999) Simultaneous anterior and posterior hemivertebra excision.
Clin Orthop Rel Res 364:76–84
Eleven patients underwent simultaneous anterior and posterior resection of a congenital
hemivertebra with deformity correction using posterior instrumentation. Preoperative
curves measuring an average of 47 degrees corrected to an average of 14 degrees at
28 months follow-up. There was one transient leg weakness which resolved. No long term
complications were noted.
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26
Degenerative Scoliosis

Max Aebi

Core Messages

✔ The average age of patients with degenerative
scoliosis is in the sixties

✔ Degenerative scoliosis is a form of adult scolio-
sis ( = scoliosis after bony maturity)

✔ Degenerative scoliosis can be distinguished
into primary (de novo) degenerative scoliosis
and secondary degenerative idiopathic scolio-
sis (primary curve or compensatory curves)

✔ Degenerative scoliosis can progress with time
✔ The cardinal symptoms are back pain, claudica-

tion symptoms, neurological deficit and curve
progression

✔ Cosmesis does not play an important role
✔ Patients with back pain in degenerative scoliosis

need to be individually evaluated for surgery

✔ Clinical signs and symptoms as well as comor-
bidities determine the extent of surgery

✔ The primary goal of the treatment is not curve
correction but the control of back pain and
claudication symptoms

✔ A decompression at the apex of the curve
needs to be stabilized and fixed in order to pre-
vent curve progression

✔ The loss of lordosis is often the main reason for
back pain, and sagittal realignment is crucial

✔ The fixation of the lumbosacral junction in the
stabilization of a deformed lumbar spine
remains controversial

Epidemiology

Degenerative scoliosis can be differentiated into two major groups, i.e., primary
degenerative scoliosis or de novo scoliosis (after skeletal maturity) and second-
ary degeneration of adult idiopathic scoliosis or scoliosis of other etiology [1, 7].

Slow progression

of degenerative scoliosis

is common

The prevalence of scoliosis in patients older than 50 years is about 6%, includ-
ing patients with secondary degeneration of adult idiopathic scoliosis as well as
patients with degenerative or de novo scoliosis [6, 7, 14, 17], and the average age
of those seeking medical care with degenerative scoliosis is in the sixties. There
is a potential for curve progression with an average of 3.3° a year (Case Introduc-

tion). Degenerative scoliosis, which occurs on the basis of idiopathic scoliosis of
less than 30°, usually does not tend to progress; however, curves greater than 50°
have a tendency to progress an average of 1–2° a year.

Nevertheless, for primary degenerative scoliosis, there is no scientific evi-
dence which really documents the full complexity and extent of the natural his-
tory. For instance, degenerative scoliosis occurs more frequently in male
patients than adult idiopathic scoliosis, which is more frequent in females. There
are several aggravating factors in patients with degenerative scoliosis, mostly
due to the advanced age of patients, who have several comorbidities such as dia-
betes, heart disease, pulmonary disease, and osteoporosis, factors which play a
significant role in the assessment and decision-making for treatment [3, 8, 11,
18, 25].
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Case Introduction

Female patient with a 22-year history of low back pain and a de novo scoliosis (primary degenerative scoliosis) exemplify-
ing the natural history of this scoliosis type. The patient first sought medical help for low back pain at the age of 33 years.
The radiograph exhibited a short left-convex lumbar scoliosis (8°), which in retrospect can be attributed to a disc degen-
eration of L3/4 (disc space narrowing) and an asymmetry at the L2/3 level (a). At that time, the patient was treated with
NSAIDs and physiotherapy with some improvement. However, she was never really pain-free. When she was 50 years old,
she had increasing back pain with radiating pain mostly into the right anterior thigh. In the meantime, the patient
entered menopause, and the curve now measured a Cobb angle of 25° with a lateral translation and rotation of L3
toward the left side (b). Five years later the curve measured 40°, an average 3° curve increase per year. The curve was now
clearly identifiable as a short, left-convex curve from L2–L4 (end vertebrae) (c). The overall frontal balance was still more
or less in equilibrium. However, the sagittal profile converted toward a lumbar kyphosis. The patient now complained
not only about difficulty of controlling back pain, but also about classical claudication symptoms when walking
400 – 500 m. The pain disappeared when resting. The back pain was much less when resting in bed, but increased when
standing up in the vertical position. The translation/rotation of the apical vertebra L3 had also increased compared to
5 years previously. This curve demonstrates a truly progressive degenerative de novo adult scoliosis, which ended with
the complete set of symptoms and signs which finally necessitate surgery. This process involves a mechanical deteriora-
tion of the lumbar spine, which expresses itself in clinical signs and symptoms related to instability, mostly axial-vertical
instability with some translational component, central canal and/or foraminal neurocompression, fatigue of unbalanced
paravertebral muscles and finally curve progression. The understanding of the natural history and behavior of such a pri-
mary degenerative scoliotic curve may help to make a decision for or against relatively early surgery. In the case of early
surgery, the intervention may be more limited and simple, both for the patient and the surgeon.

The prevalence

of degenerative scoliosis

is increasing

Degenerative scoliosis seems to be becoming more frequent in an increasingly
aging society for several reasons, which may include the more aggressive and pre-
cise diagnosis than was possible 20 years ago, a different perception of pain in a
modern urbanized society, and the desire of a large component of our society to be
active in sports and to pursue leisure activities also after retirement. It seems, how-
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ever, that degenerative scoliosis is not a characteristic disease of industrialized
society, since the same pathology can be observed in other, less developed socie-
ties [7].

Pathogenesis

Primary (de novo)

degenerative scoliosis

results from segmental

degeneration

Primary degenerative adult scoliosis, specifically in the lumbar spine, is charac-
terized by a quite uniform pathomorphology and pathomechanism [1]. The
asymmetric degeneration of the disc and/or the facet joint leads to an asymmet-
ric loading of the spinal segment and consequently of a whole spinal area. This
again leads to an asymmetric deformity, for example scoliosis and/or kyphosis
[6, 14]. Such a deformity again triggers asymmetric degeneration and induces
asymmetric loading, creating a vicious circle (Fig. 1a). The destruction of discs,
facet joints and joint capsules usually ends in some form of uni- or multisegmen-
tal sagittal and/or frontal latent or obvious instability. There may not only be a
spondylolisthesis, meaning a slip in the sagittal plane, but also translational dis-
locations in the frontal plane or rather three-dimensionally when the instability
expresses itself in a rotational dislocation [15].

The biological reaction to an unstable joint or, in the case of the spine, an
unstable segment, is the formation of osteophytes at the facet joint (spondylart-
hritis), and at the vertebral endplates (spondylosis), both contributing to the
increasing narrowing of the spinal canal together with the hypertrophy and calci-
fication of the ligamentum flavum and joint capsules, creating central and reces-
sal spinal stenosis (Fig. 2). The pathomorphological and pathomechanical rela-
tionship directly relates to the clinical presentation of an adult degenerative scoli-

The progressive degenera-

tion and deformity often

leads to central and

foraminal stenosis

osis (Fig. 1b). The osteophytes of the facet joints and the spondylotic osteophytes,
however, may not sufficiently stabilize a diseased spinal segment. Such a condi-
tion leads to a dynamic, mostly foraminal stenosis with radicular pain or claudi-
cation type pain, specifically when the spine is loaded vertically.

a b

Figure 1. Pathogenesis of degenerative scoliosis

a Degenerative scoliosis results from a close interaction of asymmetric loading, degeneration and deformity. b The clini-
cal symptoms are closely related to the pathomorphology.
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Figure 2. Degenerative changes

Deformity and spinal imbalance lead to secondary degeneration, i.e., facet joint arthrosis (hypertrophy), disc degenera-
tion, spondylosis spurs and osteophytes, and calcified ligaments as a biological reaction with the goal of stabilizing the
spine. As a consequence spinal stenosis develops. When decompression is performed destabilization results.

Classification

Degenerative scoliosis forms a major part of the adult scoliosis group. This group
comprises a wide spectrum of different pathologies, which may look very similar
at the end-stage, when many patients are seeking help from a spine surgeon for
the first time [15]. These patients usually have a long history of back pain and spi-
nal discomfort and have undergone all the possible symptomatic treatment
modalities such as exercise, acupuncture, braces and other complementary med-
ical measures as well as pain medication.

There is no established classification system for degenerative scoliosis [1, 7].
However, the most important distinction is between primary degenerative scoli-
osis and secondary degenerative scoliosis (Table 1).

Table 1. Classification of degenerative scoliosis

Primary (de novo) degenerative scoliosis Secondary degenerative scoliosis

) develops de novo after skeletal maturity ) results from degenerative alterations of
curves existing prior to skeletal maturity

Classification systems

or degenerative idiopathic

scoliosis is inadequate to

describe de novo scoliosis

Several attempts have been made to elucidate some systematic structure in this
kind of pathology. A classification on the basis of the curve type, very much as in
the idiopathic scoliosis classification by Lenke [21], has been proposed. This clas-
sification may be able to cover the adult idiopathic scoliosis group with second-
ary degeneration but is not necessarily adequate for the primary degenerative
scoliosis type. Another attempt at classification has recently been presented by
Schwab et al. [13, 27], who distinguished three groups based on measurements of
the endplate obliquity of L3 in the frontal plane, and of the lumbar lordosis mea-
sured between the L1 and S1 superior endplates in the sagittal plane of a standard
X-ray.
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This is obviously a classification which can be applied solely to primary degener-
ative lumbar scoliosis. The three distinct types with increasing severity from
Type 1 to Type 3 are:

) Type 1 – lordosis >55°, L3 obliquity <15°
) Type 2 – lordosis 35–55°, L3 obliquity 15–25°
) Type 3 – lordosis <35°, L3 obliquity >25°

The interesting characteristic of this classification is the attempt to correlate the
objective radiological findings with the self-reported pain and disability.

We have recently proposed an etiological classification which basically distin-
guishes three types, Type 3 being subdivided into two subtypes [1]:

) Type 1 – primary degenerative scoliosis (“de novo” form), mostly located in
the lumbar or thoracolumbar spine.
) Type 2 – progressive idiopathic scoliosis in adult life of the thoracic, thora-

columbar and/or lumbar spine. A rough distinction can be made between
adult idiopathic scoliosis in patients less than 40 years of age and those aged
over 40 years.
) Type 3 – secondary degenerative scoliosis comprising:

Subtype 3a: degeneration of secondary curves following idiopathic or other
forms of scoliosis or occurring in the context of a pelvic obliq-
uity due to a leg length discrepancy, hip pathology or a lumbo-
sacral transitional anomaly, mostly located in the thoracolum-
bar, lumbar or lumbosacral spine.

Subtype 3b: scoliosis secondary to metabolic disease (mostly osteoporosis)
[18] combined with asymmetric arthritic disease and/or verte-
bral fractures.

There is no classification

gold standard

The clinical entity of an adult degenerative scoliosis can indeed be present since
childhood or adolescence and can become progressive and/or symptomatic only
in adult life [5, 24], or a scoliosis may appear de novo in adult life only without
any precedence in early life. In this chapter we deal predominantly with Type 1
scoliosis, partially with Type 3a and only marginally with Type 2. The chapter is
not closed over the classification issue, since an ideal classification must be sim-
ple, easy to apply and imply treatment options that are designed to correlate well
with the clinical picture and outcome.

Clinical Presentation

History

Patients with adult degenerative scoliosis seek medical help for four major rea-
sons [1, 6, 7, 16, 23], which also present as cardinal symptoms:

) back pain
) claudication symptoms and/or radicular pain
) neurological deficits
) increasing deformity (curve progression)

Cosmesis does not have the same significance as in adolescent scoliosis; neverthe-
less recent studies show that the self-perception of scoliotic adult patients plays an
important role in a health assessment analysis [13]. The clinical picture as out-
lined above can be substantially aggravated by concomitant osteoporosis [18]. Patients have a long history

of back pain before they

complain of claudication

symptoms

Usually these patients have a long history of back pain and only in a second
stage do they complain about leg pain, claudication symptoms and difficulty, for
instance, climbing or descending stairs. Most of these patients experience pain
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when in an upright position under an axial load and are more or less pain free
when lying down. Most of them report loss of height over time and some patients
have increased pain when turning in bed or twisting during physical activity,
which relates to a certain instability of the deformed and mechanically weakened
spine.

Back Pain

Back pain is often

related to instability

Back pain is the most frequent clinical problem of adult scoliosis, and presents
itself with a multiform mosaic of symptoms. Back pain at the site of the curve can
be localized either at the apex or in its concavity, and facet joint pain can be local-
ized in the counter curve from below the curve to above the curve [32, 33]. Back
pain can be combined with radicular leg pain, and can be the expression of mus-
cular fatigue or of a real mechanical instability. Unbalanced, overloaded and
stressed paravertebral back muscles may become very sore and in return will not
contribute to balance the muscle play, consequently becoming part of a vicious
circle. This is especially true when the lumbar curve is accompanied by the loss
of lumbar lordosis [10, 15, 20]. This muscular pain is rather diffuse, is distributed
over the lower back and is often permanent at the insertion of the muscle tendons
at the iliac crest, sacrum, os coccyx and bony process of the spine. The back pain
can be constant and non-specific, which is a bad prognostic sign regarding the
treatment outcome. The pain, however, can be present only when the patient is
upright, especially when standing and sitting, presenting itself as a so-called

Patients often complain

of axial back pain due to

segmental instability

axial pain or only during certain movements or physical activities, pointing
rather to a mechanical unstable segment or a whole spinal region. Patients often
indicate that they can control their pain well when lying down flat or on their side
and when the axial load is taken off the spine.

Spinal Claudication

Claudication is the second most important symptom of adult degenerative scoli-
osis and may express itself as:

) radicular claudication
) central claudication

Central, lateral and recess

stenosis are frequent

The symptoms become worse when standing or walking. The patient can have a
true radicular pain due to a localized compression or root traction. The roots are
compressed not necessarily on the concave side due to a narrow foramen, but
often on the convex side, rather expressing a dynamic overstretch of the root [20,
32, 33]. There may, however, be a single or multilevel spinal stenosis which can be
central or more in the lateral recess creating claudication symptoms. Root com-
pressions can occur at the bottom of the curve or at the transition to the sacrum
and can be linked to a hypermobility of an overloaded bottom segment, espe-
cially in cases of stiff curves. Short lumbosacral or lumbar curves as counter
curves to long fused thoracolumbar scoliosis often show a severe spinal stenosis
at the transition from the stiff upper spinal area to the lower lumbosacral area.

Neurological Compromise

Neurological deficits

occur late

Neurological deficit is the third most important clinical presentation and may
include individual roots, several roots or the whole cauda equina with apparent
bladder and rectal sphincter problems. An objective neurological deficit, how-
ever, is rare and when present is due to a significantly compressed space in the
spinal canal with a relatively acute aggravation and decompensation. A seques-
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Figure 3. Neurological compromise

Sequestrated disc with neurological radicular deficit in a
severely degenerated lumbar scoliosis in a 79-year-old frail
female patient at the concave side of level L4/5. Since the
decompression needed to be done within the curve close
to the apex, an additional stabilization of the L4/5 joint has
been done in order to avoid a possible progression of the
curve and the deterioration of the neurological findings.

tered or calcified disc within the curve may be the cause of such an acute neuro-
logical deficit. It can be accentuated or only become clinically relevant due to a
latent or obvious segmental instability (Fig. 3).

Increasing Deformity

Osteoporosis accelerates

curve progression

Finally, increasing deformity due to curve progression is a relevant sign of degen-
erative scoliosis [23, 24]. Curve progression may be an issue from the moment
the curve occurs in younger age. It may, however, only become relevant when the
curve has reached a certain size and/or when osteoporotic asymmetric collapse
may contribute significantly to the curve [18]. Once a curve has reached a certain
extent of curve degrees, the progression will automatically follow due to the axial

Larger curves tend to

progress faster than small

curves for biomechanical

reasons

mechanical overload of individual facet joints and/or osteoporotic vertebral
bodies. The progression of the curve may well be an indication for surgical treat-
ment. Surgeons need to be aware of the amount of aggravation which may occur
when no surgery is done. The increasing age of patients should be borne in mind
along with all the medical consequences which automatically increase the risk of
a surgical intervention [25, 26, 29, 31]. Therefore, a surgical intervention may
occasionally be indicated in order to avoid further progression and degeneration
in a patient with potential medical risks.

Physical Findings

The clinical examination usually easily demonstrates a patient with a deformed
back or trunk once the curve has progressed beyond about 35°. Examination
with the patient in the standing position may reveal:

) an oblique pelvis
) a lumbar or thoracic hump
) an unequal shoulder level
) an asymmetric lumbar triangle
) loss of lordosis (flatback)
) loss of sagittal and coronal balance

The hump is often already visible in the standing position but more so when the
patient is bending forward. A counter rib hump is an expression of a primary or
compensatory thoracic or thoracolumbar scoliosis. Severely deformed patients
may stand with flexed knees to shift their anterior trunk in balance back into a Note sagittal and coronal

imbalanceposition over the center of the pelvis. This out-of-balance position in the sagittal
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plane is due to the lumbar flat back or kyphosis. Usually, patients are still quite
mobile in spite of a radiologically relatively stiff curve. The lumbar triangle is
usually accentuated on the concave side and flat on the convex side. The side
bending as well as flexion and extension of the lumbar curve is usually very lim-
ited in progressed curves. Neurological deficits are rare and can vary from some
sensory radicular signs to paraparesis due to a complete stenosis of the spinal
canal or rarely a multilevel radicular syndrome. Reflex anomalies may occur in
isolation or in combination with other neurological deficits. Sometimes the dis-
tinct neurological deficit has to be correlated with the target muscles of the spe-
cific lumbar roots.

Diagnostic Work-up

The relevant diagnostic measures in patients with degenerative scoliosis consist
of both imaging studies and interventional radiological studies. Laboratory tests
are only necessary as a preoperative evaluation for patients planned to undergo
surgery.

Imaging Studies

Very often the whole armentarium of imaging studies is necessary to understand
the complexity of a curve and specifically, if present, the concomitant neurologi-
cal signs or deficits.

Standard Radiographs

Full body standing

radiographs are

indispensable

Whole spine X-rays where the center of the skull and the pelvis are visible are
necessary in both the frontal and the lateral planes. Spot views predominantly of
the lumbar spine are necessary to analyze the affection by the scoliosis in the dif-
ferent segments. Oblique radiographs are helpful in exploring facet joint alter-
ations and foramina. Functional views including side bending as well as flexion/
extension films are necessary. Functional radiographs are better performed with
the patient in the supine position than under axial load. If performed with the
patient in the supine position, there is a need for the physician to attend the X-ray
capture of the patient. On standard radiographs there may be clues [14, 15] as to
whether a scoliosis is truly a primary degenerative scoliosis or rather a secondary

Radiographs sometimes

exhibit clues to the etiology

of the curve (primary

vs. secondary)

degenerative scoliosis (Fig. 4). It is important to look at earlier radiographs to
understand the natural history and therefore the etiology of the curve. The sagit-
tal contour of the lumbar spine is important in terms of pain and outcome since
curves with a loss of lordosis <25° are usually painful and have a more complex
treatment requirement [13].

Magnetic Resonance Imaging

Magnetic resonance imaging is the imaging modality of choice to explore neural
compromise and disc degeneration. Coronal views are very helpful in assessing
neural compromise in relation to the curve. However, degenerative scoliosis is
often very polymorphic with MRI due to the complex pathology, parts of which
may still be difficult to understand and may leave us uncertain as to what the
leading pathology is. For example, deformity may be interpreted on one of the
MRI cuts as spinal stenosis since the whole deformity is not in the same plane;
however, the patient has no signs of spinal stenosis at all.
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Figure 4. Primary and secondary degenerative scoliosis

a, b Secondary degenerative scoliosis on the basis of an idiopathic scoliosis is usually more strongly expressed, c, d less
osteoporotic and longer than a primary degenerative scoliosis . In both end stages there are translational and rotational
dislocations of individual vertebrae.

Computed Tomography

Computed tomography with or without a myelogram is the diagnostic imaging
method of choice in the case of diagnostic uncertainties related to the three-
dimensional curve pattern, precise localization of root compressions and their
correlation with clinical findings.

Interventional Radiological Procedure

In the context of the evaluation of the pain source, spinal injection studies (see
Chapter 10 ) are especially helpful since their findings may change the therapeu-
tic approach [1, 20, 33]. Helpful interventional studies are:

) provocative discography
) facet joint blocks
) nerve root blocks
) epidural blocks

Injection studies are

sometimes helpful in

identifying the pain source

It is important, for instance in lumbar curves, to find out whether the pain occurs
within the curve or below the main curve, or whether it usually involves L4/5 and
L5/S1, or rarely whether it is above the curve at the thoracolumbar junction.
Since the pain can be generated in one or several segments, it is recommended to
perform the discograms or the facet blocks sequentially in order to isolate the
really painful segment. In addition, discography can be used as a pain provoca-
tion test as well as a pain elimination test (i.e., injecting local anesthestic possibly
with some steroids). The test is double positive when pain is first elicited during
injection and disappears shortly after the injection. The selective use of epidural
blocks at stenotic levels or selective nerve root blocks is another helpful tool to
identify the level clinically relevant to the symptomatology on the one hand and
as a therapeutic tool on the other hand in case surgery is not feasible or is decided
to be delayed.
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Additional Diagnostic Tools

A temporary immobilization

cast can reveal mechanical

back pain

If, despite all of these tests, the pain remains unexplained, it may in rare cases be
helpful to put on a temporary immobilization cast in the form of a thoracolum-
bar orthosis (TLO) or thoracolumbosacral orthosis (TLSO) to see whether an
overall stabilization and fusion of the whole scoliotic spinal area could be benefi-
cial for the patient, specifically in cases of an overall tendency of the spine to stat-
ically collapse.

In elderly people with degenerative scoliosis, with plain predominant symp-
toms of claudication, leg pain and multilevel stenotic segments in the imaging
studies, neurophysiologic studies (see Chapter 12 ) may be helpful to identify
the level responsible for the clinical presentation. A clear topographic diagnosis
would certainly help to minimize the surgery in these patients.

Osteodensitometry (DEXA) is indicated whenever there is a suspicion of oste-
oporosis because of the implications with regard to curve progression and poten-
tial spinal fixation.

Non-operative Treatment

The indication for or against surgery and, more specifically, the type of surgery
to be performed involves complex decision-making [1]. Certainly, surgery is only
an option when the non-surgical measures have no effect or do not have the pros-
pect of any relevant long-term help.

The general objectives of treatment derive from the cardinal symptoms of
degenerative scoliosis (Table 2):

Table 2. General objectives of treatment

) relieve pain ) reverse neurological deficit
) eliminate spinal claudication ) prevent curve progression

The non-surgical treatment options basically consist of:

) non-steroid anti-inflammatory drugs (NSAIDs)
) muscular relaxation
) pain medication
) muscle exercises

Figure 5. Therapeutic
options
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) gentle traction (in selected cases)
) spinal injection studies
) orthosis

Manipulations should be

avoided

Manipulations and physical activation should be avoided because they may
increase the pain. Therapeutic epidural and selective nerve root blocks as well as
facet joint blocks may help to control the pain temporarily. Sometimes, a well-fit-
ted brace to support the painful spine area may be necessary [23].

In order to plan the most promising therapeutic approach for each patient, a
clear understanding of the prominent symptoms or clinical signs is mandatory.
The symptoms and clinical signs can be addressed by various therapeutic treat-
ment modalities (Fig. 5).

Operative Treatment

The decision about

treatment approach and

type of surgery is complex

A surgical approach to degenerative adult scoliosis is obviously complex in terms
of decision-making, e.g., ascertaining the surgical indication and choosing the
patient and the procedure appropriately.
The technical difficulties, however, are equally relevant. The aggravating factors
and difficulties with this type of surgery are manifold. Curve magnitude and age
of the patient are, for instance, significant predictors of curve flexibility [2, 4, 29,
31]. The understanding of this association allows the treatment options over time
to be better addressed. The possible surgical technique can be divided into:

) posterior procedures
) anterior procedures
) combined procedures

In all these procedures, a simple decompression or stabilization with pedicle
screws [2, 4, 8, 22, 28] can be done alone or in combination. In some cases, addi-
tional correction may be considered, either by clearly defined osteotomies or by
sequential segmental corrections through instrumentation. This is particularly
of interest in combined sagittal/frontal rigid deformities.

The goals of the various treatments depending on curve type are summarized
in Table 3.

Table 3. Surgical treatment options

Scoliosis type Decompression Correction Posterior stabilization
and fusion

Anterior stabiliza-
tion and fusion

Primary (de novo)
degenerative scoli-
osis (lumbar, thora-
columbar)

) rarely laminectomy,
often necessary by
laminotomy, en-
largement of lateral
recess and foramen

) not a primary objec-
tive (depends on pain
pattern and spinal
balance)

) usually posterior stabili-
zation and posterolat-
eral fusion sufficient.
Occasionally selectively
combined with PLIF in
younger patients.

) usually not neces-
sary

Secondary lumbar
or thoracolumbar
degenerative sco-
liosis (idiopathic
curves)

) often necessary in
elderly patients with
a long-lasting his-
tory, not so much in
younger patients

) in younger patients
correction possible

) usually posterior stabili-
zation and posterolat-
eral fusion sufficient.
Occasionally PLIF in
younger patients

) usually not neces-
sary. As stand
alone procedure
possible in youn-
ger patients

cave thoracic curve:
overall balance man-
datory

Progressing idio-
pathic curve in
patients younger
than 40 years (tho-
racolumbar curves)

) rarely necessary ) younger patients: cor-
rection and balanced
spine desired. Com-
bined anterior/poste-
rior release often nec-
essary

) posterior pedicle fixa-
tion posterolateral
fusion, pedicle based

) anterior stand
alone surgery at
the thoracolum-
bar junction pos-
sible
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Decompression Procedure

Decompression alone may

result in curve compression

The type of decompression used depends on the extent of necessary decompres-
sion. There is the option to decompress microsurgically the lateral recess and/or
the foramen or to perform a more extensive canal enlargement by laminotomy,
hemilaminectomy, or laminectomy to address the crucial compressive lesion. If
two adjacent segments need to be decompressed, a laminectomy can be consid-
ered, specifically when a surgical stabilization is foreseen. Whether maintenance
of the integrity of the vertebral arches is necessary in a stabilized and fused spine
is not clear, but it may prevent scarring of the dural sac.

Besides the direct decompression as mentioned above, there is the possibility
of indirect decompression occurring on correction of deformity and realign-
ment of the spine. The older the patient and the longer lasting the degenerative
scoliosis is, the more carefully this concept has to be applied. Adhesion of the
dural sac due to scarring between the dura and the hypertrophied ligamentum
flavum and facet joint capsules, and sometimes directly to the bone, may induce
traction and/or compression of neural elements with consecutive neurological

The pros and cons of direct

of indirect decompressions

must be carefully weighed

deficit. The benefits of correction of the curve therefore have to be carefully
weighed against the direct decompression. The idea that osteophytes and bony
spurs may disappear over time in a stabilized and fused segment may leave the
patient with sometimes persistent symptoms for quite a long time. The recom-
mendation is to explore the crucial roots after a corrective measure by small fen-
estration of the spinal canal in order not to miss a possible persistent compres-
sion or traction of a neural element.

Correction Procedures

Sagittal balance

is most important

Whether or not a degenerative scoliosis should be corrected remains a crucial
and complex question. The treatment of a degenerative scoliosis has different
goals than the treatment of adolescent scoliosis. While in the latter the goal is pre-
vention of curve progression and cosmetic improvement, degenerative scoliosis
requires the relief of back and leg as well as claudication symptoms. Correction
has to address spinal imbalance, which is mainly in the sagittal plane [1].

Whether a degenerative scoliosis should be corrected or not, depends on sev-
eral factors:

) age
) cardinal symptoms
) coronal balance
) sagittal alignment
) curve rigidity
) rigidity of the adjacent spine

Age

The need for curve correc-

tion decreases with age

The older the patient, the less necessity there is to correct the deformity. Correc-
tion may induce diffuse back pain in elderly patients, which may be due to the
age-related inability to adapt to a new muscle balance. A correction may be nec-
essary if there is a clear frontal imbalance. The correction may, however, rather
consist in a localized osteotomy than in an overall correction of the curve. An
additional sagittal imbalance needs to be corrected in most cases of chronic back
pain in the context of a degenerative deformity [13, 20]. The correction has to
reach the plumb line falling from the projection of the outer auricular canal onto
the femoral head.
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Cardinal Symptoms and Imbalance

Curve correction is indicated

in the presence of significant

coronal or sagittal imbalance

A curve correction is indicated in patients with chronic back pain without a
localized pathomorphology (e.g., painful facet joints) and a clear coronally and
sagittally unbalanced spine. In younger patients, treatment consists of an
overall curve correction. A localized osteotomy is more appropriate in elderly
patients.

Curve Rigidity

Rigid severe curves require

anterior release

In a completely rigid curve, specifically in elderly patients, a correction usually is
not necessary except if the back pain is related to the imbalance of the curve. The
correction of a rigid curve may be achieved either by a localized corrective osteo-
tomy (transpedicular reduction osteotomy) preferentially in elderly patients, or
alternatively by a multilevel release and mobilization of the facet joints with oste-
otomies in the joints and an overall correction through reduction of the mobi-
lized spine to a pre-contoured rod. A rigid thoracolumbar curve >70° usually
needs a combined approach [19, 20] (Case Study 1).

Rigidity of the Adjacent Spine

Postoperative coronal

imbalance is a risk

In the case of a lumbar or thoracolumbar degenerative curve which is adjacent to
a rigid (fused or ankylosed) idiopathic thoracic curve, any correction of the lum-
bar spine has to be well thought through. Because of the rigid thoracic curve, the
spine may fall completely out of balance following a lumbar correction. In youn-
ger patients rarely it may be necessary to add a mobilizing osteotomy to the
upper curve to effect a necessary lumbar correction.

Surgical Techniques

The armentarium of surgical techniques for the correction of degenerative scoli-
osis consists of:

) posterior release
) anterior release
) wedge osteotomies
) transpedicular reduction osteotomies

Posterior release can be achieved through mobilization and osteotomies of the
facet joints. This procedure may be accompanied by an anterior release when sig-
nificant osteophytes and intervertebral disc calcifications exist. If posterior
release and facet joint osteotomies are not sufficient, wedge osteotomies of the
arches (Fig. 6) may provide further correction. For a significant localized correc-
tion, a bilateral or unilateral transpedicular reduction osteotomy (Fig. 7) may be
necessary at one, two or three levels. The correction of the lordosis in severe flat
back syndrome can best be achieved by a pedicular reduction osteotomy when an
anterior and posterior release is not sufficient.

In all the above-mentioned methods a posterior pedicle-based instru-
mentation is necessary [2, 8, 12, 22, 32]. The correction is done by contouring
the rod in the desired shape and by pulling and/or pushing the pedicle
anchorage toward the rod. One possibility is to adapt the rod to the curve – in
the lumbar spine on the convex side – and to rotate the rod, which is inserted
in the pedicle anchorage (screws or pedicle-based hook screws) into the lor-
dosis. An alternative is to bend and adapt the rod in situ to the best possible
contour.
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Figure 6. Smith-Peterson arch osteotomy

This technique creates lordosis and is usually applied to one or multiple levels. a The interspinous ligament and the
adjoining spinous process are resected with a rongeur and the interlaminar ligamentum flavum is removed in the mid-
line, from where lateral osteotomies are carried out bilaterally, through the facet joints in the direction of the interspinal
foramina. b These osteotomies are directed laterocranially, at an angle of 30 – 40 degrees to the horizontal. The desired
slot width of 5 – 7 mm is obtained by using a suitably wide rongeur. If there is a lateral overhang, the osteotomies are
made slightly larger on the convex side. The osteotomy gap is closed by a tension banding pedicular fixation one or two
levels above or below. With one single osteotomy approximately 10 degrees of correction can be achieved.

Unilateral cage insertion

facilitates segmental

correction

A further methodology to achieve specifically short distance correction in the
lumbar spine without performing osteotomies consists of complete mobilization
of a deformed segment with complete removal of the disc through either an ante-
rior or a posterior approach and using a unilateral cage or tricortical bone graft
by either an anterior lumbar interbody fusion (ALIF) or a posterior lumbar inter-
body fusion (PLIF) procedure.

In the case of a uniquely posterior procedure, a posterolateral intertransverse
fusion is done by autologous bone graft, either collected from laminar bone dur-
ing the decompression procedure and/or the iliac crest, or by an allogeneic bone
graft from a bone bank or a combination of autologous/allogeneic bone, which
can still be augmented by, e.g., granular tricalciumphosphate.

An isolated anterior release and stabilization is seldom applicable and may
work in younger patients at the thoracolumbar junction by sparing segments
from inclusion into the fusion. In cases where anterior surgery is done, it is
mostly a combined front and back procedure [19].

Avoid fusion to the sacrum

in young patients

Debate continues on the indications for a lumbosacral fusion. Only general
recommendations can be given [9, 12, 30]. In young patients with secondary
degenerative scoliosis, it is better to omit L5/S1 from fusion whenever possible in
order to prevent iliosacral joint degeneration or an early hip problem. It is also
usually preferable to stop at L4 in a lumbar curve whenever possible. However, a
fusion to the L5 vertebra is necessary when the condition of the L4/5 facet joint is
poor (Case Study 1). This obviously leads to an overload of the L5/S1 segment.
However, it is difficult to predict the time when the secondary facet arthritis will
occur, and possibly a good sagittal alignment will delay this substantially. The
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Figure 7. Pedicle reduction osteotomy

a The osteotomy is started by removing the posterior arch including the facet joints until only the pedicle stump at the
transition to the posterior wall of the vertebral body is left with also the transverse process removed. b The pedicle stump
is then excavated continuously into the vertebral body, which is emptied by means of an “eggshell” procedure. c The
remaining posterior bridge between the two wholes of the pedicle stumps is then resected by a large Kerrison rongeur.
d The created “empty” wedge is then closed under compression by means of a posterior pedicle-based tension banding
system.

Add an interbody fusion

when fusion to the sacrum

is intended

patient, however, needs to be informed that secondary surgery may become nec-
essary later [9, 12, 30]. When fusion to the sacrum cannot be avoided, it is
important to add an interbody fusion to decrease the risk of a non-union. This
can either be done by an anterior (ALIF) or a posterior (PLIF) approach (Case

Study 2).
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Case Study 1

A young female teacher presented with progressive idio-
pathic scoliosis. At the age of 35 years the curve measured
62° (a). Three years later the curve had progressed to 75° (b).
With curve progression, the patient developed incapacitat-
ing back and leg pain and was unable to work. The major
curve progression occurred during pregnancy. All conserva-
tive treatment failed and the patient decided to undergo
surgery. A left bending functional radiograph shows only
some correction of the curve (c). The patient presented with
lumbar kyphosis which needed to be addressed (d). Com-
bined anterior/posterior surgery was performed. First, an
anterior release through a minimally invasive thoracophreni-
columbotomy from the left side was done and the interver-
tebral disc spaces of T12/L1, L1/L2, L2/L3 and L3/L4 were
released and filled with a hybrid of corticocancellous bone
combined with beta-tricalciumphosphate ( q -TCP) for an
anterior fusion. Second, for posterior release and facet joint
osteotomies, correction was done in conjunction with recon-
struction of the lumbar lordosis and a posterolateral fusion
from T9 to L5. Radiographs at 18 months follow-up show res-
toration of lumbar lordosis and coronal balance (e, f ).
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Case Study 2

A 39-year-old female patient presented with incapacitating back pain due to a progression of adult idiopathic scoliosis
(Type 2) (a). There was no evidence of claudication symptoms or radicular pain. Non-operative treatment did not result
in persistent pain relief. The preoperative lateral radiograph shows a significant loss of lumbar lordosis (3°) (b).
The postoperative radiographs show a restoration of lordosis to 22° and circumferential fusion with PLIF at the lumbosa-
cral junction in order to avoid non-union. Frontal correction of the scoliosis was satisfactory (c, d).

Recapitulation

Epidemiology. Primary degenerative scoliosis de-
velops de novo after skeletal maturity and needs to
be distinguished from the secondary degenerative

changes of a curve already present at the end of
growth. The prevalence of scoliosis in patients old-
er than 50 years is about 6% including both types.
Degenerative scoliosis is more prevalent in males
than in females. The overall prevalence is increasing
due to the aging population.

Pathogenesis. Primary degenerative scoliosis results
from segmental instability and degeneration of inter-
vertebral discs and facet joints, often resulting in ante-
rior and lateral displacement. The body counteracts
the instability by a thickening of the ligaments, lum-
bar spondylosis and facet joint hypertrophy causing
central and foraminal stenosis. The clinical symptoms
closely relate to the pathomorphological alterations.
Secondary degenerative scoliosis results from asym-

metric loading and dysbalance of the spine.

Clinical presentation. The cardinal symptoms are
back pain, claudication symptoms, radicular pain,

neurological deficits and increasing deformity. Back
pain is often related to spinal instability. Cosmetic
aspects are not a predominant complaint in con-
trast to adolescent scoliosis. Claudication symp-
toms are very frequent but neurological deficits ap-
pear late. The clinical assessment must focus on the
sagittal and coronal balance as well as on the sagit-
tal profile (flat back, thoracolumbar or lumbar ky-
phosis). Concomitant osteoporosis must be as-
sessed.

Diagnostic work-up. Standing whole body anterior
and posterior radiographs are indispensable for a
clear understanding of the curve and the etiology.
A differentiation of primary and secondary degen-
erative scoliosis is difficult in advanced stages be-
cause spinal rotation and lateral displacement can
be present in both types. MRI is the imaging modal-
ity of choice to show disc degeneration and neural
compromise. CT and combination with myelogra-
phy are sometimes necessary to better demon-
strate the three-dimensional character of the curve
and neural impingement. Provocative discography
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as well as facet joints, nerve root and epidural
blocks often allow the identification of the source
of the pain. Neurophysiologic studies and osteo-
densitometry are helpful in selected cases.

Treatment. Non-operative treatment consists of
NSAIDs, physiotherapy, spinal injection studies and
orthosis. However, conservative treatment cannot
prevent progression of the curve. The general

goals of surgery derive from the cardinal symp-
toms: resolution of back pain and claudication
symptoms, reversal of neurological deficits, and
correction of deformity or prevention of curve pro-
gression. In elderly patients, decompression may
suffice if the main symptom is spinal stenosis. Care
must be taken not to further destabilize the spine.
The correction procedures consist of anterior, pos-
terior or combined interventions. The choice of the
technique depends on age, cardinal symptoms,
coronal balance, sagittal alignment, curve rigidity,

and rigidity of the adjacent spine. In elderly
patients, posterior release is sufficient to realign the
spine. A severely rigid curve in young individuals
usually requires a combined anterior/posterior
release. When anterior and/or posterior release is
insufficient, wedge osteotomies or transpedicular

reduction osteotomies are indicated to rebalance
the spine. Posterior pedicle screw fixation is the
standard fixation technique. Posterolateral fusion
with autograft, allograft or bone substitutes accom-
panies spinal instrumentation in almost all cases.
Only in young individuals with short segmental
curves is anterior release and instrumented fusion
advisable. Sagittal and coronal rebalancing as well
as reshaping the sagittal contours (flat back) are
crucial for a good outcome. Fusion to the sacrum
should be avoided whenever possible in young
individuals. However, if fusion to the sacrum can-
not be avoided, an interbody fusion is mandatory
to reduce the risk of non-union.
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with a resulting flat back deformity. These patients commonly present in the 6th decade
of life with predominant claudication symptoms but often lack the classic feature of relief
in a sitting posture. The number of male and female patients was approximately equal.
Roentgenogram findings show a high angle deformity over a short number of spinal seg-
ments and an absence of bony features associated with idiopathic scoliosis such as lateral
vertebral wedging and alterations of the lamina.

Grubb SA, Lipscomb HJ (1992) Diagnostic findings in painful adult scoliosis. Spine
17(5):518–527
Fifty-five adults with painful scoliosis were evaluated with regard to diagnostic findings.
The curves were 49% adult degenerative onset and 44% idiopathic. The older degenera-
tive patients had myelographic defects most commonly within the primary curve and
multiple abnormal, not necessarily painful, discs throughout the lumbar spine on discog-
raphy. The idiopathic group had myelographic defects most commonly in a compensa-
tory lumbar or lumbosacral curve. On discography, all idiopathic patients had at least one
abnormal, painful disc, and 88% had their pain reproduced. Pain-producing pathology
was frequently identified in areas that would not have been included in the fusion area
according to accepted rules for treatment of idiopathic scoliosis.
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Key Articles

Swank S, Lonstein JE, Moe JH, Winter RB, Bradford DS (1981) Surgical treatment of
adult scoliosis. A review of two hundred and twenty-two cases. J Bone Joint Surg Am
63:268–87
Classical case series which predominantly deals with secondary degenerative scoliosis.

Ponseti IV (1968) The pathogenesis of adult scoliosis. In: Zorab PA (ed) Proceedings of
Second Symposium on Scoliosis Causation. E & S Livingstone, Edinburgh
A comprehensive treatise on the pathogenesis of adult scoliosis by one of the pioneers of
scoliosis surgery.
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Spondylolisthesis

Clayton N. Kraft, Rüdiger Krauspe

Core Messages

✔ Spondylolisthesis is the end result of various
distinct causes

✔ Spondylolisthesis is a disorder of the entire
lumbosacral junction and spondylolysis is a
result of a stress fracture

✔ Not every radiographically evident slippage
causes clinical symptoms

✔ Standard radiographs are the imaging modality
of choice for a first assessment

✔ Oblique radiographs may demonstrate a pars
defect not visible on the lateral view

✔ In the presence of neurologic deficit, MRI is the
imaging modality of choice

✔ Multi-slice CT with image reformation detects
pars defects not visible on standard radio-
graphs

✔ Treatment rationale is based on the etiology of
the disorder, degree of slippage, intensity of
pain, and neurologic symptoms

✔ The vast majority of patients with spondylolis-
thesis can be treated non-operatively

✔ The primary aim of all surgical options is to
achieve stability, prevent progression and
decompress neurologic structures

✔ The surgical technique (posterolateral fusion in
situ, instrumentation and posterolateral fusion
with or without interbody fusion) depends on
the surgeon’s familiarity with the approach as
well as on the deformity

✔ Reduction of low-grade spondylolisthesis is not
the primary aim of surgery but may be neces-
sary to decompress foraminal stenosis

✔ There is continuing debate on the subject of
reduction of high-grade spondylolisthesis

✔ The L5 nerve root is at high risk when reducing
high-grade spondylolisthesis because of a tether-
ing effect

✔ Anterior buttressing (interbody fusion) is
needed when a slipped vertebra is reduced
and/or distracted

✔ Frequent complications after spondylolisthesis
surgery are non-union and postoperative nerve
root compromise

Epidemiology

There is a gender and ethnic

factor to spondylolysis

and spondylolisthesis

Spondylolysis is not the only cause of spondylolisthesis, only the most intensively
studied one. Lumbar spondylolysis occurs in the general population at the rate of
around 5% [36, 49]. Based on data published by Fredrickson et al. [24], the rate
of spondylolysis is less than 4.4% for children under the age of 6 years and
approximately 6% for adults. According to Grobler and Wiltse [27], Caucasian
males are significantly more frequently affected than black females, indicating
that there is a gender as well as an ethnic factor underlying the condition. This
presumption is underlined by a recent study by Whitesides et al. [115], who were
able to demonstrate that in different ethnic groups there is a genetically deter-
mined difference in the upper sacral tilt, which again is associated with the
occurrence of pars defects. Sports with intensive

hyperextension and rotation

of the spine may cause

pars defects

Numerous studies have shown that young athletes engaged in strenuous train-
ing in sports that incorporate intensive hyperextension and rotation of the lum-
bar spine have a predisposition to spondylolysis and subsequent spondylolis-
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Case Introduction

Thirty-six-year-old patient with developmental spondylolisthesis L5/S1 Meyer-
ding Grade IV. The patient initially consulted a GP with low-back pain and was
treated with a brace and further conservative measures moderately success-
fully over a period of 2 years. Sciatica, the beginning of neurologic deficit in the
form of numbness in the left leg as well as mild vesical incontinence on sneez-
ing and coughing led to presentation in our clinic. Neurologic assessment, con-
ventional radiographs (a), and MRI (b) led to the diagnosis. Posterior lumbar
interbody fusion (PLIF) with placement of two PEEK cages filled with autolo-
gous spongiosa was subsequently performed as a one-step procedure. An
improvement of spinal realignment from Meyerding Grade IV to Meyerding
Grade I–II (c) was achieved. Postoperatively the patient had a transitory L5
weakness, which quickly improved and subsided completely after 10 days
without revision surgery. One year after surgery, realignment is still held and
there is bony bridging between L5 and S1 (d).

thesis. In comparison to their age group, female adolescent gymnasts have a
nearly four times increased probability of stress fractures of the pars interarticu-
laris [40]. A further example is professional bowlers and cricket players who
show stress lesions of the pars on the non-dominant side [84].

Even high-grade

spondylolisthesis can

remain asymptomatic

Because even severe forms of spondylolisthesis can clinically remain
completely asymptomatic, the true incidence of the condition in the general pop-
ulation remains a matter of speculation. For developmental spondylolisthesis,
most studies report rates of around 3%, though depending on the ethnic group
assessed significantly higher incidences of up to 50% have been reported [9, 36,
42, 49, 90]. The incidence of spondylolisthesis in adult white males is reported to
be 5–6% and in females 2–3% [86]. According to Roche and Rowe [86], the most

The incidence is 5 – 6 % in

males and 2 – 3 % in females

frequent localization is L5–S1 in 82%, followed by L4–L5 in 11.3%, L3–L4 in
0.5% and L2–L3 in less than 0.5%. Of the acquired slippages, the degenerative
type is the most frequent one. Degenerative spondylolisthesis is common in
individuals older than 50 years [85]. In a radiographic study, Valkenburg and
Haanen [112] showed that approximately 10% of females over 60 years of age had
degenerative spondylolisthesis. Based on autopsy data, Farfan [23] found a 4.1%
incidence for the condition. Previous studies have indicated that the condition
occurs four times more frequently in women and is most commonly seen at
L4–L5 [58].
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Pathogenesis

For a better understanding, it is worthwhile very briefly summarizing the mor-
phology and biomechanics of the lumbar spine and lumbosacral joint. Put sim-
ply, the spine is a two-column structure, with the anterior column consisting of
vertebral bodies and discs and the posterior column composed of bony and liga-
mentous structures. The sacrum acts like a bony shelf and thereby supports the
proximal spinal column. The orientation of the sacrum plays a pivotal role in the
development of spondylolisthesis and is influenced by pelvic rotation, hip exten-
sion and lordosis [95]. Normal sacral inclination varies between 40° and 60° and
the relationships between sacral slope, pelvic inclination and lumbar lordosis are

High-grade isthmic

spondylolisthesis is a

kyphotic disorder of the

lumbosacral junction

dependent on the pelvic incidence, a parameter which is unique to every individ-
ual [22]. A high pelvic incidence results in high shear forces at the lumbosacral
junction and has been shown to be associated with an increased degree of slip-
page [17, 39, 95]. Without the osteoligamentous complex of the posterior column,
with the pars interarticularis acting as a bolt uniting the superior and inferior
facets and the pedicle acting as a bridge to the ventral column, spinal stability
would be severely compromised. To ensure that spinal stability is maintained
during gait or other complex dynamic functions, an intricate interaction
between the neuromuscular system, the bony and ligamentous structures as well
as the viscoelastic discs is needed [30].

Spondylolysis is a result

of a stress fracture

of the pars interarticularis

Motion is passively restricted by the ligaments and posterior facets and,
depending on their orientation and size, the flexion-extension, axial rotation and
lateral bending of each individual spinal segment is defined. Resistance to tor-
sion depends on the integrity of facet joints and resistance to lateral bending is
dependent on the integrity of the disc and the iliolumbar ligaments. Resistance to
flexion is primarily dependent on the capsular ligaments of the facet joints. The
disc, interspinous ligaments as well as the ligamentum flavum are only secondary
flexion restraints [1]. Loads applied to the lumbosacral spine are shared between
the disc and the posterior articulations [2]. While compression is resisted by the
disc, shear is resisted by the disc and posterior elements as well as the stabilizing
muscles [18, 110]. The effective distribution of loads shared by the posterior ele-
ments and the intervertebral disc varies with posture [75]. When failure of the
pars interarticularis occurs, which is usually due to a stress induced fatigue frac-
ture in adolescence [120], the disc is confronted with excessive shear, flexional
and rotational forces and this dissociation of the ventral from the dorsal column
may subsequently result in slippage, since the anulus fibrosus cannot resist the
shear forces.

Spondylolisthesis is a

biomechanical disorder

of the entire lumbosacral

junction

With this very simplified morphological and biomechanical model, an
attempt has been made to communicate that pathologies of the pelvis, the sacral
plateau or the vertebrae themselves may be the cause of localized or even global
spinal imbalance which can ultimately result in the entity of spondylolisthesis.

Classification

Common classification

systems are those

of Wiltse/Rothmann

and Marchetti/Bartolozzi

Due to the complex underlying pathologies which may lead to spondylolisthesis,
numerous classifications have been propagated over the years [54, 56, 77, 78, 118,
119]. Of these, the two classification systems that have remained relevant are
those of Wiltse and Rothman [118] and Marchetti and Bartolozzi [56] as they are
applicable to all forms of lumbar spondylolisthesis and are simultaneously clini-
cally relevant in terms of treatment decision [30]. While the former is an ana-
tomic classification (Table 1), the latter is etiology based (Table 2) with two main
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Table 1. Anatomic classification (according to Wiltse and Rothman [118])

Types Description

I. Dysplastic In this type congenital abnormalities of the upper sacrum or the arch of
L5 permit the olisthesis to occur

II. Isthmic The lesion is in the pars interarticularis. Three subtypes can be recog-
nized:
A. Lytic failure
B. Elongated but intact pars
C. Acute fracture

III. Degenerative Due to long-standing intersegmental instability

IV. Traumatic Due to fracture in other areas of the bony hook than the pars

V. Pathological There is generalized or localized bone disease

Table 2. Etiology-based classification (according to Marchetti and Bartolozzi [56])

Developmental Acquired

High dysplastic Traumatic Pathologic
) with lysis ) acute fracture ) local
) with elongation ) stress fracture ) systemic

Low dysplastic Postsurgical Degenerative
) with lysis ) direct ) primary
) with elongation ) indirect ) secondary

categories differentiating between primary developmental deficiencies and sec-
ondary acquired spondylolisthesis. The Marchetti classification is almost self-
explanatory and due to the avoidance of confusing terminology in our opinion
seems to be more up to date.

In contrast to Wiltse’s, the Marchetti classification avoids the term “isthmic”
and does not differentiate between developmental and acquired forms of slip-
page. Both types may have defects of the pars interarticularis, yet they present
different pathologic processes [30]. Also, the term “congenital” is incorrectly
used for some subtypes which develop at a later age and are not present at birth.
Despite these shortcomings, the Wiltse categorization is without doubt the most
frequently used and surgeons treating spinal deformities should be familiar with
it. It was modified in 1989 by Wiltse and Rothmann [119] to include an extra sub-
type of spondylolisthesis resulting from prior surgery.

Clinical Presentation

Patients with spondylolysis

or spondylolisthesis may

be clinically asymptomatic

Patients with spondylolysis or spondylolisthesis may be asymptomatic and never
present for medical evaluation. Those that seek medical advice do so with a vari-
ety of symptoms. By carefully scrutinizing the information yielded by the
patient, an experienced physician can draw conclusions about the underlying
pathophysiologic mechanisms.

History

A thorough history should be taken with regard to the pain history:

) onset
) intensity
) quality of back pain
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Severity of spondylolisthesis

does not correlate with

symptoms

The severity of the deformity does not always correlate with the magnitude of
pain. Generally, high-grade spondylolisthesis is rarely diagnosed in adults, as
many become apparent in adolescence and are then surgically managed. Patients
presenting with Grade IV spondylolisthesis may be asymptomatic even though
their posture is markedly distorted. There are reports of almost asymptomatic
massive slippages with good sagittal balance in adults and evidence of bony sta-
bilization by spontaneous fusion [33].

Make sure that the

radiographically obvious

pathology is the pain source

Occasionally, an asymptomatic adult may develop back or radicular pain as a
result of proximal lumbar disc pathology, bringing the spondylolisthesis to light
for the first time. Particularly in these cases, care must be taken to ensure that the
correct diagnosis is made as the spine surgeon’s attention is easily distracted by
the obvious deformity present.

The cardinal symptoms are [70]:

) mechanical low back pain (worse on motion, better on rest)
) leg pain (sciatica)

Mechanical LBP may

result from abnormal

load distribution

Mechanical back pain is thought to be due to abnormal distribution of load
across the vertebral endplate following disc degeneration [63, 64]. Despite con-
ventional beliefs, the hypothesis that degenerative spondylolisthesis is associated
with increased motion remains to be proven. Some studies even suggest the con-
trary [61, 97]. The bandwidth and intensity of pain is variable and may be of sud-
den onset, chronic or intermittent. Patients may note aggravation with position
transition such as changing from sitting to standing [88] and are often
completely pain free on rest. The leg pain can be distinguished as:

) referred
) radicular

This depends on the presence of a true neural (mostly foraminal) compromise.
Additional but less frequent symptoms are:

) discogenic back pain (worse on sitting and forward bending)
) facet joint pain (worse on standing and backward bending)
) numbness and tingling
) motor weakness
) claudication symptoms

Discogenic, facet-joint

and neurogenic, referred

pain may coexist

in spondylolisthesis

Discogenic back pain can result from secondary disc degeneration in the olis-
thetic or adjacent segment [37, 98]. Subsequent degenerative changes of the
bone and ligamentous complex lead to spur formation, hypertrophy, subchond-
ral sclerosis and destruction of the facet joints causing facet joint pain [98]. Neu-
rogenic claudication is produced by spinal stenosis secondary to slippage and
hypertrophy of the ligamentum flavum and facet joints encroaching into the spi-
nal canal. Pain along the buttocks and both legs may occur with standing or
walking and is frequently associated with dysesthesia, numbness or weakness of
the legs.

Most high-grade

spondylolistheses become

apparent during adolescence

In children, the findings are very variable. In a large collective of 415 patients,
Lafond [45] found that only approximately one-quarter of patients with spondy-
lolysis or spondylolisthesis experienced complaints before 20 years of age, but
only 9% sought medical attention during childhood or adolescence. In children,
most high-grade developmental spondylolisthesis develops significant slippage
during the adolescent growth period [33, 51], and this is usually when symptoms
occur [36].

Several risk factors for this progression such as age, sex, spina bifida and dys-
plasia have been identified [12]. Back pain in young children and adolescents
always raises suspicion of an underlying spondylolysis. Adolescents with symp-
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tomatic high-grade spondylolisthesis often have sciatic pain that can develop
into a sciatic crisis known as:

) Phalen-Dixon sign

Young patients may present

with a sciatic crisis known

as the “Phalen-Dixon sign”

This includes sciatic pain, vertical sacrum and pelvis, lumbosacral kyphosis,
tight hamstrings, and an unusual pelvic waddling gait [33, 51]. This is caused by
compression of the cauda equina and subsequent spasm of the ischiocrural mus-
cle group. Irritation of the L5 and S1 nerve root explains sciatica.

Physical Findings

Patients should very

carefully be neurologically

assessed

Physical examination should be performed to distinguish referred from radicu-
lar symptoms, to document spinal sagittal alignment and spinal mobility and to
establish the presence of any neurologic deficits. Particularly, the sensory and
motor function needs to be checked. In the light of medicolegal issues, it seems
prudent to document these findings very precisely or even refer the patient to a
neurologist to document the findings.

Depending on the extent of slippage, children and adolescents may present
with:

) hyperlordosis of the lumbar spine
) sagittal malalignment (lumbosacral step-off)
) trunk deviation (Case Study 2)
) flexed knee position
) tight hamstrings
) paraspinal muscle spasm
) gait disturbance (in high-grade spondylolisthesis)
) Lasègue’s sign
) sensorimotor deficits
) bowel and bladder dysfunction (very rare)

Since scoliosis can be observed in conjunction with spondylolisthesis, trunk
deviation and back asymmetry must be searched for.

In adults and elderly patients, the physical findings often vary from those of
children and rather depend on secondary segmental degeneration. Physical
examination may even be unremarkable. However, frequent findings are:

) tight hamstrings
) sensorimotor deficits
) pain on backward bending and rotation (often facet joint pain)
) pain on forward bending (often discogenic pain)
) pain on extension from the forward bent position
) limitation of walking distance

Pain in adults with

spondylolisthesis is

frequently due to secondary

segmental degeneration

Pain provocation on specific movements can indicate the source of the pain (e.g.
facet joint or discogenic pain). However, these findings are variable and the
actual prediction of the pain source is not very reliable. Yet, these signs provide
a hint as to which structures should be further explored with spinal injections.

Differential Diagnosis

Patient radiographs

and clinical presentation

need to be closely correlated

Degenerative spondylolisthesis may be an asymptomatic roentgenographic find-
ing [98]. Belfi et al. [7] demonstrated a 5.7% prevalence of spondylolysis and a
3.1% prevalence of spondylolisthesis in asymptomatic patients. Radiographs
should therefore not be overinterpreted, as numerous spinal pathologies can give
rise to back and/or leg pain. Similar symptoms as found in spondylolisthesis can
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also be induced by spinal stenosis, central disc herniations or scoliotic deformi-
ties. Osteoarthritis of the hip is found in about 15% of patients with degenerative

Degenerative spondylolis-

thesis and hip joint OA

coincide in about 15 %

of cases

spondylolisthesis and commonly radiates to the anterior thigh and thus mimics
an L3 or L4 radiculopathy [5]. Peripheral vascular disease is common in the
elderly and may cause very similar symptoms to spinal claudication. Diabetic
neuropathy can usually be clinically differentiated from a painful radiculopathy.
As with all spinal pathologies, radiographs should be scrutinized for signs of
spondylodiscitis or primary/metastatic tumor disease.

Syndromes which are associated with spondylolisthesis are:

) neurofibromatosis I [16]
) Marfan syndrome [99, 122]
) Tricho-rhino-phalangeal syndrome [103]
) Ehlers-Danlos syndrome [76]
) myelomeningocele [101]

Spondylolisthesis associated with abnormal bone and/or soft tissue constraints is
rare and reports on these remain mostly anecdotal. Despite this, they should be
pointed out because they can occur at unusual anatomic sites and, depending on the
pathogenesis, may cause neurogenic injury as they can be high grade even with an
intact neural arch [53]. Metastatic and primary bone tumors involving the spine are
usually located in the vertebral body, and may of course cause significant structural
weakening of the bone or supporting soft tissue of the dorsal column, with subse-
quent slippage of varying degrees. Less obvious are pathophysiological mecha-
nisms based on a systemic bone disease. Several studies have shown that spondylo-
listhesis is seen in a significant number of women with osteoporosis [107, 113, 114].
Interestingly, approximately 1/3 of the slips they identified were posterior. Appro-
priate treatment of these patients, who more often than not have concomitant mas-
sive degenerative changes, will depend on the amount of slippage and symptom-
atology as well as the neurologic findings. The usual methods of decompression,
stabilization and fusion will be indicated [53]. A further, though far rarer, example
is osteogenesis imperfecta, which may lead to an elongation of pedicles or pars, and
due to static moments and gravity severe slippage can occur [32, 52].

Diagnostic Work-up

Imaging

Standard Radiographs

Search for “Scottie dog”

with a collar on oblique

radiographs

Conventional anteroposterior and lateral radiographs should be performed as an
initial assessment. In high-grade spondylolisthesis, the slipped vertebra contours
a shape on the anteroposterior radiograph similar to an “inverted Napoleon’s
hat” (Fig. 1a). Very often the pars defect is already visible on the lateral view
(Fig. 1b). If a slippage or pars defect is not clearly visible, oblique (45° angled)
radiographs are helpful (Fig. 1c). In case of a pars defect, the “Scottie dog” wears
a collar (Fig. 1d).

Functional radiographs may give valuable information concerning spontane-
ous repositioning of a slip, which may be useful in planning surgery. However,
functional views have failed to reliably demonstrate an instability [25] and the
motion within an olisthetic segment can even be less than in a normal segment.

Meyerding’s grading

of slippage is widely used

A simple and easily applicable grading of the spondylolisthesis is the grading
system according to Meyerding [65]. The original grading included four grades.
However, it has become international convention that completely slipped verte-
brae (spondyloptosis) are defined as Grade V (Fig. 2).
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Figure 1. Radiographic findings

a On the anteroposterior radiograph it appears that there are only
four lumbar vertebrae, but L5 has slipped in front of S1 (spondylopto-
sis) and its contour resembles an “inverted Napoleon’s hat”. b Stan-
dard lateral radiograph showing a developmental (isthmic) spondy-
lolisthesis L5/S1 Meyerding Grade II with a clearly visible pars defect.
c Oblique radiograph showing a pars defect at the level of L4
(arrows). d Schematic drawing of the so-called “Scottie dog”. The pars
defect shows up as a “collar”.

Figure 2. Meyerding grading of spondylolisthesis

The anteroposterior diameter of the sacrum is separated into quartiles. Slippage within the first quartile is graded as
Grade I, etc., up to the fourth quartile, where it is Grade IV. Spondyloptosis is classified as Grade V.

Various measurements have been advocated to closely describe the normal anat-
omy of the lumbosacral junction (Fig. 3a) [12, 44, 121]. The most important mea-
surements are:

) percent of anterior displacement (Fig. 3b) according to Taillard [108]
) slip angle (Fig. 3c) according to Boxall et al. [12]
) percent of rounding of top of sacrum (Fig. 3d)
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Figure 3. Measurements of spondylolisthesis

a The angle between a line across the cranial border of S1 and the horizontal plane comprises the sacrohorizontal angle.
The lumbosacral angle is found by first defining the longitudinal axis of the lumbar spine, i.e. the perpendicular line to
the bisector of the lumbosacral angle. The sacrohorizontal angle is formed by this line and the longitudinal axis of S1
(perpendicular line to the cranial border of S1). b The percent anterior slippage is defined as a percentage of the antero-
posterior diameter of S1 according to Taillard. c The slip angle is defined by a line along the inferior border of S1 and a
line perpendicular to the longitudinal axis of the sacrum. d The rounding of the sacral dome is expressed as the relation
of the maximum anteroposterior diameter of the sacrum to the sacral dome [12, 121].

A high slip angle indicates

progression risk

The latter three measurements allow an estimation of the risk of slip progression.
A high slip angle in conjunction with a rounded sacrum increases the risk of a
slip progression in children.
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Bone Scans

Bone scans are particularly

useful in children

and adolescents

According to Willburger [116], bone scans are particularly valuable in children
and adolescents as they allow the differentiation between acute (fresh fracture)
and chronic pars defects. This has clinical implications insofar that there is a
good chance of successful conservative management of a fresh pars defect or
imminent stress fracture, while older lesions usually do not heal with non-opera-
tive management. In adults, where acute lesions are rarely found, the sensitivity
of a bone scan is poor [81].

Computed Tomography

CT is of particular value

if surgery is planned

By means of CT, an excellent assessment of bony anatomy can be made and with
evaluation of the pars interarticularis imperative information concerning the
type of spondylolisthesis can be gathered. Normally, the usual gantry is angled
perpendicularly to the pars defect increasing the risk of overlooking a pars
defect. It is therefore recommended to angle the gantry parallel to the pars inter-
articularis, i.e. perform a so-called reversed gantry CT (Case Study 1) or use
multi-slice CT with image reformation. However, this technique is not necessary
with multi-slice CT, which allows reformation of the images in the desired plane.
CT scans can demonstrate a pars defect as well as facet hypertrophy and the pedi-
cle anatomy (size, trajectory), which is of importance if surgery is planned.

a

b

c

d

Case Study 1

A 14-year-old female presented with acute
severe back pain worse on motion with tight
hamstrings. Bilateral spondylolysis L4/5 was
diagnosed only after a CT scan using the
reversed gantry technique (a, b) was per-
formed. A bone scan demonstrated an uptake
at the location of the lysis on both sides indi-
cating an acute fracture (not shown). Conser-
vative treatment with a lumbar brace treat-
ment including the right thigh for 8 weeks was
started (c). Pain subsided very rapidly. At
4 months, the patient was symptom free. A
control CT scan at 1 year postoperatively dem-
onstrated healing of the acute pars fracture
(d). The patient was symptom free and regai-
ned all desired activities. (Courtesy of Univer-
sity Hospital Balgrist).
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Figure 4. MRI characteristics of spondylolisthesis

Isthmic spondylolisthesis Grade II at the level of L5/S1. a The T2-weighted image demonstrates the pseudo disc hernia-
tion (black arrow), endplate (Modic) changes Type II (arrowheads) and a hyperintense zone (annular tear) in the L4/5 disc
(white arrow). b The parasagittal T1-weighted image demonstrates the severe foraminal stenosis with compression of
the exiting L5 nerve root (arrow). c The T2-weighted axial image demonstrates mild to moderate facet joint osteoarthritis
at the L4/5 level

CT is helpful for

preoperative planning

Placement of pedicle screws can be difficult when pedicles are dysplastic and CT
is therefore helpful for preoperative planning. CT scans may also be useful in
determining which cases warrant decompression in addition to fusion [59]. Sag-
ittal reconstructions are helpful for exploring the adaptive changes within the
olisthetic vertebrae and their subadjacent vertebrae such as the erosion and
rounding off of the sacral dome in lumbosacral spondylolisthesis [44].

Magnetic Resonance Imaging

If neurologic structures are

compromised, MRI is the

imaging modality of choice

MRI easily allows the depiction of a spondylolisthesis but it is sometimes difficult
to exactly localize the lysis. For the further diagnostic assessment, MRI is the
method of choice. Characteristic findings in patients with spondylolisthesis are
(Fig. 4):

) olisthetic vertebra (Fig. 4a)
) foraminal stenosis (Fig. 4b)
) pseudo disc herniation (Fig. 4a)
) cauda compression
) disc degeneration in the olisthetic and superior segment (Fig. 4a)
) hyperintense zone (HIZ) in the anulus (annular tears) (Fig. 4a)
) endplate abnormalities (Modic changes) (Fig. 4a)
) facet joint osteoarthritis (upper adjacent level) (Fig. 4c)
) tethered cord (very rare)

Invasive Imaging Studies

Provocative Discography

This invasive method is in our opinion only justified if surgery is planned. The
slipped vertebra often causes a secondary degeneration of the upper adjacent
intervertebral disc. In cases with mild disc degeneration, the question arises
whether the upper level should be included. In this case, provocative discography
(see Chapter 10 ) can be helpful in deciding whether the upper disc level is pain-
ful and should therefore be included in the fusion.
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Nerve Root Block

A nerve root block can be helpful in deciding equivocal cases of neural compres-
sion and radiculopathy (see Chapter 10 ). Particularly in degenerative spondylo-
listhesis, a nerve root block can be also used to support non-operative treatment.

Functional Myelography

CT myelography has been surpassed by MRI for the vast majority of indications.
However, it is helpful in cases with:

) contraindications for MRI (e.g. pacemaker)
) functional stenosis
) postoperative (iatrogenic) spondylolisthesis

Particularly in postoperative

spondylolisthesis,

myelography and

postmyelo-CT are valuable

Myelography alone is of limited use. Because a complete block of contrast fluid is
occasionally found, the degree of pathology, especially of nerve root compres-
sion, is not adequately visualized. Without doubt there is the advantage of envis-
aging the implications of lumbar flexion/extension for the spinal canal (Fig. 5),
yet in our opinion the invasive method only has true value if a consecutive CT
myelography is performed. In cases where a postoperative spondylolisthesis is
suspected (Wiltse Type IV), we routinely perform myelography and myelo-CT.
This enables us to determine the degree of instability as well as the amount of
postoperative scarring, which is important for planning surgery.

a b

Figure 5. Functional myelography

a, b Functional myelography of an unstable spondylolisthesis demonstrating a narrowing of the spinal canal in extension
at the level of L4/5 compared to flexion.
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Non-operative Treatment

In the management of spondylolisthesis, the spine specialist needs to take into
account various important aspects which will crucially influence the treatment
decision and modality (Table 3):

Table 3. Factors influencing treatment

) natural history ) neurologic deficit
) grade of slippage ) severity of complaints
) lumbosacral anatomy ) duration of symptoms
) age ) comorbidities

Natural History

Low-grade spondylolisthesis

in adults is usually

a benign condition

with little progression

Some spondylolistheses progress to severe deformities yet are associated with no
or only mild pain and no neurologic deficit and are uncovered only incidentally.
Other slips progress very little but produce significant symptoms [30]. While nat-
ural history is benign in low-grade adult spondylolisthesis, there is a high ten-
dency for slip progression in children. High-grade slips almost always necessitate
surgical treatment; yet low-grade slips can be managed non-operatively in the
majority of cases. The risk of slip progression is very high in the presence of a

A rounded sacral dome pre-

disposes to slip progression

lumbosacral deformity and a rounded sacrum dome, which often leads to a high-
grade slip and a lumbosacral kyphotic deformity. In adults with low-grade spon-
dylolytic, degenerative or postsurgical spondylolisthesis (Meyerding I and II),
the natural history of the condition is usually benign [4, 24]. While progressive
deformity might well occur due to increase in degeneration at the slipped seg-
ment, the incidence and magnitude of such progression is small [44]. Often,
independently of slippage, back pain improves when the disc space has
completely collapsed. In only 30% of these cases does slippage progress, and
about 75% of the patients who are initially neurologically intact do not deterio-
rate over time [58]. These are the patients who will respond to a conservative
treatment. Conversely, most patients (about 80%) with a history of neurogenic
claudication or vesicorectal symptoms deteriorate with poor final outcome [98].
In view of these results, the indications for surgery should without doubt be
stringently met and individualized.

In view of this, treatment is dependent on the presence of a neurologic deficit
either caused by a foraminal or a central stenosis. Treatment should therefore
also take into account severity and duration of symptoms and comorbidities.

With regard to the aforementioned aspects an etiology-based recommenda-
tion of treatment modality can be given (Table 4).

Conservative Treatment Options

The vast majority of spondy-

lolisthesis patients can be

treated non-operatively

In general, the vast majority of patients with spondylolisthesis can be treated
non-operatively (Table 5).

In patients with favorable indications for non-operative treatment, acute pain
should be controlled with:

) activity modification (bedrest <3 days)
) pain medication
) anti-inflammatory drugs
) muscle relaxing drugs

Spondylolisthesis Chapter 27 745



Table 4. Guidelines for treatment

Etiology Age Low grade (Meyerding I–II) High grade (Meyerding III–IV)

Asymptomatic Back pain only Back and neuro-
logic symptoms

Back pain only Back and neuro-
logic symptoms

Developmental children no treatment mostly
non-operative

surgical surgical surgical

adults no treatment mostly
non-operative

mostly surgical non-operative
or surgical

surgical

Degenerative adults no treatment non-operative
or surgical

usually surgical non-operative
or surgical

usually surgical

Postsurgical children no treatment attempt
non-operative

surgical surgical surgical

adults no treatment attempt
non-operative

surgical surgical surgical

Pathologic children depending on
etiology

depending on
etiology

depending on
etiology

depending on
etiology

depending on
etiology

depending on
etiology

Trauma children depending on
slippage

surgical surgical

adults surgical surgical surgical

Table 5. Favorable indications for non-operative treatment

) no neurologic deficit ) high patient comorbidity
) tolerable pain threshold ) improvement by exercise program
) short duration of symptoms ) improvement by brace treatment

In patients without

neurologic deficit,

a sufficient conservative

management program

is a prerequisite before

surgery is contemplated

This is followed by a therapeutic exercise program with paraspinal and abdomi-
nal strengthening to improve muscle strength, flexibility, endurance and balance
(see Chapter 21 ). If pain does not subside sufficiently, the use of a brace or
orthoses may be beneficial.

Radicular symptoms in spondylolisthesis are a result of a herniated disc or a
foraminal stenosis. In these cases, non-operative management is not equally suc-
cessful when compared to mechanical low back pain. However, this does not
mean that conservative care is inefficient. However, leg pain may require a longer
trail of non-operative care to evaluate the efficacy [5]. The non-operative treat-
ment can be supported by spinal injections (see Chapter 10 ) to reduce inflam-
mation and thus temporarily or even permanently eliminate leg pain:

) epidural blocks
) spondylolysis block
) nerve root blocks

In patients with chronic recurrent back and leg pain a sufficient period of conser-
vative management should be performed before operative options are seriously
contemplated. It is essential that the surgeon is certain that the symptoms are in
fact a result of the slippage. Non-spinal causes of leg pain need to be contem-
plated and excluded.

Children and adolescents

with a low-grade

spondylolisthesis are usually

treated conservatively

Children and adolescents with a low-grade spondylolisthesis (Meyerding I
and II) are mostly treated non-operatively; yet particularly in adolescence these
need to be closely observed, as it is then that they are most likely to progress [12,
33, 51]. One of the most important measures for dealing with pain is the stretch-
ing of the hamstrings. These exercises will improve the clinical condition in the
vast majority of the cases.
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An acute pars defect can be

treated conservatively

with a pantaloon cast

In young patients with an acute pars defect, a lumbar brace treatment including
one thigh is a valuable treatment option. The rationale is that by minimizing flex-
ion-extension movements of the lumbar spine, the brace will stabilize the acute
fracture allowing the lysis to heal by bony bridging [72]. Furthermore the brace
usually diminishes the pain significantly. This treatment is performed for
6–12 weeks, depending on the age and the symptoms of the patient (Case Study 1).

There are no given rules as to how long non-operative treatment should be
continued. Generally speaking, if there is no neurologic deficit, intensive conser-
vative management should be tried over a period of at least 3–6 months. How-
ever, surgery should not be postponed in patients when clinical symptoms are
concordant with the morphological alterations and an adequate trial of non-
operative therapy has failed.

Operative Treatment

General Principles

The choice of surgical treatment greatly depends on the etiology as well as the
degree of slippage as outlined above. General objectives of surgical treatment are
to:

) prevent further slip progression
) stabilize the segment
) correct lumbosacral kyphosis
) relieve back and leg pain
) reverse neurologic deficits

Both patient age and degree of slippage differentiate absolute and relative indica-
tions (Table 6):

Table 6. Indications for surgery

Absolute indications Relative indications

) progressive neurologic defits
) slip progression in children/adolescents

) minor, non-progressive neurologic deficits
) radicular and claudication symptoms

) high-grade spondylolisthesis in children
) severe lumbosacral kyphosis with gait

disturbance

) mechanical low-back pain non-responsive
to non-operative care

Progressive slips in

children should be

treated operatively

High-grade developmental spondylolisthesis in adolescents should almost
always be treated operatively. Those presenting with a sciatic crisis known as the
Phalen-Dixon sign need immediate medical attention in the form of intravenous
analgesics, bedrest and close neurologic monitoring. If the severe pain does not
subside quickly or neurologic deficit is observed, early surgical management
should be strived for. It must be pointed out that high-grade spondylolisthesis
with either lysis or elongation of the pars constitutes a treatment challenge for
even the most careful surgeon [94]. High-grade spondylolisthesis (Meyerding III
and IV) in adults is treated according to the symptoms and biological age of the
patient. While the young, otherwise healthy adult will biomechanically benefit
from correction of deformity parameters and realignment of the spine with the
sacrum, the elderly patient with comorbidity may only need decompression.
Although Möller and Hedlund [69] were able to show that surgical management There is no general

consensus on the optimal

treatment regime for adult

spondylolisthesis

of adult spondylolisthesis can provide favorable clinical outcomes compared to a
supervised exercise program, there is no general consensus as to what constitutes
the optimal non-operative or operative treatment regime. The decision to recom-
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mend surgery to an adult patient with spondylolisthesis must therefore be indi-
vidualized very carefully. Almost all cases of traumatic spondylolisthesis in the
adult will need surgical management.

Surgical Techniques

Spondylolysis Repair

An acute pars defect

can be directly repaired

by osteosynthesis

In symptomatic cases with a very slight slippage and a verified fresh pars defect,
an osteosynthesis using the Morscher screw and hook [35, 73] or direct repair by
screw fixation (Buck’s fusion [6, 14]) (Fig. 6) or figure of eight wiring (Scott’s
technique [19, 96]) may be justified.

Each fixation technique significantly increases stiffness and returns the inter-
vertebral rotational stiffness to nearly intact levels. Importantly the displacement
across the defect is significantly suppressed by all these instrumentation tech-
niques; yet the least motion is allowed with the screw-rod-hook fixation or Buck’s
technique [19], making these the method of choice. The prognosis for these tech-
niques is primarily determined by the time of surgery and whether displacement
has already taken place. Overall direct osteosynthesis seems to be a compara-
tively safe and effective treatment method, independent of which method is uti-
lized in cases with spondylolysis and fresh pars defects [19, 124].

Decompression

When decompression with

laminectomy is performed,

fusion is compulsory

While a symptomatic disc herniation in the segment L4/5 with coexistent slip at
L5/S1 can be treated by selective microsurgical decompression at L4/5 alone, a
discectomy in the olisthetic segment should be avoided due to a high risk of addi-
tional destabilization. Due to the nature of the slippage, foraminal stenosis can-
not be addressed selectively without causing added instability. If neurologic
symptoms necessitate decompression and a complete laminectomy (Gill’s proce-
dure [80]) is done, fusion is mandatory because of the destabilization.

Care should be taken that all proliferative pseudarthrosis tissue is removed
after the nerve roots have been identified. While neurologic deficit is a definite
indication for decompression, there is an ongoing discussion as to whether in the
face of radicular symptoms decompression is always necessary [44]. The argu-
ment against decompression relates to the loss of the tension-band strength and
subsequent potential instability that the removal of posterior elements may exac-
erbate [44]. Long-term follow-up studies have shown that especially in children
repositioning of the slippage by instrumentation can improve leg pain very soon
after surgery [46].

Instrumented Versus Uninstrumented Fusion

For many years, uninstrumented fusion in situ has been the gold standard for
the treatment of isthmic spondylolisthesis in children and adolescents [117] and
still has strong advocates [91]. However, with the advent of pedicular fixation
devices, many spine surgeons have now changed to an instrumented fusion
because it facilitates aftertreatment [11, 13, 43, 47, 92, 105].

Outcome of instrumented

fusion is not shown

to be superior to

non-instrumented fusion

While the surgeon may well have the impression that instrumentation gives good
primary stability and allows for a more precise realignment of the spinal column,
studies randomizing isthmic spondylolisthesis patients with and without pedicle
screws have not shown an improved fusion rate or improved clinical outcome with
reduction and instrumentation [8, 62, 69]. The argument that a better realignment
may be achieved with pedicle screws may be true but remains unproven.
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Figure 6. Direct spondylolysis repair

a Isthmic spondylolisthesis at the level of L4/5 (arrow). b Reversed gantry CT demonstrating the bilateral spondylolysis.
c, d Direct screw fixation and bone grafting of the defect. e, f Solid fusion of the defect at 1 year follow-up with complete
resolution of pain. (Courtesy of University Hospital Balgrist).
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For the posterolateral fusion, the spine can be approached either by a midline skin
incision or alternatively by bilateral muscle-splitting (Wiltse approach [117]). The
transverse processes should be thoroughly denuded and decorticated, along with
the lateral aspect of the facet joint and pedicle (see Chapter 20 ). Especially at the
upper margin of the fusion, destruction of the facet joint should be avoided to
avoid damage to the adjacent motion segment. Autologous cancellous bone
should be packed over the transverse processes, the lateral facet joints and, if a
mid line incision has been performed, along the decorticated spinous processes
of the slipped motion segment. Bone is usually obtained from the iliac crest,
though this may of course increase morbidity.

The mainstay of surgery

in children is spinal

realignment and

in the elderly patient

spinal stabilization

and decompression

In contrast to treatment of adolescents and young adults where a primary aim
of surgical treatment is correction of deformity and spinal realignment, the
mainstay of surgery in the adult and elderly patient is decompression, whereby
the aim is to relieve radicular and claudication symptoms (see Chapter 19 ).
There is no general consensus about the indications for fusion surgery, the goals
being to relieve back pain from a degenerated disc and facet joint by elimination
of the instability. Indications for instrumentation are even more controversial
[99], due to the higher complication rate.

Slip Reduction

The treatment of high-grade spondylolisthesis differs between children and
adults, as does that of low- and high-grade slips in adults. In low-grade slips it
remains uncertain whether an attempt to reduce the anterior slip is actually nec-
essary or desirable. Often some degree of reduction is already achieved by the
prone position and subsequent exposure of the spine [71].

In adult spondylolisthesis

in situ fixation is a proven

surgical method

In high-grade slips in the adult, in situ fixation with or without decompres-
sion, depending on the neurologic status, is a proven surgical method [20], espe-
cially when intervertebral body space has markedly diminished. Reduction of the
slipped vertebra remains controversial in this patient group [13, 33]. Consensus
exists on the fact that partial reduction of the slip angle should be attempted if
significant malalignment and foraminal stenosis is present. The aim is to decom-
press neural structures, decrease the lumbosacral kyphosis and facilitate fusion.
In cases where partial reduction has been achieved, anterior structural support
should be contemplated to hold the reduction in place [20].

In children the aim

of surgery is to correct

sagittal alignment

and lumbosacral kyphosis

Especially in high-grade slips (Grade III–IV) in children, the aim of surgery is
to correct sagittal alignment and lumbosacral kyphosis. By improving the bio-
mechanics, the chances of solid fusion are significantly increased (Case Study 2).
Nonetheless the procedure remains a surgical challenge especially in view of the
high complication rates ranging from 10% to 60% [11, 13, 21]. This has led some
surgeons to perform in situ posterolateral spine arthrodesis for high-grade slips
in children [12, 28] with satisfactory clinical results.

Interbody Fusion

Spondylolisthesis is per se a spinal instability and as with all forms of osteosyn-
thesis good postoperative stability is needed to avoid non-union or implant

Interbody fusion

is recommended when

reduction and/or

distraction is performed

breakage. Especially when repositioning and/or distraction is performed, an
interbody structural support of the anterior column is crucial [11]. In cases
where the anterior column has not been addressed biomechanically, fusion rates
for posterolateral fusions vary from 100% [11, 29, 92] to as low as 33% [41, 50,
111]. Even in cases where fusion has been verified, authors report on patients
who continue to suffer from what is presumed to be “discogenic back pain” [3,
47].
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Case Study 2

A 10-year-old patient presented with hyperlordosis of the lumbar spine, sagittal malalignment (lumbosacral step-off ),
flexed knee position, tight hamstrings and paraspinal muscle spasm (a). The patient was neurologically intact. CT and
MRI of the lumbar spine demonstrated a spondyloptosis (b). Note the dome shaped sacrum (b, c). The patient did not
exhibit a spondylolysis but an elongated pars (c). Surgery was performed to realign the spine by means of sacral dome
osteotomy (for technique see Fig. 7), pedicular instrumentation at L4–S1, posterolateral fusion at L4/5 and interbody
fusion at L5/S1 with correct sagittal realignment (e, f ). At the latest follow-up, the patient was symptom free and had sub-
stantially improved her sagittal balance. (Courtesy of University Hospital Balgrist).
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Table 7. Results of surgical treatment of high-grade spondylolisthesis with and without instrumentation

Author Cases Type of
spondylo-
listhesis

Patient
age

Follow-
up

Technique Complications/
outcome

Conclusions

Schuffle-
barger
et al.
(2005)
[85]

18 adoles-
cent high-
grade
develop-
mental

14
(10 – 16)
years

3.3
(2.3 – 5)
years

Gill decom-
pression,
monosegmen-
tal PLIF with
Harm’s cages
and autoge-
nous iliac graft

2 structural complica-
tions

Retrospective study

0 neurologic complica-
tions

PLIF procedure provides near-
anatomic correction of high-
grade spondylolisthesis with-
out significant complications.
Anterior column support and
posterior compressive instru-
mentation help restore bio-
mechanics and allow fusion

0 infections
0 pseudarthrosis
0 reoperations

Grzegor-
zewski
et al.
(2000)
[23]

21 adoles-
cent high-
grade
develop-
mental

14.9
(9.4 –
19.3)
years

12.8
(6 – 24.8)
years

PLF + iliac
bone graft +
immobiliza-
tion in panta-
loon cast
4 months

0 neurologic complica-
tions
0 pseudarthrosis

Retrospective study

5 patients showed pro-
gression of slip 1 year
postop.

In situ posterolateral arthrod-
esis with large amount of
bone graft followed by immo-
bilization provides satisfac-
tory results

Molinari
et al.
(2002)
[62]

37 adoles-
cent high-
grade
develop-
mental

13.5
(9 – 20)
years

3.1
(2 – 10.1)
years

PLF (n= 18) vs.
circumferen-
tial (n= 19)
fusion

39 % pseudarthrosis for
posterolateral proce-
dure vs. 0% in circum-
ferential fusion

Retrospective study
All patients who had pseudar-
throsis achieved solid fusion
with a second procedure
involving 360° fusion with ante-
rior column structural grafting

Möller
et al.
(2000)
[64]

77 adult low
grade

39
(18 – 55)
years

2 years PLF with
(n= 37) vs.
without
(n= 40) trans-
pedicular
fixation

no significant differ-
ence in fusion rate

This prospective randomized
trial suggests that the use of
supplementary transpedicular
instrumentation does not add
to the fusion rate or improve
clinical outcome

level of pain as well as
functional disability
were very similar

Bjarke
et al.
(2002)
[7]

129 adult low
grade

46 and
43.5
(20 – 67)
years

5 years PLF with
(n= 63) vs.
without
(n= 66) trans-
pedicular
fixation

instrumented group
had 25 % reoperation
rate vs. 14 % for non-
instrumented

This prospective randomized
trial showed that long-term
functional outcome improved
in both groups. Isthmic spondy-
lolisthesis profited from non-in-
strumentation while degenera-
tive spondylolisthesis fared bet-
ter with transpedicular fixation

functional outcome
similar in both groups

Suk et al.
(2001)
[94]

56 adult low
grade

45.9 and
51.3
(23 – 70)
years

2 years PLF with
instrumenta-
tion (n= 35) vs.
ALIF with ped-
icle screw fixa-
tion (n= 21)

no difference in
complication rate
clinical outcome iden-
tical

Prospective study

PLF led to significant
loss of reduction

ALIF with pedicle screw
instrumentation was superior
to PLF with instrumentation
in terms of preventing reduc-
tion loss for spondylolytic
spondylolisthesis

Kim et al.
(1999)
[40]

40 adult low
grade

±42
(21 – 62)
years

2.3 – 3.6
years

ALIF (n= 20)
vs. PLF with
instrumenta-
tion (n= 20)

fusion rate after
12 months over 90 %
for both methods

Retrospective study

satisfactory clinical
results in 85 % for ALIF
and 90 % for PLF +
instrumentation

There was no statistically sig-
nificant difference in clinical
results between the two
methods

Brad-
ford
et al.
(1990)
[12]

22 adult high
grade

5 (2– 7.5)
years

First posterior
decompres-
sion + PLF +
halo-traction,
then in sec-
ond proce-
dure ALIF

percentage of slippage
pre- vs. postop. did not
change substantially

Retrospective study

4 patients had non-
union

Alignment of the sagittal
plane was restored in
17 patients. Back pain and
radicular symptoms were
relieved in all but one patientpostop. 1 cauda equi-

na syndrome and 2
nerve root neuropathy,
yet persisting neurologic
deficit in only 1 patient
at follow-up
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Table 7. (Cont.)

Author Cases Type of
spondylo-
listhesis

Patient
age

Follow-
up

Technique Complications/
outcome

Conclusions

Boos
et al.
(1993)
[10]

10 adult high
grade

4.7
(3.6 – 6.3)
years

PLIF and PLF
(n= 6) vs. PLF
(n= 4)

5/6 patients with sole
PLF had loss of reduc-
tion, non-union and
implant failure

Retrospective study

all patients with PLF +
PLIF had fusion and
no loss of reduction

PLF + PLIF for spondyloptosis is
a technically demanding pro-
cedure. Permanent reduction
and fusion is only obtained
with combined interbody and
posterolateral fusion

Roca
et al.
(1999)
[77]

14 adult high
grade

21 years 2.5 years Lumbosacral
decompres-
sion + PLF +
interbody
fusion

6 patients with tran-
sient motor deficit

Retrospective study

2 pseudarthrosis
Circumferential arthrodesis
through a posterior approach
is a safe and effective tech-
nique for managing severe
spondylolisthesis

13 excellent clinical
results

Fusion techniques can

achieve posterior column

stability, anterior column

stability or both

The fusion techniques available for this deformity can conceptually be divided
into those that achieve posterior column stability, those that achieve anterior col-
umn stability and combined approaches that achieve both. In cases where the
spinal canal has to be decompressed and instrumentation is planned, it makes
sense to perform a posterior lumbar interbody fusion (PLIF); yet this is certainly
not mandatory (Case Introduction). The choice of which approach to take will
heavily depend on personal preference and familiarity with the approach,
resources and infrastructure as well as back-up expertise in case of complica-
tions.

Anterior interbody fusion

allows better disc removal

and fusion

Anterior techniques in spine fusion allow for a complete discectomy and very
precise placement of an interbody implant or graft. Particularly the latter aspect
is an advantage of the method, as larger structural grafts can be placed without
the danger of dural sheath damage or nerve root injury. While disc height may
thereby be restored and kyphosis diminished, there is ongoing discussion as to
whether an adequate repositioning and thus improvement of sagittal alignment
of the spine can be achieved by a single anterior procedure, with or without
instrumentation. Also, because nerve root and dural sac are not decompressed
before the repositioning maneuver, there is a high likelihood of neurologic
injury. The method should therefore only be contemplated in low-grade olisthe-
sis, where the primary aim is in situ stabilization and fusion without decompres-
sion or repositioning in neurologically asymptomatic patients.

In the lumbar spine the anterior technique usually involves a retroperitoneal
approach, with its attendant complications such as possibility of vascular injury,
damage of the sympathetic plexus with subsequent retrograde ejaculation in
males, as well as damage to retro- and intraperitoneal structures. Spine surgeons
performing this approach should therefore either be able to manage possible
complications themselves or have very fast access to expertise.

Circumferential arthrodesis

offers the highest

fusion rate

Circumferential stability offers all the advantages of both the aforementioned
techniques, yet obviously also incorporates the possible complications. Com-
bined approaches can be either posterior or transforaminal interbody fusion
(PLIF or TLIF) or anterior lumbar interbody fusion (ALIF) with posterolateral
intertransverse fusion (PLF). Due to the high degree of primary stability
achieved with the 360° treatment of the spine, fusion rates are highly reliable
with numerous reports claiming rates of 100% [34, 100, 104, 123]. Also, an excel-
lent spinal realignment can be achieved. Despite these good results, the tech-
nique of 360° instrumentation is technically more demanding than ALIF or PLF
alone.
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Operation times are longer and complication rates are higher (Table 7) than with
the other two approaches. Kwon and Albert [44] point out that solid fusion does
not always correlate with clinical success in other degenerative disorders of the
spine. While comparative objective radiographic measurements of the spine
after PLIF vs. PLF for lytic spondylolisthesis in adults show better results for
PLIF, clinical outcomes were not reported to be markedly different [47, 55, 105].
It is therefore valid to at least critically question whether the benefits engendered
by performing a combined approach stand in correlation to the longer, techni-
cally more demanding and, from a hardware standpoint, usually more expensive
procedure with a higher risk for complications.

Fusion to L4

Reduction is facilitated

by instrumenting to L4

In children with severe developmental spondylolisthesis at L5/S1 (Meyerding
Grades III–V), reduction can be extremely tedious and may be facilitated by
instrumentation to L4 (Case Study 2, Fig. 7). This technique allows to distract
between L4 and S1, which facilitates the reduction. In selected cases, the L4
screws can be removed at the end of the operation or alternatively 12 weeks later,
which leaves the motion segment L4/5 intact [87]. However, the lateral process of
L5 is often dysplastic in children and does not allow for a reliable fusion. There-
fore a fusion to L4 is recommended. This is particularly valid if no interbody
fusion is added.

In adults the L4/5 disc

is often degenerated

and requires inclusion

in the fusion

In adults with marked slips of L5/S1, the adjacent L4/5 segment frequently
exhibits significant degenerative changes. In these cases, a fusion of L4 to S1 is
indicated because the L4/5 segment often rapidly decompensates after the L5/S1
fusion.

Vertebrectomy

To achieve good spine realignment, surgical treatment of spondyloptosis, which
almost only affects L5/S1, may necessitate vertebrectomy of L5 (Gaines’ proce-
dure [26]). This is a two-stage procedure, first incorporating an anterior
approach with resection of the entire body of L5 back to the base of the pedicles,
as well as the intervertebral discs L4/5 and L5/S1. In a second stage, the posterior
approach allows realignment of the spine after L5 pedicles, facets and laminar
arch have been removed bilaterally. After transpedicular instrumentation from
L4 to S1 and sagittal realignment, nerve roots L5 and S1 exit the spinal canal
together over a reconstructed intervertebral foramen. Gaines, who originally
described this method in 1985, more recently reported on 30 patients treated
with this procedure [26]. Despite the fact that Gaines had a low complication rate
and good success, over two-thirds of the patients had neurapraxic injury to one

Vertebrectomy for

a high-grade slip is prone

to complications

or both L5 roots and in two this remained permanent. This procedure, which
requires a large amount of surgical experience, should only be performed at spe-
cifically equipped centers. Complication rates remain very high even in experi-
enced hands.

Sacral Dome Osteotomy

The main risk of reducing high-grade spondylolisthesis and spondyloptosis is
related to the stretching of the L5 nerve roots, which often results in neuropraxia.
The sacral dome osteotomy helps to avoid this nerve root injury by shortening of
the sacrum. This technique consists of a bilateral osteotomy of the sacral dome,
which allows the reduction of the slip without distraction (Fig. 7). The operation
is carried out in a single stage. This demanding procedure should be carried out
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Figure 7. Reduction of high-grade spondylolisthesis with sacrum dome osteotomy

a The pedicles of L4, L5 and S1 are instrumented with pedicle screws. b, c The loose posterior arc of L5 is resected and the
L5 and S1 nerve root as well as the intervertebral discs are exposed. The dome of the sacrum is osteotomized with a chisel
and resected. d A rod is inserted on both sides first connecting the S1 screws with the rods. L4 is then reduced to the rod
with a reduction forceps. L4 – S1 are slightly distracted. e L5 is pulled back and connected to the rod with a reduction for-
ceps. f An interbody fusion is added to L5/S1 and a posterolateral fusion to L4 – S1.
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only with neuromonitoring of the L5 nerve roots. It is important to note that neu-
romonitoring is not absolutely reliable, because paresis of the nerve root can
occur even hours after the surgery. It is therefore recommended to reduce the slip
only far enough to allow for a good sagittal realignment and an interbody but-
tressing by a graft or cage (Case Study 2).

Complications

Typical complications

encountered are neurologic

injuries and non-union

As with all surgical procedures, patients surgically managed for spondylolisthe-
sis must receive the best outcome with low exposure to problems and complica-
tions. It is therefore important to appreciate which complications can occur so as
to minimize the occurrence and appreciate the psychologic impact these may
have on the patient [79]. Depending on the etiology of the condition and the pro-
cedure performed, complication rates differ significantly. In situ fixation for
degenerative low-grade slippage in the adult will have a markedly lower risk of
attaining neurologic impairment than complex reconstructive surgery of the
adolescent spine in spondyloptosis. Common complications after spondylolis-
thesis surgery are:

) neurologic injury (0.3–9.1%) [74, 79, 89, 93]
) persistent nerve root deficits (2–3%) [15, 38, 74, 89, 102]
) non-unions (0–39%) [20, 31, 38, 48, 55, 60, 67, 74, 89, 106]
) progressive slippage (4–11%) [28, 82, 89, 102]
) revision surgery (7.6%) [48, 67, 89]

L5 nerve root is at high risk

in high-grade spondylolis-

thesis surgery

The list of these potential complications indicates that surgery of (high-grade)
spondylolisthesis is demanding and very careful preoperative planning is neces-
sary before the procedure is performed. As with all neurologic complications,
these need to be accurately assessed and diagnostic imaging should occur rap-
idly. If there is obvious compression of neural structures, be it from hematoma or
misplacement of spinal instrumentation, immediate revision surgery should be
the consequence.

More complex are the cases where there is no radiographic evidence of com-
pression of neural structures. In cases of only minor deficit, an attentive yet
merely observational approach may be warranted. The question whether reduc-
tion was too ambitious should critically be asked. In general for any surgeon, the
decision for or against revision surgery is among the most difficult to make. It is
therefore prudent to involve a further, less biased surgeon to assess the patient as
well as the radiographic parameters and decide for or against revision together.

Adjacent segment instability after instrumentation may be due to excessive
iatrogenic destabilization of the overlying facet joint and capsule, due to exces-
sive thinning or complete removal of the overlying lamina or due to degenerative
changes to the adjacent motion segment. While the iatrogenic destabilization of
a segment certainly will lead to slippage adjacent to a stabilized segment [109],
data concerning adjacent segment degeneration are inconsistent. Incidences are
reported to range between less than 3% and 35%. The discussion remains open
as to whether these observed degenerative changes reflect the natural history of
disc disease or stand in context to the adjacent fusion [66, 83]. As Ogilvie [79]
points out, both are probably a factor and therefore as many lumbar levels should
be left unfused as are consistent with the goals of surgery.
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Recapitulation

Epidemiology. Lumbar spondylolisthesis can be
developmental or acquired. As most slippages are
asymptomatic, the true incidence of the condition
remains speculative. For developmental spondylo-
listhesis, rates of around 3% in the general popula-
tion have been estimated, but depending on the
ethnic group, the incidence may be significantly
higher. Among the acquired slippages, the degen-
erative type is the most frequent one.

Pathogenesis. Spondylolysis, which is a defect of
the pars interarticularis, is the main cause of devel-
opmental spondylolisthesis and results from a
stress fracture. This causes failure of the posterior
stabilizing elements and the disc is confronted with
excessive shear. The dissociation of the anterior

and posterior column therefore ultimately results
in slippage, since the disc cannot withstand the
shear forces. Acquired spondylolisthesis mostly oc-
curs on the basis of degenerative lumbar disease.
Further causes may be iatrogenic destabilization of
a motion segment, trauma, tumors, and rare syn-
dromes or systemic bone disease.

Classification. Only those classifications are of true
value that are based on anatomy or distinguish be-
tween developmental and acquired forms of the
deformity. The two systems which are clinically rele-
vant are those of Wiltse/Rothmann and Marchetti/

Bartolozzi. The Marchetti classification is self-ex-
planatory and, as it avoids complex terminology,
easier to understand.

Clinical presentation. Patients seeking medical at-

tention do so with a variety of symptoms. Back

and/or leg pain may range from merely harassing to
severe. Depending on the degree of slippage and
onset, neurologic symptoms may occur. In rare
cases, spinal canal compromise may be so severe
that patients present with a cauda equina syndrome.
Adolescents with symptomatic high-grade spondy-
lolisthesis may develop a sciatic crisis known as the
Phalen-Dixon sign. Tight hamstrings and posture ab-
normalities accompany the presentation in the ado-
lescent patient. In the adult patient, mechanical low-
back pain (worse on motion, better on rest) and radi-
culopathy are the prevailing symptoms. Physical ex-
amination may show hyperlordosis of the lumbar
spine, and in high-grade slippages a step-off be-

tween spinous processes. Patients should be as-
sessed for sensory or motor deficits of nerve roots.

Diagnostic work-up. Standard anteroposterior and

lateral radiographs are the mainstay for the initial as-
sessment. Oblique X-rays may visualize a pars defect
not already visible on a lateral view. Slippage is quan-
tified by either using the method as described by Me-

yerding (Grade I–V) or of Taillard (%). Assessment of
the sagittal deformity (lumbosacral kyphosis) is cru-
cial in high-grade spondylolisthesis. A large slip angle
in conjunction with a rounded sacrum increases the
risk of slip progression in children. In case of neuro-
logic deficit or if surgery is planned, a CT scan or MRI
should always be performed.

Non-operative treatment. Treatment decision will
ultimately be based on the age of the patient,
symptoms, etiology as well as the degree of slip-
page. General objectives of treatment are to re-
lieve pain, reverse neurologic deficit and, in cases of
severe slippage, to realign the spine. The vast ma-
jority of spondylolisthesis can be treated non-oper-
atively. Acute pain should be controlled with initial
rest, anti-inflammatory and/or pain-modulating
medication as well as administration of a muscle re-
laxant. This is followed by a therapeutic exercise
program with paraspinal and abdominal muscle
strengthening. If pain does not sufficiently subside,
the use of a brace or orthoses may be beneficial.
Cast treatment may result in a healing of an acute
spondylolysis in selected cases.

Operative treatment. Surgery is justified in cases of
persistent or recurrent back and/or radicular pain,
neurologic deficit/neurogenic claudication as well
as bladder and/or bowel syndromes. Aim of all sur-
gical techniques is to decompress neural struc-

tures, prevent progression and achieve stability

with subsequent fusion. Generally there are three
methods to achieve this goal, i.e. uninstrumented

posterolateral fusion (PLF), and instrumented pos-

terolateral fusion with or without anterior or poste-
rior interbody fusion (ALIF/PLIF). Due to technical
innovations and improvement in implants, there is
an increasing trend to manage spondylolisthesis by
combined approaches. The surgical approach will
depend on familiarity with the approach, resources
and infrastructure as well as back-up expertise in
case of complications. Particularly the manage-
ment of high-grade spondylolisthesis is a surgical
challenge and technically demanding. In children
with high-grade spondylolisthesis, fusion to L4 is
often required. Reduction of high-grade spondylo-
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listhesis is still a matter of debate because of the
high complication rates associated with these pro-
cedures. Particularly, the L5 nerve root is at risk. The
primary goal in adult low-grade spondylolisthesis

is not to reduce the slip but this may be necessary in
cases with foraminal stenosis. In the latter indica-

tion, solid fusion and neural decompression are
more important. In cases where reduction and/or
distraction of the slipped vertebra was performed,
anterior buttressing by an interbody fusion is nec-
essary. Frequent complications encountered are
non-union and neural compromise.
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The authors review 120 cases of patients with spondylolisthesis of varying etiologies sur-
gically managed by 360° instrumentation in respect to their radiographic outcome. Also,
complications are assessed. Seven incidental durotomies and three infections were
recorded. There was an excellent rate of fusion at 98% and the authors conclude that an
important part of the success was regaining neuroforaminal height due to distraction and
the interbody spacer.

Schlenzka D, Remes V, Helenius I, Lamberg T, Tervahartiala P, Yrjonen T, Tallroth K,
Osterman K, Seitsalo S, Poussa M (2006) Direct repair for treatment of symptomatic
spondylolysis and low-grade isthmic spondylolisthesis in young patients: no benefit in
comparison to segmental fusion after a mean follow-up of 14.8 years. Eur Spine J
15:1437–47
Clinical, radiographic and MRI assessment of the long-term clinical, functional, and
radiographic outcome of direct repair of spondylolysis using cerclage wire fixation
according to Scott in young patients with symptomatic spondylolysis or low-grade isth-
mic spondylolisthesis (n=25) as compared to the outcome after uninstrumented pos-
terolateral in situ fusion (n=23). In conclusion, the results of direct repair of the spon-
dylolysis according to Scott were very satisfactory in 76%. After direct repair, the Oswe-
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28
Juvenile Kyphosis
(Scheuermann’s Disease)

Dietrich Schlenzka, Vincent Arlet

Core Messages

✔ Scheuermann’s disease (Type I, “classic” Scheu-
ermann’s) is a thoracic or thoracolumbar hyper-
kyphosis due to wedged vertebrae developing
during adolescence

✔ Atypical Scheuermann’s disease (Type II, “lum-
bar” Scheuermann’s) affects the lumbar spine
and/or the thoracolumbar junction. It is a
growth disturbance of the vertebral bodies
without significant wedging causing loss of
lumbar lordosis or mild kyphosis

✔ The natural history of the deformity is benign
in the majority of cases

✔ Back pain is common but usually mild and
rarely interferes with daily activities or profes-
sional career

✔ Lung function is impaired only in very severe
deformities (> 100 degrees)

✔ Diagnosis is based on the clinical picture and
typical changes in plain lateral radiographs

✔ During growth, brace treatment is recom-
mended in mobile deformities of between
45 and 60 degrees

✔ Rare spinal cord compression is the only abso-
lute indication for operation

✔ Relative indications for operation are kyphosis
greater than 70 degrees, pain, and cosmetic
impairment

✔ The results of operative treatment are satisfac-
tory in the majority of cases regarding pain and
cosmesis

✔ The risk of severe intra- and postoperative com-
plications should be weighed carefully against
the benefits

Epidemiology

Scheuermann’s disease is a

thoracic or thoracolumbar

hyperkyphosis due to

wedged vertebrae

Scheuermann’s disease is a thoracic or thoracolumbar hyperkyphosis due to
wedged vertebrae developing during adolescence. Ancient presentations of
hyperkyphosis usually depict extreme gibbus formations as seen due to infection
(tuberculosis) or congenital vertebral anomalies. Michelangelo’s ceiling fresco in
the Sistine Chapel at the Vatican shows an ignudo with a kyphosis resembling a
thoracolumbar juvenile kyphosis (Fig. 1). It was painted in 1511 and is possibly
the earliest pictorial representation of the disease [30]. Following Schanz, Hag-
lund named the deformity “Lehrlingskyphose” (apprentice’s kyphosis) as it was
detected mainly in youngsters involved in heavy labor [27, 61]. He saw the cause
as muscular insufficiency and mechanical overloading during growth. Credit is
due to Holger Werfel Scheuermann from Denmark for first describing it in 1920
as being different from mobile postural kyphosis [62–64]. He recognized from
radiographs that the wedge vertebrae formation in the thoracic spine was the
underlying reason for the deformity. Scheuermann was the first to describe its The incidence of juvenile

kyphosis ranges between

1 % and 8 %, being more

common in boys

typical radiographic features and named it “osteochondritis deformans juvenilis
dorsi”. The true incidence of juvenile kyphosis is not known. It ranges from 1%
to 8%, being more common in boys than in girls (ratio 2/1 to 7/1).
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Case Introduction

A 14-year-old boy was referred by the school doctor. The boy was otherwise healthy and played hockey and soccer regu-
larly. Four years previously, posture changes were detected for the first time. The boy had pain in the thoracolumbar area
since then during the day and especially after playing sports. Sometimes night pain in the back also occurred. No radiat-
ing pain to the lower extremity was present. There were no back problems in the family. Clinically, the boy appears to be
healthy. Height is 153 cm, sitting height 77.5 cm. The spine is balanced in the frontal as well as in the sagittal plane. Shoul-
ders and pelvis are leveled. The thoracic kyphosis is pronounced especially in the mid-thoracic area (a). Kyphosis corrects
partially during spine extension in the prone position. The left scapula is slightly elevated. A mild left convex thoracic sco-
liosis with 3 degrees of rib hump is present (b). Lumbar lordosis appears normal. Lumbar range of motion is free. On pal-
pation, the spine is free of pain. Hamstring tightness of 70 degrees is present bilaterally. No neurological abnormalities
are found in the lower extremity. Abdominal skin reflexes are symmetrical. On the standing lateral radiograph, thoracic
kyphosis measures 56 degrees, lumbar lordosis 55 degrees (c). There are Scheuermann’s changes in the T6–T10 vertebral
bodies. On supine extension radiographs, thoracic kyphosis has corrected to 30 degrees. The skeletal age is 13.5 years,
i.e. 6 months behind the chronological age (d). As the kyphosis is mobile, a sufficient amount of growth is left, and the
boy seems to be well motivated, brace treatment is initiated (e, f ). The correction in the brace is very acceptable. The tho-
racic kyphosis decreases from 56 to 42 degrees (g). The brace is worn full-time (23 h/day). It may, however, be removed
for sports training hours. Daily exercises including pectoralis stretching, hamstring stretching, and back and abdominal
muscle strengthening are advocated.
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Figure 1. Michelangelo’s Ignudo

This painting (1511) exhibits a Scheuer-
mann’s kyphosis at the thoracolumbar
junction.

Pathogenesis

The exact causes

are unknown

The exact etiology of Scheuermann’s kyphosis is unknown. Genetic, hormonal,
and mechanical factors have been discussed. An autosomal dominant pattern of
inheritance has been described [21, 28]. Scheuermann considered it a growth
disturbance in the vertebral epiphysis resembling Calvé-Perthes disease. He
therefore named it osteochondritis deformans juvenilis dorsi [64]. Aufdermaur
reported a developmental error in collagen aggregation leading to a disturbance
of the enchondral ossification of the vertebral endplates [3]. Ippolito and Ponsetti
detected a mosaic-like pattern of alterations in the growth cartilage and vertebral
endplates. The collagen fibers in the matrix are thinner and their number is
diminished. The proteoglycan content of the matrix is increased. The growth
process is slowed down or even absent in the altered areas. The process should be
interpreted as an “absence of growth” rather than a destruction [2]. In the nor-
mal areas growth is accelerated. This causes wedge-shaped deformation of verte-
brae and an increase in kyphosis [2, 32, 33]. For biomechanical reasons,
increased kyphosis causes increased pressure to the vertebral bodies which the
pathologic bone cannot withstand. This creates a vicious circle of increased
wedging and increased kyphosis leading to increased load on the vertebral bod-
ies. There are no data available on the rate of progression after cessation of
growth.

Juvenile kyphosis has

a genetic background

and develops due to an

ossification disturbance

of the vertebral bodies

The sources of pain are not very well defined. Pain symptoms in the adolescent
can arise from the posture changes. The musculature is insufficient to counteract
the increasing kyphosis during the growth spurt. This causes fatigue in the para-
vertebral muscles. Pain in the neck region and in the lumbar spine is caused by
compensatory hyperlordosis above or below the primary deformity. It develops
when the degree of the primary deformity exceeds the capacity of the adjacent
segments to adapt to it. In the adult patient, disc degeneration and facet joint
osteoarthritis may be the reason for pain in the kyphotic vertebral segment as
well as in the segments above and below.
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Normal Sagittal Profile

The sagittal profile develops

during growth and changes

throughout adult life

Classic Scheuermann’s disease is a thoracic or thoracolumbar hyperkyphosis,
which implies that kyphosis deviates from the normal sagittal curvature of the
spine. Therefore, a thorough knowledge of the normal sagittal profile is required
for the understanding of this clinical entity. The sagittal profile of the spine in
humans varies greatly between individuals. It is not established at birth but
develops and changes during life [5, 46, 68, 69, 72, 75].

The sagittal profile of the

spine is largely variable

There is no scientifically based definition of the degree of normal sagittal spi-
nal curvatures. At birth, the whole spine is kyphotic from the occiput to the coc-
cyx. As the child starts in the upright position, first lumbar lordosis develops and
later thoracic kyphosis. It is only when the child becomes a young adult that the
definitive sagittal curves are acquired. Confusingly, different methods for mea-
surement of the sagittal curvatures of the spine are used in the literature. Mea-
sured from the back surface using spinal pantography, at the age of 14 years tho-
racic kyphosis in healthy children ranges from 7 to 57 degrees (mean 29 degrees)
in girls and from 6 to 69 degrees (mean 30 degrees) in boys, being between 20 and
40 degrees in more than two-thirds of children [46]. In a mixed population with
an age range from 4.6 to 29.8 (mean 12.8) years, Bernhart et al. found thoracic
kyphosis ranging from 9 to 53 (mean 36) degrees measured from standing lateral

Normal kyphosis is in the

range of 10° to 60°

radiographs between the top of T3 and the bottom of T12. They proposed a nor-
mal range from 20 to 50 degrees [5]. In healthy adults, Stagnara et al. measured
from standing radiographs thoracic kyphosis from 7 to 63 (mean 37) degrees
between the top of T4 and the bottom of the intermediate vertebra (mainly L1,
T12, or L2), with the majority being between 30 and 50 degrees [69]. They did not
find, however, any hint that those individuals outside the 30–50 degree range
were functionally inferior. Vaz et al. reported a global thoracic kyphosis ranging
from 25 to 72 (mean 47) degrees [73]. Boulay et al. [9] used true Cobb angle mea-
surements, i.e. they measured thoracic kyphosis from the upper endplate of the
most tilted vertebra cranially to the lower endplate of the most tilted vertebra
caudally. In 149 healthy adults, they found a range from 33.2 to 83.5 (mean
53.8) degrees. The Scoliosis Research Society proposes to regard 10–40 degrees
as the range for normal kyphosis between the upper endplate of T5 and the lower
endplate of T12 [51]. Thoracic kyphosis increases in the elderly due to degenera-
tive changes.

Thoracic kyphosis is more

prominent in males

There are significant differences between the genders. Thoracic kyphosis is
more prominent in males. There is a steady increase from adolescence to adult-
hood. In females, thoracic kyphosis increases during the adolescent growth spurt
but decreases during the descending phase of peak growth, i.e. until young adult-
hood. Thoracic hyperkyphosis ( & 45 degrees) is equally prevalent in both gen-
ders at the age of 14 years, but more prevalent in males (9.6%) than in females at
the age of 22 years [57]. Left-handedness was identified as a risk factor for tho-
racic hyperkyphosis but no significant correlation between hyperkyphosis and
low-back pain during adolescence could be established [47, 48].

There is no scientifically based definition of the threshold for “normal”
kyphosis. So-called normal ranges in the literature are derived from cohort mea-
surements using statistical methods. These figures, however, should not be used
as such for deciding what is pathologic in the individual. Thoracic kyphosis
should always be judged in view of the balance of the entire spine, not as an iso-
lated part of it. The thoracolumbar junction from T10 to L2 is slightly kyphotic
[5]. The upper thoracolumbar junction (T10–T12) varies from 3 degrees of lor-
dosis to 20 degrees of kyphosis (mean 5.5 degrees of kyphosis). The lower thora-
columbar junction (T12–L2) ranges from 23 degrees of lordosis to 13 degrees
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Lumbar lordosis is more

pronounced in females

of kyphosis (mean 3 degrees of kyphosis). The segment T12–L1 is on average in
1 degree of kyphosis [5]. Lumbar lordosis is normally somewhat greater than
thoracic kyphosis. On average, lumbar lordosis is more pronounced in females.
It is relatively constant during growth from adolescence to young adulthood [57].
In girls, lumbar lordosis measured from the back surface using the spinal panto-
graph ranges from 18 to 55 (mean 33.4) degrees at the age of 14 years and from 18
to 72 (mean 37.8) degrees at the age of 22 years. In boys, the corresponding fig-
ures are 15–56 (mean 33) degrees and 11–58 (mean 34.6) degrees [57]. Accord-
ing to Bernhart and Bridwell, the range of lumbar lordosis measured from stand-
ing radiographs between the bottom of T12 and the bottom of L5 is 14–69 (mean

A range of 20° to 60° is

regarded as normal lordosis

44) degrees. They propose a normal range of from 20 to 60 degrees [5]. Stagnara
et al. reported a range for lumbar lordosis of from 32 to 84 degrees. The higher
values may be explained by the fact that these authors measured the lumbar lor-
dosis from the upper border of the intermediate vertebra down to the upper end-
plate of S1 [69]. Bouley et al. [9] reported in adults a lordosis ranging from 44.8
to 87.2 (mean 36.4) degrees measured according to Cobb between the most tilted
vertebrae. Vaz et al. measured in adults a global lumbar lordosis ranging from 26
to 76 (mean 46.5) degrees [73]. The Scoliosis Research Society proposes to regard
40–60 degrees as a normal range of lumbar lordosis for the adult measured
between the upper endplate of T12 and the upper endplate of S1 [51]. Lumbar lor-
dosis decreases in the elderly due to degenerative changes.

The threshold for “normal”

thoracic kyphosis is not

defined

According to Stagnara et al., every person has her or his “unique spinal physi-
ognomy” [69]. Average values are only indicative not normative [5, 69]. There is
no indication that persons with a degree of thoracic kyphosis not fitting into the
postulated “normal range” are handicapped in any respect.

Sagittal balance is of the utmost importance for an ergonomic upright pos-
ture. The spine is sagittally balanced if a plumb line dropped from the odontoid
process crosses the thoracolumbar junction and through the posterior edge of S1.
For practical purposes on radiographs, the plumb line is often drawn from the
center of the vertebral body C7 [51] (Fig. 2a–c). Normal sagittal balance is essen-
tial for the ability of the individual to stand in the upright position with minimal
effort. Abnormal sagittal balance will be observed when the spinal column can-
not compensate to keep the gravity line between the femoral heads and the
sacrum. Spinal imbalance is positive when the gravity line falls in front of the
femoral heads. It is negative when the gravity line falls posterior to the sacrum.

Normal sagittal spinal bal-

ance is the prerequisite for

an economic upright pos-

ture in the standing position

This is important to consider. A negative sagittal balance may be observed in
neuromuscular conditions with weak hip extensors. A positive sagittal balance
may be observed in patients with developmental delay, loss of lumbar lordosis
(flat back), or rigid kyphotic lumbar spine. Most Scheuermann patients fall into
the category of negative sagittal balance [31, 40, 41].

When judging the importance of a thoracic hyperkyphosis, one not only has to
take into account the absolute measure of the deformity in degrees, but one must
also assess it in relation to the location of the apex of the kyphosis. The lower the
apex of the hyperkyphosis the greater its impact on spinal balance and on the
adjacent spinal segments below (compensatory lumbar hyperlordosis). For
instance, a thoracolumbar kyphotic deformity of 20 degrees between T10 and L3
has a much higher impact on the sagittal balance than a thoracic hyperkyphosis
of 55 degrees between T2 and T12, which may be clinically unimportant.

The concept of pelvic incidence has recently been introduced by Duval Beau-
pere [36]. Pelvic incidence is defined as the angle between the perpendicular to
the top of S1 and the line joining the middle of S1 to the femoral heads (Fig. 3). It
was found that the pelvic incidence was the only morphometric character that is
constant throughout life. A strong correlation between the pelvic incidence and
the lumbar lordosis has been defined. Pelvic incidence regulates the sagittal
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Figure 2. Sagittal balance

a The spine is sagittally balanced when the plumb line
from C7 touches the posterior edge of S1. b Spinal imbal-
ance is positive when the line falls in front of this point. c It
is negative when the plumb line falls behind this point.

Figure 3. Pelvic incidence (PI)

a= midpoint of the sacral endplate, 0= center of the femo-
ral head.

Figure 2. Sagittal balance
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alignment of the spine and pelvis [9, 36, 73]. As a rule of thumb, lumbar lordosis
is approximately 10 degrees greater than the pelvic incidence in normal individu-
als. However, no study has focused yet on any possible relationship between pel-
vic incidence and Scheuermann’s kyphosis.

Definition and Classification

According to Sörensen [65], the diagnostic criteria are wedging of more than
5 degrees in three consecutive vertebrae with typical endplate irregularities on a
lateral radiograph. A widely accepted definition is based on Bradford [11]:

) irregular vertebral endplates
) narrowing of the intervertebral disc space
) one or more vertebrae wedged 5 degrees or more
) an increase of normal kyphosis beyond 40 degrees

Both Sörensen’s and Bradford’s definitions do have their shortcomings since they
are arbitrary. Sörensen’s criteria exclude deformities with less than three
deformed vertebrae. Bradford’s 40 degrees of thoracic kyphosis as the borderline
between normal and pathologic has its origin in an unpublished X-ray study by
Boseker, who found a range of 25–42 degrees in 121 normal children [8, 10]. This
is extremely low in comparison to the ranges for thoracic kyphosis in healthy
individuals reported later by other investigators (see above). Besides, it cannot be
generalized for the different regions of the spine. In the authors’ opinion, the
diagnosis should be based mainly on the typical pathologic vertebral and disc
changes. Bearing in mind the immense variability of the sagittal profile in healthy
persons, it seems inappropriate to base the diagnosis on a certain amount of
(hyper-)kyphosis measured in degrees (Table 1) (Fig. 4a):

Table 1. Diagnostic criteria for juvenile kyphosis (Type I)

) wedging of more than 5 degrees in one or more vertebrae in the
thoracic or thoracolumbar region

) disc space narrowing

) endplate irregularities ) increased thoracic or thoracolumbar kyphosis

Schmorl’s nodes

are not pathognomonic

Schmorl’s nodes are often associated with juvenile kyphosis but are not a patho-
gnomonic sign.

The classification of Scheuermann’s disease concerning its localization in the
spine is inconsistent in the literature. In the classic sense, it is a deformity of the
thoracic spine. Lindemann reported in 1933 four cases with affection of the lum-
bar spine and called the condition the “lumbar form of adolescent kyphosis”
[37]. Lumbar Scheuermann’s disease as a separate entity was described in more
detail by Edgren and Vaino [19]. Out of 900 radiographs of Scheuermann’s
patients, they found 30 cases with distinct radiographic features in the lumbar
spine. During the growth period (initial stage), they recognized a typical local
defect in the spongiosa in the ventral part of the endplates of one or several verte-
bral bodies (Fig. 4c). After the end of growth (final stage), the contours of the ver-
tebral endplates were uneven. Schmorl’s nodes and disc prolapses dislocating the
border of the vertebra were seen. Intervertebral disc spaces were narrowed. A
slight angular kyphosis was present, and the sagittal diameter of the vertebral
bodies was increased. Clinically, the patients showed flattening of the lumbar lor-
dosis or a slight kyphosis, stiffness, and tenderness of the lumbar spine. No root
symptoms were seen. They coined the term “osteochondrosis juvenilis lumba-
lis” (atypical juvenile kyphosis) (Table 2).
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a b c

Figure 4. Types of juvenile kyphosis

a Standing lateral radiographs of juvenile kyphosis Type I changes in the thoracic spine in an 18-year-old male and b tho-
racolumbar area in a 52-year-old male. Scheuermann’s Type II changes from L1 to L4 in an 18-year-old female gymnast.
The thoracolumbar junction is slightly kyphotic. c Note the decrease in thoracic kyphosis.

Table 2. Diagnostic criteria for juvenile kyphosis (Type II, “lumbar”)

Obligatory Facultative

) endplate irregularities in one or several vertebral bodies of the lumbar
or thoracolumbar area

) apophyseal separation

) increased sagittal diameter of vertebral bodies ) loss of lumbar lordosis or slight kyphosis
) disc space narrowing ) Schmorl’s node

Blumenthal et al. defined cases with involvement from T10 to L4 as lumbar juve-
nile kyphosis. They proposed three different types:

) I: “classic” juvenile kyphosis (three or more consecutive vertebrae each
wedged over 5 degrees)

) IIa: “atypical” juvenile kyphosis (endplate irregularities, anterior Schmorl’s
nodes, disc space narrowing)

) IIb: acute traumatic intraosseous disc herniation (after acute vertical com-
pression injury) [7]
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Wenger proposes a distinction between Type I (thoracic, with wedging), being
the most common form, and Type II (thoracolumbar, lumbar), developing at a
slightly later age and being more commonly painful. A mechanical overloading is
thought to be its basis. Murray et al., in their natural history study, divided the
patients according to the apex level of the kyphosis into “cephalad” (apex at T1–
T8) and “caudad” (apex at T9–T12) [44].

The confusion arising from these different classifications seems to be mainly
due to the fact that localization and pathoanatomical picture are mingled. Typi-
cal wedging (classical juvenile kyphosis, Type I) occurs usually in the thoracic
spine but it may also cross the thoracolumbar junction and reach into the upper
lumbar spine (Fig. 4b). Endplate impressions, disc narrowing, and increased sag-
ittal diameter of the vertebral bodies without significant wedging (lumbar
“atypical” juvenile kyphosis, Type II), as described by Edgren and Vainio, seem
to occur only in the lumbar spine up to the thoracolumbar junction (Table 2).

Severe wedging does

not develop in the lordotic

lumbar spine

Possibly both types are expressions of the same pathology. Severe wedging does
not develop in the primarily lordotic lumbar spine due to the fact that the loading
conditions are different from those in the primarily kyphotic thoracic spine [37].
Type II Scheuermann’s disease is commonly attributed to mechanical overload-
ing [23, 40, 74]. However, in the reports of Edgren and Vainio as well as Blumen-
thal et al., the majority of patients had not been involved in heavy physical activ-
ity [7, 19]. Obviously, there is an idiopathic form due to an “intrinsic” factor and
a secondary form caused by mechanical overloading and endplate damage as
seen in certain sports disciplines (weight lifting, gymnastics, motocross).

For the purposes of clear communication, we propose to define the condition
primarily according to the vertebral changes as Type I or Type II, respectively. If
deemed necessary, one can then add the vertebral level(s) for specification.

Clinical Presentation

History

In the initial phase of the disease posture changes are not visible yet but back pain
may be present.

The cardinal symptoms of juvenile kyphosis are:

) back pain
) cosmetic disturbance

Back pain is activity

dependent

Usually, juvenile kyphosis is detected first by caretakers or the school nurse or
doctor (Case Introduction) when a visible deformity has already developed. Dur-
ing adolescence, pain in the region of the kyphosis may occur during exercise or
prolonged sitting. In later adulthood, secondary cervical and lumbar hyperlor-
dosis may cause pain symptoms also in the cervical and/or lumbar region. Seg-
mental thoracic pain or lower extremity root pain has not been described. Back
pain symptoms occur mainly during the day and under loading. They are more
common in Type II as compared to Type I [7, 19, 23, 40, 74]. Murray et al. found
in Type I that pain interfered significantly more with life if the kyphosis was more

Back pain is related

to curve size and location

severe and the apex more cephalad (T1–T8). But job activity level and pain
intensity were not dependent on the level of the apex of the kyphosis [44].
Patients with Type II Scheuermann’s disease are prone to develop lumbar spinal
stenosis [70]. As these patients often have a genetic predisposition, one should
focus on the existence of a family history of a deformity. Previous fractures,
infections and neurological disorders should be ruled out.
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Figure 5. Clinical appearance of juvenile kyphosis

a Normal harmonic kyphosis of the spine in flexion. b, c A 16-year-old female with a thoracic hyperkyphosis of
88 degrees, apex T8. d, e A 20-year-old male with a low thoracic hyperkyphosis of 79 degrees, apex T10. f A 19-year-old
male with Scheuermann’s Type II; the upper lumbar spine is slightly kyphotic.

Physical Findings

Rigid thoracic

hyperkyphosis is the

cardinal physical finding

When an adolescent patient presents with a thoracic or thoracolumbar hyperky-
phosis, the diagnosis can be suspected at first glance. The hyperkyphosis is fre-
quently accompanied by compensatory hyperlordosis of the cervical and/or
lumbar spine (Fig. 5). The spine is balanced in the coronal plane but usually in a
negative balance in the sagittal plane. The clinical examination aims to assess the
rigidity of the curve. Asking the patient to lift the head and extend the spine in
the prone position best assesses this aspect. Mild secondary scoliosis with mini-
mal or no rotation may be present. The muscles in the region of the kyphosis or
in hyperlordotic areas above (shoulder-neck region) or below (low back) the
main deformity may be painful on palpation. Hamstring tightness is common.
Neurology should be assessed carefully. Pathologic neurological findings, how-
ever, are very rare.

Distinguish juvenile

kyphosis from idiopathic

roundback

Usually it is easy to distinguish Scheuermann’s kyphosis (Type I) from idio-
pathic roundback. In the latter, the hyperkyphosis is harmonic also in flexion.
Moreover, it corrects well in extension.
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In Type II Scheuermann’s kyphosis, the typical clinical features are diminished
lumbar lordosis (flat back) (Fig. 5f) or a very mild lumbar kyphosis, stiffness of
the lumbar spine, and local pain.

Diagnostic Work-up

Imaging Studies

The definitive diagnosis of juvenile kyphosis can often be made by conventional
radiographs alone. However, MRI best shows endplate abnormalities, premature
disc degeneration, and vertebral wedging.

Computed tomography very seldom provides additional information and is
rarely indicated.

Standard Radiographs

Juvenile kyphosis

is diagnosed on standard

radiographs

Plain lateral and posteroanterior radiographs of the whole spine with the patient in
the standing position are the primary radiological investigations. In the lateral pro-
jection a more or less sharp hyperkyphosis of the thoracic spine with compensatory
lumbar hyperlordosis is seen (Fig. 4b). If necessary, close-up radiographs are taken
or MRI is performed to elucidate the bony structures in the area of interest.

The vertebrae around the apex of the thoracic kyphosis show typical radio-
graphic changes (Fig. 6):

) irregularity of the endplates
) wedging of vertebral bodies
) increased length of vertebral bodies
) loss of disc space height
) Schmorl’s nodes (not pathognomonic)

a b c d

Figure 6. Typical radiographic features (Type I)

Wedge shape and increased sagittal diameter of vertebral bodies, irregularity of endplates, and disc space narrowing: a
schematic drawing; b radiographic example. Radiographic changes with age: c 14-year-old boy and d 17-year-old boy.
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Thoracic kyphosis and lumbar lordosis are measured according to Cobb. The
posteroanterior radiograph is checked for secondary scoliosis. Sagittal and fron-
tal spinal balance is assessed. Extension films of the kyphotic area obtained with
the patient in the supine position with a sandbag under the apex of the deformity
are used to assess flexibility of the deformity. In the immature patient, the skeletal
age and the remaining spinal growth are determined from a radiograph of the
hand and wrist [24] and the pelvis (Risser sign) for assessment of the risk of pro-
gression and treatment decision-making.

Magnetic Resonance Imaging

In juvenile kyphosis, MRI is the imaging modality of choice to demonstrate:

) irregularity of the ossification
) wedge shape of the vertebral bodies (Fig. 7)
) premature degeneration of intervertebral discs
) Schmorl’s nodes
) spinal cord compression at the curve apex (in severe cases)

MRI is indicated

in unclear cases

or for surgical planning

MRI of the whole spine should be performed if spinal cord compression, congen-
ital anomalies, tumor or infection is suspected. For safety reasons, MRI is
included in the preoperative work-up even if the patient’s neurology is normal.
There is no indication for an MRI on the first visit if the patient’s clinical neuro-

a b c

Figure 7. MRI findings

a MRI characteristics of juvenile kyphosis at different ages. In a 14-year-old boy (same as Fig. 5c), endplate defects, disc
narrowing and disc dehydration are visible. In a 17-year-old boy (same as Fig. 5d), b vertebral wedging and disc space
narrowing is more pronounced. In a 57-year-old male the final stage is visible. Note kinking of the myelon over the apex
of the relatively sharp-angled kyphosis. c The patient has no neurological symptoms.
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logical examination is normal, plain radiographs show the typical picture of
juvenile kyphosis and observation or non-operative treatment is planned.

Neurophysiological Tests

SSEPs and MEPs are helpful

in identifying spinal cord

compromise

Somatosensory evoked potentials (SSEPs) and motor evoked potentials (MEPs)
are obtained in patients with neurological symptoms and in connection with
preoperative work-up. MEPs are of greater importance as in kyphotic defor-
mities cord compression is to be expected mainly from the anterior direction
affecting primarily the motor tracts. Pathologic evoked potentials should
alert the surgeon. The spine should be stabilized and, depending on the clinical
situation and the imaging findings, anterior decompression should be consid-
ered.

Lung Function Test

The data in the literature on lung function in juvenile kyphosis are sparse. Mur-
ray et al. found in their long-term follow-up of untreated patients decreased vital
capacity only in cases with a kyphosis exceeding 100 degrees [44].

Differential Diagnosis (Table 3)

Several clinical entities must be differentiated from juvenile kyphosis:

Roundback is an important

differential diagnosis

) Idiopathic thoracic hyperkyphosis (“roundback”, “poor posture”) (Fig. 8)
Clinically, postural thoracic hyperkyphosis is mobile, more harmonic, and
not as localized as Scheuermann’s kyphosis. On radiographs, there is no
wedge deformation of vertebral bodies. Disc space height is not decreased.
Usually, the deformity corrects on extension.
) Congenital kyphosis

A defect of segmentation is sometimes difficult to see on lateral radiographs
especially if it is incomplete. The anterior bar may still not be ossified. If the
disc spaces are not clearly visible on plain radiographs in a rigid kyphosis,
MRI should be performed.
) Skeletal dysplasias

Different forms of systemic skeletal diseases can be ruled out based on the
history, clinical appearance of the patient, and radiographs of long bones,
joints, etc.
) Infection and tumor

The patient’s history, pain pattern, and clinical presentation should raise
suspicions. Laboratory tests, radiographs, MRI, and (if necessary) biopsy
will provide the diagnosis.

Table 3. Differential diagnosis of juvenile kyphosis

) idiopathic hyperkyphosis (“roundback”)
) neuromuscular (paralytic, spastic)
) spinal cord tumor
) post-laminectomy kyphosis
) post-traumatic kyphosis

) connective tissue disorders
) congenital kyphosis
) skeletal dysplasia
) infection (tuberculosis, pyogenic, fungal)
) tumor
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Figure 8. Idiopathic thoracic hyperkyphosis

Idiopathic thoracic hyperkyphosis (“roundback”) in a 19-year-old male. a Tho-
racic kyphosis is increased b but harmonic in flexion. The patient suffers from
thoracic back pain during prolonged standing and sitting. He is neurologically
intact. c On the standing lateral radiograph the thoracic kyphosis measures
66 degrees. There are no structural vertebral changes. d On the supine exten-
sion radiograph, the kyphosis has corrected to 26 degrees. e There are no path-
ologic changes on MRI.
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Non-operative Treatment

The general objectives of treatment are shown in Table 4.

Table 4. General objectives of treatment

) to prevent progression ) to correct severe deformity
) to relieve pain ) to improve cosmesis

The choice of the treatment modality in Scheuermann’s kyphosis depends on:

) age of the patient
) degree of the kyphosis
) subjective symptoms

The vast majority of patients with juvenile kyphosis can be treated non-surgi-
cally. Favorable indications for non-operative treatment are shown in Table 5.

Physical exercises may

influence pain but not the

kyphosis

They include exercise, bracing and casting. However, physical exercise has not
been shown to be clinically effective in terms of kyphosis improvement. It offers
the advantage of increasing the patient’s awareness of his or her own condition.
Physiotherapy combined with strengthening exercises of the paraspinal muscles
and stretching of abdominal and chest muscles is of value in painful patients dur-
ing and after the growth spurt.

Table 5. Favorable indications for non-operative treatment

) radiologic signs of the disease are present ) before/during the growth spurt
) mobile curves ) painful curves

When consulting patients on the most appropriate treatment, a thorough knowl-
edge of the natural history is mandatory. The results of treatment must be
weighed against natural history.

Natural History

The natural history of

juvenile kyphosis is benign

The natural history of the deformity is benign in the majority of cases. Murray et
al. reported on the natural history of Scheuermann’s disease over a 32-year
period [44]. Patients’ pain was usually mild and rarely interfered with daily activ-
ities or professional career. Cardiorespiratory problems were seen only in very
severe deformities (kyphosis >100 degrees). In kyphosis of more than 70 degrees
the cosmetic impairment is considerable and clinical symptoms are more com-
mon. In these cases, further progression of the deformity can be expected during
adult life due to the unadvantageous biomechanical situation. However, no data

Curve progression is not

observed after the end of

growth

on the risk of progression after cessation of growth could be found from the liter-
ature. The cosmetic appearance may cause psychological distress to the patient.
There are no specific data on psychological problems in these patients. But it is
known that patients with idiopathic scoliosis are self-conscious about their body
shape and cosmetic appearance [18, 22]. The patient’s cosmetic concerns there-
fore often play a role in the decision-making toward operation.

Neurological deficits rarely

occur in juvenile kyphosis

Neurological problems are rare in Scheuermann’s kyphosis. If neurological
complications occur, they are usually due to mechanical compression of the cord
at the apex of the kyphosis. Normelli et al. reported on one such observation in
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a 20-year-old male and collected 16 additional cases from the literature [50]. The
majority were teenagers or young adults. Interestingly, male gender was overrep-
resented. This was attributed possibly to the fact that the adolescent growth spurt
occurs later in boys than in girls and progression is possible still during early
adulthood. The kyphosis was not very severe, ranging from 37 to 80 (mean

A neurological deficit

is usually correlated with a

sharp-angled kyphosis

56) degrees but was usually sharp-angled. There was no obvious correlation
between the degree of kyphosis and the neurological deficit. Anterior decom-
pression with fusion was the most common treatment with good results in the
majority of patients. Other possible reasons for neurological complications in
Scheuermann’s kyphosis are a coincidental disc herniation, or other spinal
pathology, e.g., extradural cyst [6, 13, 17, 38, 59, 76].

Bracing and Casting

Bracing has a significant

psychological impact and is

therefore not harmless

It is well known from scoliosis patients that bracing can cause substantial psy-
chological distress in an adolescent child [20, 42, 49, 54] and should therefore not
be considered a harmless treatment. It has, however, also been shown that these
adverse effects do not occur if the patient is well supported by the family [52]
(Case Study 1). The indication for bracing should be based on correct indica-
tions, i.e.:

) a mobile kyphotic deformity over 45 degrees
) substantial remaining growth (>1 year)

a b c d

Case Study 1

A 15-year-old otherwise healthy boy was referred by the school doctor. Within 1 year, he had developed a thoracic hyper-
kyphosis with disturbing thoracolumbar pain at rest, exacerbating after activity. There was no radiating pain (a). During
physical examination a mobile slightly painful hyperkyphosis reaching from the midthoracic to the upper lumbar spine
was noticed. Bilateral hamstring tightness was 45 degrees. No pathologic neurological signs were present (b). On the
standing lateral radiograph, thoracic kyphosis measured 85 degrees with typical Scheuermann’s changes from T6 to L2 (c).
The standing posteroanterior film did not show anything pathologic (d). On the supine extension radiograph, the kypho-
sis decreased to 44 degrees.
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f g hCase Study 1 (Cont.)

As the kyphosis was very mobile and a considerable amount of growth was left (Risser 0, skeletal age 13.5 years), brace
treatment (23 h/day) in combination with spinal extensor muscle strengthening exercises was started. The deformity
corrected in the brace to 44 degrees (e). The compliance of the patient was excellent. Weaning from the brace was
started after 2 years of treatment. One year after weaning, the patient was free of symptoms. Thoracic kyphosis mea-
sured 47 degrees (f ). Sixteen years after weaning, the patient is free of symptoms. The cosmetic appearance is acceptable
(g). On the standing lateral radiograph, the thoracic kyphosis measures 58 degrees (h).

During growth, brace

treatment is indicated

for mobile deformities

over 45 degrees

Bracing and/or casting is known to become ineffective once the patient’s Risser
sign is 4 or 5. Bradford et al. reported on the results with the Milwaukee brace
treatment [14, 60]. Compliant patients had stabilization or a slight improvement
of their deformity. Patients with initial curves above 75 degrees required surgery
in 30% of cases [14, 60]. Montgomery and Erwin treated 39 patients with a Mil-
waukee brace for 18 months on average. The mean kyphosis at the beginning of
treatment was 62 (43–87) degrees. At the end of brace treatment, mean kyphosis
measured 41 degrees. During follow-up, they saw on average a loss of correction
of 15 degrees. Thus, the final mean result was 54 degrees [43]. Soo et al. stated in
their long-term follow-up study that patients treated by bracing or surgery had
improved self-image. Patients with kyphosis over 70 degrees at follow-up had an
inferior functional result [66]. Because of compliance problems with the Milwau-
kee brace, other braces such as the modified Boston or the modified Milwaukee
have been tried and have also been shown to be effective. Gutowski and Renshaw
used a Milwaukee brace and a Boston lumbar orthosis. For compliant patients
they achieved an average kyphosis improvement of 27% with the Boston brace
and 35% with the Milwaukee. Compliance with the Boston brace, however, was

Brace treatment is not

effective for a shorter

duration than 18 months

twice as good as with the Milwaukee brace (61 vs. 29%) [26]. Brace treatment
must usually be carried out for a minimum of 18 months to have an effect on the
vertebral wedging. In cases of rigid juvenile kyphosis, serial casting has been
advocated by some authors [55, 68], but it is increasingly being abandoned
because it is very inconvenient for the patient.
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Table 6. Indications for surgery

Absolute indications Relative indications

) neurological compromise ) progressive curves
) adolescents with curves > 75 degrees
) painful curves
) cosmetic aspects

Operative Treatment

Indication for operation

is not well defined

Indications for surgery in juvenile kyphosis are still not well defined, due to the
benign natural history of this condition and the lack of comparative long-term
follow-up data after operation.

Neurological compromise

is the only absolute surgical

indication

The only absolute indication for surgery is a neurological compromise due to
an increase in kyphosis, a disc protrusion or other intraspinal pathology with
neurological compromise. Such complications are fortunately exceptional and
would require spinal cord decompression through an anterior approach. Apart
from these rare neurological complications, there is no evidence based indica-
tion for surgery.

Relative indications for surgical correction of the juvenile kyphosis are:

) kyphotic deformity over 75 degrees
) rapidly progressive severe curve
) persistent pain unresponsive to non-operative care

According to the literature, operative treatment should be considered in patients
presenting with a kyphotic deformity of over 75 degrees as severe curves tend to
progress over time for biomechanical reasons. The assessment and the decision-
making should not be based only on the Cobb angle, i.e. the degree of kyphosis.
The localization of the apex of the deformity is of equal great importance. A low
thoracic kyphosis with an apex close to the thoracolumbar junction has a more
significant effect on the sagittal alignment of the spine than a deformity with the
apex in the midthoracic area.

Kyphosis over 75 degrees

and/or persistent pain

are generally accepted

indications for operation

Another indication for operation is significant pain not responding to conser-
vative measures. The problem with pain as an indication, however, is that pain is
impossible to measure objectively and the causal relation between pain and
kyphosis is unclear. In addition, it has not been possible to establish a correlation
so far between the amount of postoperative kyphosis correction and the patient’s
clinical outcome [31, 56].

Surgery must be weighed

against natural history

and potential complications

The surgical indications can only be looked at on a case-by-case basis because
the natural history is generally benign and complications from surgery cannot be
ruled out. Overtreatment must be avoided. According to Ascani and La Rosa [2],
subjects who enjoy relatively good health and have a relatively benign prospect
for adult life must not be “normalized” from a morphologic point of view.

Preoperative Assessment

The preoperative work-up will focus on the patient’s pain and/or cosmetic con-
cerns, trying to identify the motivation of the patient. Preoperative assessment
should include:

) assessment of hamstring tightness
) search for neurological findings
) pulmonary function tests (in severe deformities)
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) radiographs (standing up, lateral, extension views)
) MRI
) clinical photograph (for outcome evaluation)

Hamstring tightness in adolescent patients with thoracic hyperkyphosis was
observed by Lambrinudi [34]. He believed that it would be the primary cause of
the deformity. This theory, however, could not be proven. The importance of

Tight hamstrings are a

potential cause of

postoperative sagittal

decompensation

tight hamstrings has recently been emphasized as a possible cause of sagittal
decompensation after operation. Preoperative hamstring tightness predicts a
limited lumbar and pelvic range of motion, i.e. a limited ability to adapt to curve
correction. Therefore, patients with tight hamstrings have a significantly higher
risk of postoperative sagittal imbalance [30]. MRI before surgery is recom-
mended to rule out any cord compression, thoracic disc herniation, epidural cyst,
possible spinal stenosis and concomitant spondylolysis (frequent). The literature
has shown exceptional cases in various case reports of neurological complica-
tions in Scheuermann’s kyphosis [6, 13, 16, 17, 38, 50, 74].

General Principles

The operative approach is based on the analysis of the pathoanatomical features
of the deformity. The hyperkyphosis is the result of marked structural changes in
the bones and in the soft tissues of the affected area (Table 7, Fig. 9a).

For optimal correction of the deformity these obstacles of reduction have to be
assessed and addressed individually. Several questions should be answered while
planning the operative strategy:

) Does the curve need an anterior release?
Posterior surgery alone is sufficient if the rigidity of the anterior structures
is not too severe, for instance in patients before growth arrest. Bradford et
al. described significant loss of correction after posterior Harrington instru-
mentation especially in patients with a kyphosis greater than 70 degrees
despite postoperative casting [15]. They therefore proposed combined sur-

Table 7. Structural changes in juvenile kyphosis

Anterior column Posterior column

) wedged vertebral bodies
) disc space narrowing
) premature disc degeneration
) contracture of the anterior longitudinal ligament

) relative overgrowth of posterior elements (broad laminae, long
spinous processes)
) reduced mobility of intervertebral joints
) narrow interlaminar spaces

Figure 9. Surgical release

Structural changes to be addressed during surgery: a, b anterior release: stiffness of intervertebral disc and anterior lon-
gitudinal ligament; and c, d posterior release: overgrowth of the posterior elements.
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gery in these severe cases. Lowe recommends posterior surgery alone only
for immature patients. In his opinion adolescents and adults need combined
surgery [40]. With modern third generation instrumentation systems, loss
of correction after posterior surgery no longer seems to be a problem. Hos-
man et al. did not see any differences in radiological or clinical outcome in a
comparison of anterior surgery alone versus combined surgery. They con-
cluded that anterior release is indicated only if bony bridges between the
vertebrae are present or in kyphosis greater than 100 degrees [31].
) What levels have to be included in the fusion?

Instrumentation should be carried out proximally from the upper end-ver-
tebra of the kyphosis (usually T2, T3, or T4) down to the upper lumbar
spine including the first lordotic disc space (usually L1, L2, or L3).
) Which technique of correction should be used?

The correction principle preferred by most surgeons nowadays is cantilever
correction performed using two or four rods, which results in a tension
bend with posterior segmental compression. The vertebrae around the apex
of the deformity are usually not instrumented.
) What is the target correction?

In the individual patient, it is impossible to define the optimal degree of tho-
racic kyphosis. The amount of correction should not exceed the ability of
the adjacent mobile spinal segments to realign. The degree of hamstring
tightness should be assessed and taken into consideration during planning.
A kyphosis correction of more than 50% of its initial value should be

The clinical outcome is not

dependent on the amount

of correction but rather

on sagittal balance

avoided as it bears the risk of imbalance or junctional kyphosis [31]. Correc-
tion of the deformity to the high “normal” kyphosis range of 40–50 degrees
seems to be advisable in order to avoid postoperative imbalance [31]. There-
fore, straighter is not necessarily better in the operative treatment of Scheu-
ermann’s kyphosis (Table 3).

Operative Technique

The first long-term results of Scheuermann’s kyphosis correction by posterior
instrumentation using flexible Harrington compression rods and fusion were
published by Bradford et al. in 1975 [15]. They reported on 22 patients with very
satisfactory subjective outcome but a significant loss of correction, as seen also
by other authors [25, 35]. Therefore, they changed their technique by adding
anterior release and bone grafting to achieve circumferential fusion. Because of
the flexibility of the instrumentation, postoperative cast immobilization from 9
to 12 months was deemed necessary. Using this technique in 24 patients, signifi-
cant loss of correction (>10 degrees) was observed only in five patients outside
the fusion area due to insufficient length of the instrumentation. Radiographi-
cally, mean kyphosis improved from 77 degrees preoperatively to 47 degrees at
follow-up. There were no neurological complications and no fatalities. Pulmo-
nary embolus, atelectasis, and hemothorax occurred in two patients each, vascu-
lar obstruction of the duodenum, deep wound infection, and pericardial effusion
in one patient each. The clinical appearance was markedly improved in all
patients. Twenty-three of the 24 patients experienced significant pain relief [12].
Using modern rigid posterior double-rod instrumentation allows for immediate

Additional anterior release

appears not to influence

clinical outcome

mobilization of the patients without a brace or cast. The rate of correction loss
has diminished considerably, and in our time anterior surgery has become neces-
sary only in extreme cases. Hosman et al., who used rigid posterior double-rod
instrumentation, did not see any difference in outcome on comparing patients
who had posterior surgery only with patients who had undergone additional
anterior release [31].
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Kyphosis correction by anterior instrumentation and fusion has been performed
in some centers very recently. The aims are to save spinal segments and to avoid
damage to the paraspinal muscles. There are, however, no reports yet on the out-
come of this procedure.

Posterior Approach

The basic steps of the classical posterior procedure for Scheuermann’s kyphosis
are:

) posterior release
) correction and internal fixation using posterior instrumentation
) posterior fusion with bone graft

Spinal cord monitoring and the possibility for a wake-up test are absolutely indis-
pensable for a safe surgical correction of the kyphotic deformity.

Posterior Release, Correction, and Fusion

The goal is shortening of the posterior column to allow for extension of the spine.
The posterior release encompasses the resection of:

) spinous processes
) ligamenta flava
) upper and lower margins of the laminae
) facet joints

in the area of the deformity (usually four to six segments) (Fig. 9b, c).

Instrumentation includes

the upper kyphosis end

vertebra and the first

lordotic segment

Instrumentation and correction of the deformity follow the cantilever and poste-
rior tension bend (compression) principle. The uppermost instrumented verte-
bra is the upper end vertebra of the deformity. Distally, the first lordotic segment
caudal to the apex should be included [39, 40, 41, 53, 56].

Claw constructs or pedicle screws are used above the apex of the deformity,
pedicle screws in the lower part of the instrumentation. A two-rod construct
(Case Study 2) or a four-rod construct can be used for the correction maneuver
(Fig. 10a, b). Stiff rods should be chosen to minimize the risk of loss of correction.

a b

Figure 10. Cantilever technique

Instrumentation/correction using cantilever and posterior tension band principle: a two-rod technique and b four-rod
technique.
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Case Study 2

A 16-year-old male student was admitted for
assessment and treatment of thoracic hyperky-
phosis. The patient had no earlier treatment or
radiographs. The deformity had developed dur-
ing 3 years. He complained about mild thoraco-
lumbar pain after exercising and was dissatisfied
with the cosmetic appearance of his back. Other-
wise, he was healthy. Clinically, he exhibited the
typical features of Scheuermann’s kyphosis in
the lower thoracic spine (a–c) . The deformity was pain free and corrected partially in extension. Bilateral hamstring tight-
ness of 50 degrees was present, and there were no pathologic neurological signs. On the standing lateral radiograph,
thoracic kyphosis measured 95 degrees (d). It corrected to 54 degrees on the supine extension film (e). Around the apex
(T8) there were five wedge vertebrae. The standing posteroanterior radiograph was normal (f ). MRI showed typical
Scheuermann’s changes, and no cord compression or other pathology (g).

During the correction maneuver the area of the release should be watched very
carefully to detect and avoid cord compression due to translation of the vertebrae
or kinking of the laminae. The interlaminar gaps should not be fully closed at the
end of the correction maneuver to allow for drainage of possible hematoma.
After instrumentation the posterior elements of the area are decorticized with
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Case Study 2 (Cont.)

As the deformity was relatively mobile, brace treatment was considered. It was, however, discarded because of the mini-
mal remaining spinal growth left (Risser 4, skeletal age 18 years). A posterior release, Universal Spine System (USS) instru-
mentation/correction using the two-rod cantilever tension band principle, and a posterior fusion from T2 to L2 were per-
formed. There were neither intraoperative nor postoperative complications. The cosmetic result looked very satisfactory
(h, i). On radiographs 6 months after operation, thoracic kyphosis measured 48 degrees (j, k).

great care and packed with autogenous or allogenous bone graft to achieve a
thick solid fusion mass. Spinal cord monitoring and/or wake-up test are manda-
tory. Prophylactic antibiotics are recommended.

Combined Anterior/Posterior Approach

A combined anterior/poste-

rior approach is indicated in

very rigid kyphosis

In very rigid severe deformities, especially in adult patients, a combined
approach may be considered (Fig. 9d). However, there are no scientifically based
numeric data available informing the surgeon which cases need additional ante-
rior release and which can be treated by posterior approach only. Halo-femoral
traction, used by some authors during the interval between staged anterior and
posterior surgery, does not seem to improve final results [12, 29].

Through an anterior approach the rib heads, the anterior longitudinal liga-
ment, the intervertebral discs down to the posterior longitudinal ligament, and
the cartilaginous vertebral endplates in the area of the deformity are resected.
The disc spaces are distracted and filled with bone graft (morcellized rib). Tradi-
tionally, this has been performed through a thoracotomy as an open procedure.
The literature has shown that thoracoscopic anterior release is effective in
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Scheuermann’s kyphosis [1]. Its definitive advantages over classic open thoracot-
omies are cosmesis and less morbidity. It does, however, have a considerable
learning curve [45].

Results of Operative Treatment

Surgery provides

a favorable outcome

in selected cases

Outcome data after operative treatment of Scheuermann’s kyphosis comprise
mainly retrospective short-term or mid-term follow-up reports. Results are ana-
lyzed usually according to the two major indications for which the surgery was
carried out: pain and deformity. As far as pain is concerned, all series report an
improvement in the amount of back pain of between 60% and 100% [12, 15, 29,
31, 60]. Hosman et al. showed a marked improvement concerning back pain in 31
out of 33 patients after a mean follow-up of 4.5 years. However, neck pain did not
seem to have improved after surgery. Interestingly, no relationship between the
amount of correction and the amount of residual back pain was found. As far as
patients’ satisfaction is concerned, most series report a very high satisfaction rate
of up to 96% [31].

As no cosmetic scale has been available for the assessment of juvenile kypho-
sis, one has to judge the cosmetic correction on plain radiographs, which repre-
sent an extrapolation of the cosmetic results. The rate of correction given in the
different surgical series is 21–51%. Loss of correction in the instrumented area
is minimal at present due to the rigidity of instrumentation systems used
(Table 8). Ideally, the result of correction of juvenile kyphosis should be assessed
according to patient satisfaction and improvement of perceived self-image and
independent judgement of clinical photographs before and after the surgery by
non-medical observers. The literature definitively lacks such information. The
results of corrective surgery should not be based on Cobb angle correction alone
but rather on outcome instruments such as the SRS 24, the sagittal balance of the
patient, and the assessment of spinal mobility and function. So far, only Poolman
et al. have used the SRS questionnaire instrument, which includes assessment of
the cosmetic situation [56].

Table 8. Surgical treatment of juvenile kyphosis

Author N Technique Follow-up
time
(months)

Kyphosis
(degrees)

Outcome/complications Conclusions

Bradford
et al.
(1974)

22 post Harrington
compression

35 (5 – 92) pre 72 (50 – 128) pain relief 100 %, cosmesis
improved 100 %

complications frequent

cast for
9.8 months

follow-up 47
(29 – 88)

pseudarthrosis 3, infection 1,
thromboembolia 1, neurologi-
cal 1

indication restricted to
patients with severe pain

correction: 35 % need for combined
approach to avoid loss
of correction

loss > 10 in
15/22 patients

Taylor et
al. (1979)

27 post Harrington
compression

26.6 (6 – 72) Pre 72 (55 – 93) pain relief 100 %, cosmesis
improved 100 %

instrument/fusion too
short leading to loss of
correction

cast for
5 months

follow-up 46
(23 – 63)

new neck/shoulder pain 9/27
patients

recommendation to
fuse whole curve

correction: 36 % intraoperative lamina fracture 1,
pneumothorax 1, donor-site
hematoma 3, transient paresthesia
1, gastrointestinal obstruction 1

loss of correction:
in fusion: 7
outside: 12
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Table 8. (Cont.)

Author N Technique Follow-up
time
(months)

Kyphosis
(degrees)

Outcome/complications Conclusions

Bradford
et al.
(1980)

24 anterior release 24 – 68 pre 77 (54 – 110) hook site pain 2, fusion extended
for pain 1, pulmonary embolus/
deep femoral thrombosis 2, deep
infection 1, vascular obstruction
of duodenum 1, hematothorax 1,
pericardial effusion 1, pseudar-
throsis 1, intercostal neuroma 1,
discomfort at lower hook 3 (2
removed)

correction after com-
bined approach supe-
rior to anterior only but
greater morbidity

Halo traction
2 weeks

follow-up 47
(30 – 67)

post Harrington
compression

correction: 39 %

Risser cast
9 – 12 months

loss of correc-
tion: mean 6
outside fusion:
13 – 25 in 5
patients

Herndon
et al.
(1981)

13 anterior release 29 (12 – 66) pre 78 (61 – 95) pain relief in 8/13 patients, cos-
mesis improved 100 %

significant risk of
severe complications

Halo traction
2 weeks

follow-up 45
(30 – 73)

mortality 1, instrumentation
problems 2, transient neurology
1, pressure sore 1, urinary reten-
tion 1, deep thrombosis 1, psy-
chological problems in halo 1

no advantage from
preoperative halo;
deformities over 70°
need combined
approach

post Harrington
compression

correction: 51 %

Risser cast
6 months

Lowe
(1987)

24 anterior release 32 (19 – 48) pre 84 (72 – 105) pain relief in 18/24 patients,
cosmesis improved 100 %

longer follow-up neces-
sary

Halo gravity
1 week

follow-up 49
(30 – 65)

transient hyperesthesia of trunk
and lower extremity 4, rod
removal for bursa 4, fusion too
short distally 2, rod migration 1

hyperesthesia worri-
some

posterior Luque
double rod

correction: 43 % good patient accep-
tance

no external sup-
port

loss of correc-
tion: mean 5

Lowe and
Kasten
(1994)

32 anterior release
+ posterior
Cotrel-Dubous-
set instrumen-
tation in 28
patients

42 (24 – 74) pre 85 (75 – 105) preoperative back pain 27/28
patients, at follow-up 18/28
mild back discomfort with vig-
orous activities

indication for surgery
symptomatic kyphosis
> 75°

4 patients post
C-D only

follow-up 47
(24 – 65)

cosmetically satisfied 26/28
patients

negative sagittal bal-
ance in Scheuermann’s

correction: 45 % proximal junctional kyphosis
26° (12°–49°) in 10/28 patients
due to overcorrection (> 50 %)
or short fusion

avoid overcorrection to
avoid junctional kypho-
sis

loss of correc-
tion: 4 (0 – 19)

distal junctional kyphosis 17°
(10°–30°) in 9/28 patients due to
short fusion

include proximal end
vertebra and first lor-
dotic segment distally

sagittal balance:
pre –5.3 cm
follow-up
–6.6 cm

Otsuka et
al. (1990)

10 posterior heavy
Harrington
compression

27 (18 – 33) pre 71 (63 – 90) pain relief 100 %, cosmesis
improved 100 %

good cosmesis
improvement and pain
relief

Brace
6 – 9 months

follow-up 39
(28 – 57)

rod breakage after motor vehi-
cle accident 1, intraoperative
lamina fracture 1

in flexible kyphosis
(bending to < 50°) pos-
terior surgery only is
sufficient

correction 45 % lung problems in patient with
preoperative congenital
obstructive lung disease 1

loss of correc-
tion: 8

Fusion too short 3

in 3/10 patients
loss > 10
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Table 8. (Cont.)

Author N Technique Follow-up
time
(months)

Kyphosis
(degrees)

Outcome/complications Conclusions

Reinhardt
and
Bassett
(1990)

14 post Harrington
compression

32 (12 – 65) pre 71 (54 – 101) clinical outcome and complica-
tions not mentioned

to avoid junctional
kyphosis, fusion
beyond the end verte-
bra to a non-wedged
(“square”) vertebra nec-
essary

anterior release
in 6/14 patients

follow-up 37
(15 – 54)

distal junctional kyphosis 23°
(15°–31°) in 5/14 patients

cast or brace for
6 months

correction: 48 % proximal junctional kyphosis
34° in one patient

loss of correc-
tion: 8 (4 – 14)

Poolman
et al.
(2002)

23 anterior release 75 (25 – 126) pre 70 (62 – 78) SRS outcome instrument at fol-
low-up: total score 83 (55 – 106),
7 patients < 72

outcome relatively fair

post Cotrel-
Dubousset
13/23

follow-up 55
(36 – 65)

back pain increased 4, back pain
improved 10, self-image
improved 10, self-image wors-
ened 3, would have the proce-
dure again 16, no correlation
SRS score vs. radiography

loss of correction after
implant removal

Moss-Miami
10/23

correction: 21 % aorta + thoracic duct lesion 1,
proximal junctional kyphosis 3,
screw breakage 3, painful hard-
ware 6

indication for surgery
questioned

loss of correc-
tion: mean 15°
in 8 patients
after rod
removal

Hosman
et al.
(2002,
2003)

33 posterior H-
frame instru-
mentation

A. Post only
50 (25 – 93)

A + B Pre 79
(70 – 103)

Oswestry Disability Index Pre
21.3 (0 – 72), follow-up 6.6
(0 – 52)

good radiographic and
clinical results. No bene-
fit from anterior release.
Excessive correction
should be avoided to
minimize risk for postop-
erative sagittal malalign-
ment.

anterior release
in 17/33
patients,

B. Combined
55 (24 – 98)

follow-up 52
(32 – 81)

no difference if compared pos-
terior only versus combined sur-
gery

orthosis
3 months

correction: 34 % cosmesis improved 100 %

loss of correc-
tion: mean 1.4°

infection 3, instrumentation
removal for prominence or irri-
tation 4, loss of distal fixation
(reop.) 1, rod breakage 1, proxi-
mal junctional kyphosis 1

patients with ham-
string tightness have
significantly higher risk
for postoperative sagit-
tal imbalance

no difference A
vs. B

Complications

Operative kyphosis

correction carries the risk

of major complications

Surgery on juvenile kyphosis is not benign and complications can occur. Neu-
rological complications due to spinal cord compression can arise during the
correction maneuver because of a rare but preoperatively undetected intraspi-
nal problem, or due to a surgical technique failure. The exact rate of neurologi-
cal complications is not known in surgery of juvenile kyphosis. Probably, it
is higher than for idiopathic scoliosis operations. Possible complications such
as death, dura lesion, vascular lesion, lamina fracture, Brown-Séquard
syndrome, pulmonary problems, venous thrombosis, gastrointestinal ob-
struction, infection, instrument failure, and pseudarthrosis have been
described as in any major corrective procedure for spinal deformities [2, 4, 12,
15, 29, 39, 53, 56].

Postoperative sagittal

imbalance must be avoided

Proximal junctional kyphosis due to overcorrection occurs in 20–30% of
cases according to Lowe and Kasten [41]. Distal junctional kyphosis due to short
fusion causing loss of correction (“adding on”) outside the instrumented area has
been reported by several authors [12, 26, 29, 41, 58, 67]. Reinhardt and Bassett
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saw distal junctional kyphosis if fusion was carried out to a wedged caudal end
vertebra of the kyphosis. They recommend including the next “square” vertebra
to allow smooth transition into lumbar lordosis [58]. Lowe postulates three pos-
sible mechanisms: firstly, fusion that is too short, distally stopping above the first
lordotic disc, results in distal junctional kyphosis; secondly, fusion that is too
short proximally and does not include the whole kyphosis on the top may cause
proximal junctional kyphosis and a goose neck appearance. Finally, overcorrec-
tion seems to be a factor and one should not correct the kyphosis to more than
50% of its initial value [40]. In the case of overcorrection, possibly the remaining
mobile segments below the fusion are unable to adapt to the alignment changes
caused by excessive kyphosis correction. As a result this leads to permanent
increased flexion stress on the segment adjacent to the fusion, finally causing its
breakdown. This view is supported by Hosman et al. [30], who stressed the
importance of tight hamstrings for surgical correction.

According to Poolman et al., significant loss of correction occurs after removal
of the instrumentation even if the fusion is healed [56]. Therefore, the metal
should not be removed if it is not imperative to do so, e.g. in the case of infection.

The benign natural history

must be weighed against

the risks of the surgery

Overall, surgery in Scheuermann’s kyphosis bears the risk of serious complica-
tions, a risk the surgeon should be aware of. The benign nature of the deformity
should be kept in mind, and the risks and benefits of an operation should be
weighed up carefully.

Recapitulation

The sagittal alignment of the human spine devel-
ops during growth and shows great individual vari-
ability. The range of thoracic kyphosis in healthy
people ranges from 10 to 60 degrees. There are no
evidence-based “normal values”.

Definition and epidemiology. “Classic” juvenile ky-
phosis (Type I) is a rigid thoracic or thoracolumbar

hyperkyphosis due to wedge vertebrae develop-
ing during adolescence. The incidence is 1 – 8 % ac-
cording to the literature. Atypical juvenile kyphosis
(Type II, “lumbar” Scheuermann’s kyphosis) affects
mainly the lumbar spine, is characterized by end-
plate changes of the vertebral bodies without sig-
nificant wedging, and leads to loss of lumbar lordo-
sis (flat back).

Pathogenesis. The exact etiology is unknown. Ge-
netic, hormonal, and mechanical factors have been
discussed. A disturbance of the enchondral ossifica-
tion of the vertebral bodies leads to wedge verte-
bra formation, causing increased kyphosis. Type II is
frequently seen in athletes as a sequela of axial
overloading.

Clinical presentation. A rigid thoracic hyperkypho-
sis with or without pain is the reason for consulta-

tion. Hamstring tightness is common. Abnormal
neurological signs are rare. In Type II, the lumbar
spine is stiff and pain symptoms are more promi-
nent.

Diagnostic work-up. Diagnosis is based on typical
changes seen on lateral standing plain radiographs:
hyperkyphosis, irregularity of the endplates,
wedged vertebrae, increased sagittal length on the
vertebral bodies, and narrowed disc spaces.
Schmorl’s nodes may be present but they are not
pathognomonic. MRI is taken if abnormal neuro-
logical signs are observed or in connection with
preoperative work-up.

Non-operative treatment. The general objectives
of treatment are to prevent progression of the
kyphosis, to correct the deformity, and to relieve
pain. The choice of treatment must consider the
natural history, which is benign in the majority of
cases. In Type I, back pain is common but usu-
ally mild. Type II and kyphosis of greater than 70 de-
grees causes more clinical symptoms. Pulmonary
compromise occurs only in severe deformities
(> 100 degrees). Bracing and casting are effective in
mobile deformities of between 45 and 60 degrees if
at least 1 year of growth is left.
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Operative treatment. The only absolute indication
for surgery is a neurological compromise (spastic
paraparesis). Kyphosis greater than 75 degrees,
pain, and severe cosmetic impairment are relative
indications. The benign natural history should be
kept in mind and overtreatment must be avoided.
Posterior correction, instrumentation and fusion
are sufficient in the majority of cases. In very severe

rigid deformities a combined approach with addi-
tional anterior release can be considered. The oper-
ative results are good in most cases concerning
pain relief and cosmesis. Severe intra- and postop-
erative complications have been described. The
risks and benefits of operative treatment must be
weighed carefully against the benign natural his-
tory.
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dally to the sacrum.
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rection. Spine 19:2252–9
The author reviewed 33 patients with juvenile kyphosis who underwent surgical correc-
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A cohort of 33 patients who had undergone surgery for their Scheuermann’s kypho-
sis were reviewed: Group A: posterior technique (n=16); Group B: anteroposterior
technique (n=17). At follow-up evaluation (4.5±2 years) there was no difference in
curve morphometry, correction, sagittal balance, average age, and follow-up period
between Groups A and B. In reducing postoperative sagittal malalignment, the
authors believe that surgical management should aim at a correction within the high
normal kyphosis range of 40–50 degrees, consequently providing good results and,
particularly in flexible adolescents and young adults, minimizing the necessity for an
anterior release.
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Sixty-seven patients who had a diagnosis of Scheuermann kyphosis and a mean angle of
kyphosis of 71 degrees were evaluated after an average follow-up of 32 years. The results
were compared with those in a control group of 34 subjects who were matched for age and
sex: The patients who had juvenile kyphosis had more intense back pain, jobs that tended
to have lower requirements for activity, less range of motion of extension of the trunk and
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less-strong extension of the trunk, and different localization of the pain. No significant
differences between the patients and the control subjects were demonstrated for level of
education, number of days absent from work because of low-back pain, extent that the
pain interfered with activities of daily living, presence of numbness in the lower extremi-
ties, self-consciousness, self-esteem, social limitations, use of medication for back pain,
or level of recreational activities.

Poolman RW, Been HD, Ubags LH (2002) Clinical outcome and radiographic results
after operative treatment of Scheuermann’s disease. Eur Spine J 11: 561–9
This paper is a prospective study to evaluate radiographic findings, patient satisfaction
and clinical outcome, and to report complications and instrumentation failure after
operative treatment of Scheuermann’s kyphosis using a combined anterior and poste-
rior spondylodesis. Significant correction was maintained at 1 and 2 years follow-up but
recurrence of the deformity was observed at the final follow-up. The late deterioration of
correction in the sagittal plane was mainly caused by removal of the posterior instru-
mentation, and occurred despite radiographs, bone scans and thorough intraoperative
explorations demonstrating solid fusions. There was no significant correlation between
the radiographic outcome and the SRS score. Therefore, the indication for surgery in
patients with Scheuermann’s disease can be questioned and surgery should be limited to
patients with kyphosis greater than 75 degrees in whom conservative treatment has
failed.

Soo CL, Noble PC, Esses SI (2002) Scheuermann kyphosis: long-term follow-up. Spine J
2:49–56
Sixty-three patients were evaluated a mean of 14 years after treatment (10–28 years)
using a specially designed questionnaire. The patients had been treated using three dif-
ferent treatment modalities: exercise and observation, Milwaukee bracing, and surgical
fusion using the Harrington compression system. At the time of follow-up evaluation,
there were no differences in marital status, general health, education level, work status,
degree of pain and functional capacity between the various curve types, treatment
modality and degree of curve. Patients treated by bracing or surgery did have improved
self-image. Patients with kyphotic curves exceeding 70 degrees at follow-up had an infe-
rior functional result.

Stagnara P, De Mauroy JC, Dran G, Gonon GP, Costanzo G, Dimnet J, Pasquet A (1982)
Reciprocal angulation of vertebral bodies in a sagittal plane: Approach to references for
the evaluation of kyphosis and lordosis. Spine 7:335–342
This report establishes a table of references for kyphosis and lordosis in a sample of
100 healthy adults (43 females, 57 males, age 20–29 years) from France. Segmental
measurements were carried out from standing lateral radiographs of the whole spine.
Mean thoracic kyphosis was 37 degrees (range 7–63); mean lumbar lordosis was
50 degrees (range 32–84). The majority of individuals had a thoracic kyphosis of
between 30 and 50 degrees. There was a correlation between sacral slope and lumbar
lordosis and thoracic kyphosis. The considerable variability is stressed. As the distri-
bution was found to be irregular, the authors consider it unreasonable to speak of nor-
mal kyphotic or lordotic curves. They state that average values are only indicative not
normative.
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Malformations of the Spinal Cord

Dilek Könü-Leblebicioglu, Yasuhiro Yonekawa

Core Messages

✔ Spinal cord malformations ( = spinal dysra-
phisms) are usually diagnosed at birth or early
infancy (open spinal dysraphism, closed spinal
dysraphisms with a back mass) but are some-
times not discovered before adulthood

✔ Spinal cord malformations arise from defects
occurring in the embryological stages of gas-
trulation (weeks 2 – 3), neurulation (weeks 3 – 6)
and caudal regression

✔ The term “spina bifida” merely refers to a defec-
tive fusion of posterior spinal bony elements
but is still incorrectly used to refer to spinal dys-
raphism in general

✔ “Tethered spinal cord” is a broadly used
umbrella term for numerous spinal cord abnor-
malities, such as lipomyelomeningocele, previ-
ously operated on myelomeningoceles, or
thickened filum terminale, which tether (fasten,
fix) the spinal cord in the spinal canal

✔ Tethered cord syndrome is a stretch-induced
functional disorder of the spinal cord worsened
by daily, repeated mechanical stretching, and
distortion may even occur in patients who have
the conus at normal level

✔ Patients with spinal cord malformation are
either diagnosed at birth or present later
because of unexplained pain, neurological defi-
cits, unclear recurrent urologic infections, cuta-
neous markers or orthopedic deformities

✔ MRI is the imaging modality of choice and has
increased the number of tethered spinal cord
diagnoses

✔ Prenatal treatment encompasses prophylactic
folic acid substitution and intrauterine surgery

✔ Open spinal dysraphism is best surgically treated
postpartum to untether the spinal cord, prevent
infections, repair the dural/cutaneous defect, and
restore normal anatomy as far as possible

✔ Closed spinal dysraphism with tethered spinal
cord warrants early untethering, when mini-
mum or mild symptoms are detected

✔ Surgery after development of the deficits only
stops progression, but symptoms may even fur-
ther progress after detethering

✔ Individuals with spinal malformations need
both lifelong surgical and medical manage-
ment, which should be provided by a multidis-
ciplinary team

Epidemiology

Myelomeningocele

is the most common form

of open spinal dysraphism

Spine and spinal cord malformations are often collectively summarized under
the term of spinal dysraphisms [39]. This term was first employed by Lichten-
stein (1940) [36]. Open spinal dysraphism is a common congenital midline defect
of the nervous system and has been historically reported in 2–4/1000 live births
[14]. However, the true incidence of spinal dysraphism is not well studied. Myelo-
meningocele accounts for the vast majority of open spinal dysraphisms (98.8%)
[32, 39].

The incidence

of myelomeningocele

is 0.6 per 1 000 live births

Myelomeningocele occurs in 0.6 patients per 1000 live births, and females are
affected slightly more often than males (by a ratio of 1.3 to 3), with the first-born
usually affected [5, 39]. Myelocele is a rare malformation and represents only
1.2% of all open spinal dysraphisms [39]. The most common locations for these
malformations are, in decreasing frequency, lumbosacral, thoracolumbar and
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Case Introduction

A 17-year-old patient presented with progressive tethered
cord syndrome with worsening of hand functions and
some leg weakness and increasing spasticity. Postnatally
he had had a cervical myelomeningocele and had had
only “cosmetic” closure after the birth. The MRI showed a
widened spinal canal at C6–C1 (a, c), cord tethering dor-
sally at C6 – 7 and dorsal limited myeloschisis. It is possible
to see the hypotrophic right hand (b). This clinical worsen-
ing recovered after an intradural exploration and dissec-
tion of the stalk placode.

cervical spine [5, 39]. The incidence of myelomeningocele varies from country to
country and from one geographical region to another [20]. Since the early 1980s,
estimation of the prevalence of open spinal dysraphism in many industrialized
countries has been decreased by folic acid administration to pregnant women
and the availability of prenatal diagnosis and elective termination [20, 29, 48].
Patients with open spinal dysraphism almost always have associated Chiari II
malformation. There are also reports in the medical literature of an association
between closed spinal dysraphisms and Chiari II [41].

Spina bifida is present

in 90 – 100 % of patients

with tethered cord

Spina bifida occulta occurs in approximately 17–30% of the total population
and is present in 90–100% of patients with tethered cord [35, 61]. The dermal
sinus is a common abnormality and accounts for 23.7% of all closed spinal dysra-
phisms. Overall, caudal regression syndrome is not uncommon, accounting for
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16.3% of all closed spinal dysraphisms. Sacral agenesis occurs in approximately
one per 7500 births without a gender predisposition.

The conus normally

terminates at L2

In the normal adult population the conus terminates at L2 in 95% of cases [19,
48]. In its classical form, tethered cord implies a low-lying conus, but tethered
cord syndrome may occur in the presence of a conus in normal position [19, 37,
40, 46, 48, 54, 56]. Up to 15% of patients with repaired myelomeningoceles will
experience a secondary tethered cord syndrome later in life [36].

Pathogenesis

Embryological Aspects

Knowledge of normal embryology is essential for the understanding of the path-
ogenesis and a wide spectrum of pathoanatomy of spine and spinal cord anoma-
lies as well as tethered cord. The most comprehensive embryonic staging system
is that of O’Rahilly [23] and most of the information on early human develop-
ment has been obtained through study of the Carnegie collection [23]. Early neu-
ral development has been reviewed in various basic science articles [21].
O’Rahilly provides a timetable for each important event in early neural morpho-
genesis: the embryonic period begins at conception with stage 1 and ends at
stage 23. Beyond this time, the developing human enters the fetal period [6, 23]
(Table 1).

Table 1. Human embryogenesis

Weeks Days Carnegie
stage

Process Size (mm) Somite
number

Events

Embryonal
period

Week 1 1 1 fertilization 0.1 – 0.15 fertilized oocyte, pronuclei
2 – 3 2 cleavage 0.1 – 0.2 cell division with reduction in cytoplasmic

volume, formation of inner and outer
cell mass

4 – 5 3 blastula 0.1 – 0.2 loss of zona pellucida, free blastocyst
5 – 6 4 0.1 – 0.2 attaching blastocyst

Week 2 7 – 12 5 0.1 – 0.2 implantation
13 – 15 6 0.2 extraembryonic mesoderm, primitive

streak

Week 3 15 – 17 7 gastrulation 0.4 gastrulation, notochordal process
17 – 19 8 neurulation 1.0 – 1.5 primitive pit, notochordal canal
19 – 21 9 somatization 1.5 – 2.5 1 – 3 neural folds, cardiac primordium, head

fold

Week 4 22 – 23 10 2 – 3.5 4 – 12 neural fold fuses
23 – 26 11 2.5 – 4.5 13 – 20 rostral neuropore closes
26 – 30 12 3 – 5 21 – 29 caudal neuropore closes

Week 5 28 – 32 13 organogenesis 4 – 6 30 leg buds, lens placode, pharyngeal arches
31 – 35 14 5 – 7 lens pit, optic cup
35 – 38 15 7 – 9 lens vesicle, nasal pit, hand plate

Week 6 37 – 42 16 8 – 11 nasal pits moved ventrally, auricular
hillocks, foot plate

42 – 44 17 11 – 14 finger rays

Week 7 44 – 48 18 13 – 17 ossification commences
48 – 51 19 16 – 18 straightening of trunk

Week 8 51 – 53 20 18 – 22 upper limbs longer and bent at elbow
53 – 54 21 22 – 24 hands and feet turned inward
54 – 56 22 23 – 28 eyelids, external ears

Fetal
period

Week 9 56 – 60 23 phenogenesis 27 – 31 rounded head, body and limbs longer
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Relevant Embryogenetic Steps

Spinal cord embryological development occurs through three consecutive peri-
ods [11, 19, 26, 39, 48, 58]:

Gastrulation

The trilaminar embryo develops by day 18 of gestation. At this point, the embryo
is composed of endoderm, mesoderm and ectoderm. Shortly thereafter, the
mesoderm releases factors which induce the differentiation of the overlying neu-
roectoderm, thereby forming the neural tube.

Neurulation

After gastrulation the ectoderm above the notochord folds to form a tube, the
neural tube; this gives rise to the brain and the spinal cord, a process known as
neurulation. Primary neurulation (weeks 3–4): The process of fusion begins in
the region of the lower medulla and proceeds rostrally and caudally. The anterior
neuropore closes at about 24 days and the posterior neuropore at 26–28 days.
The brain and the spinal cord are formed by primary neurulation, which involves
the shaping, folding, and midline fusion of the neural plate. It is completed about
the 25–26th day of conception. The central canal is formed and is lined by epen-
dyma. The caudal cell mass, a group of undifferentiated cells at the caudal end of
the neural tube, develops vacuoles. These vacuoles merge together and expand,
ultimately meeting the central canal of the rostral cord and causing elongation of
the neural tube in a process called canalization. Secondary neurulation and ret-
rogressive differentiation (weeks 5–6) results in formation of the conus tip and

Filum terminale and conus

medullaris are formed

during the process

of neurulation

filum terminale. The formation of the lower lumbar, sacral, and coccygeal por-
tions of the neural tube are by canalization and retrogressive differentiation.
Overlapping with canalization, the process of retrogressive differentiation of the
caudal cell mass takes place. In this process, the filum terminale, conus medulla-
ris, and ventriculus terminalis are formed.

Caudal Regression

The conus medullaris

ascends during spinal

growth

At the time when the neurulation process is complete (weeks 6–7), the terminal
filum and cauda equina are formed from the caudal portion of the neural tube by
regression. The conus medullaris initially rests in the coccygeal region and
appears to ascend as the spine grows more rapidly than the cord. At birth the
conus is usually at the caudal level of L2–L3 and by 3 months of age it is at L1–L2,
where it remains (relative ascent of the spinal cord). The spinal cord terminates
at or above the inferior aspect of the L2 vertebral body in 95% of the population
and at or above the L1–L2 disc space in 57% of the population. The conus medul-
laris has reached its mature adult level at term in most infants and 100% of cases
at approximately 3 months after full-term gestation [39, 48, 58]. The conus
medullaris initially rests in the coccygeal region and appears to ascend as the
spine grows more rapidly than the cord. At birth the conus is usually at the caudal
level of L2–L3 and by 3 months of age it is at L1–L2, where it remains.

Interference with normal development at any stage is responsible for the vari-
ous abnormalities seen in the cases of spinal malformations [19, 26, 38, 39, 58]
(Table 2).
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Table 2. Embryological classification of spinal dysraphisms

Embryological stage Dysraphism

Gastrulation Notochordal integration ) neuroenteric cysts and fistula
) split cord malformations (diastematomyelia, diplomyelia)
) dermal sinus, fistula
) dermoid/epidermoid tumors

Notochordal formation ) caudal regression syndrome
) segmental spinal dysgenesis

Primary neurulation ) myelomeningocele
) myelocele
) lipomyelomeningocele
) lipomyeloschisis
) intradural spinal lipoma

Secondary neurulation ) tight filum terminale, filum terminale lipoma
Canalization
Retrogressive differentiation ) intrasacral meningocele, sacral cysts

Risk Factors

Most spinal cord anomalies result from a complex interaction between several
genes and poorly understood environmental factors. A list of variables have been
implicated as risk factors for spinal dysraphisms but only a few have been estab-
lished.

Genetic Factors

Family history is an

important risk factor

Spinal cord anomalies occur in many syndromes and chromosome disorders.
However, a spinal dysraphism may be the only anomaly in a member of a family,
in which case the relatives have an increased risk for all types of tethered cord. A
family history is one of the strongest risk factors [20, 26].

Environmental Factors

Periconceptual folic acid

substitution reduces the

incidence of neural tube

defects

Periconceptual multiple vitamin supplements containing folic acid reduce the
incidence of neural tube defects. In England and the United States, it is recom-
mended that women planning pregnancy take 0.4 mg folic acid daily before con-
ception and during the first 12 weeks of pregnancy [14, 44]. Up to 70% of spina
bifida cases can be prevented by periconceptional folic acid supplementation [20,
26].

Maternal Diabetes

Pre-gestational diabetes

is a risk faktor for spinal

malformation

In women with pre-gestational diabetes, the risk of having a child with a central
nervous system malformation (including spinal malformations) is twofold
higher than the risk in the general population [20].

Medication

Valproic acid or carbama-

zepine increases the risk

of spinal malformation

Some drugs taken during pregnancy may increase the risk. These include sodium
valproate and folic acid antagonists such as trimethoprim, triamterene, carb-
amazepine, phenytoin, phenobarbital and primidone [20].
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Pathophysiology of Tethered Cord Syndrome

Tethering of the spinal cord

results in progressive

neurological deficits

Tethered cord is a spinal cord malformation in which the spinal cord is fixed in an
abnormally low position and in a relatively immobile state [2, 19, 39, 46, 58]. In
this context, the term “tether” refers to “fasten” or “restrain”. Tethered cord exists
in open and occult forms of spinal dysraphisms [15, 48]. The normal spinal cord
is free, i.e. it is not attached to any surrounding structures in the spinal canal
except for denticulate ligaments and nerve roots. A tethered cord is tightly fixed
so that there is not a normal movement of the spinal cord. During the formation
of the embryonic spinal cord, it fills the entire length of the spinal canal. As the
fetus grows, the vertebral column grows faster than the spinal cord. Thus, the dis-
tal end of the spinal cord is located at the level of the first or second lumbar verte-
bral body (L1–L2). If there is an abnormality affecting this “ascension” of the spi-
nal cord (e.g. myelomeningocele, tight filum terminale, diastematomyelia, sec-
ondary scar formations, tumors), the spinal cord is tethered [50]. This results in
stretching of the spinal cord and causes neurological damage even during the
fetal period. By the time a child is born, the spinal cord is normally located
between the first or second lumbar vertebral body. After birth, continuing
growth puts further stretch on the tethered spinal cord; this damages the spinal
cord both by directly stretching it, and by interfering with the blood supply and
oxidative metabolism [51].

A tethered cord

can occur even with

a normal level conus

If neurological findings are already present the further clinical deterioration
can be anticipated. Since an adult spine is no longer growing, children are obvi-
ously more at risk than adults. However, even adults with tethered cord can show
deterioration. This is due to daily repetitive-cumulative stretching on the teth-
ered cord. A sudden flexion movement of the spine can also produce symptom-
atic onset of the tethered cord syndrome [9, 51]. Irreversible neuronal damage
can occur when there is sudden stretching of the already chronically tethered
conus [51]. Yamada and coworkers have nicely demonstrated changes in spinal
cord blood flow and oxidative metabolism following tethering of the spinal cord

A tethered cord can occur

with the conus at a

normal level

both in experimental animals and humans [9, 51, 52, 55, 58]. Usually a tethered
cord results in a low conus position. However, there are many cases of tethered
cord syndrome reported with the conus at a normal level [37, 40, 46].

Terminology and Classification

Spinal cord malformations can be categorized as:

) open spinal dysraphisms
) closed (occult) spinal dysraphism

Open spinal dysraphism is characterized by exposure of the abnormal spinal
nervous tissue and/or meninges to the environment through a bony and skin
defect. Open spinal dysraphism basically includes myelocele and myelomeningo-
cele. In closed spinal dysraphism, there is no exposure of neural tissue (covered
by skin). However, some kind of cutaneous stigmata, such as hairy patch, dim-
ples, or subcutaneous masses, can be recognized in up to 50% of closed forms
[15, 32, 47].

Spina bifida results from a defective fusion of posterior spinal bony elements
and leads to a bony cleft in the spinous process and lamina (L5 and S1). The term
has incorrectly been used to refer to spinal dysraphism in general [32, 39]. The
terms spina bifida aperta or cystica and spina bifida occulta were used to refer
to open spinal dysraphism and closed spinal dysraphism, respectively. These
terms have been progressively discarded [32].
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Table 3. Chiari malformations

Type 1 ) caudal displacement of the cerebellum
) cerebellar tonsils below the plane of the foramen magnum
) no involvement of the brainstem
) associated with occult spinal dysraphism (e.g. spinal lipomas)
) note – cerebellar ectopia can be a normal finding (up to 5 mm)

Type II ) small and crowded posterior fossa
) caudal displacement of the fourth ventricle and medulla into the upper

cervical canal
) tonsils can be at or below the level of the foramen magnum usually
) association with a variety of cerebral anomalies frequently associated with

myelomeningoceles

Type III ) displacement of the posterior fossa structures into the cervical canal (seldom
compatible with life)

Type IV ) cerebellar hypoplasia without herniation

Placode (neural placode) is a segment of non-neurulated embryonic neural tis-
sue. It is in contact with air in open spinal dysraphism and covered by the integu-
ment in closed spinal dysraphism. A terminal placode lies at the caudal end of
the spinal cord and may be apical or parietal depending on whether it involves
the apex or a longer segment of the cord. A segmental placode may lie at any level
along the spinal cord [32, 39].

Differentiate hydromyelia

from syringomyelia

Hydromyelia is the simple dilatation of the central canal and is lined by the
ependyma. An extension into cord parenchyma constitutes a true syringomyelia.
Two forms of syringomyelia can be differentiated:

) communicating syringomyelia
) non-communicating syringomyelia

Communicating syringomyelia is related to a primary dilatation of the central
canal and is usually associated with abnormalities of the craniocervical junction
(e.g. Chiari malformations). Non-communicating syringomyelia may result
from trauma, tumors or inflammation and does not communicate with the cen-
tral canal or the subarachnoidal space.

Chiari malformations are hind brain abnormalities and are observed in con-
junction with spinal cord malformations. They are categorized into four types,
with Types I and II accounting for 99% of the clinical cases (Table 3).

Classification of Spinal Malformation

From a clinical perspective, a practicable classification system of spinal cord
anomalies is needed. However, the large variety of features associated with these
anomalies makes such classification difficult. Classical classifications rely on the
embryological development cascade [11, 19, 22, 39, 58] (Table 4). We find the
mixed clinical-neuroradiological classification system presented by Donati et al.
[5, 32, 39] useful.

From the clinical perspective, a question framework to approach the spec-
trum of spinal cord malformation is useful:

) Is there a back mass?
) Is it covered with skin?
) Are there cutaneous markers?
) Is there a tethered cord syndrome?
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Table 4. Classification of spinal malformations

Spinal malformations with back mass
Open spinal dysraphism With a non-skin-covered back mass (spina bifida aperta)

) myelomeningocele Almost always associated with
Chiari II malformation) myelocele (myeloschisis)

Closed (occult) spinal
dysraphism

With a skin-covered back mass (spina bifida cystica)
) meningocele (posterior)
) myelocytocele
) lipomyelomeningocele/lipomyeloschisis

Spinal malformations without back mass
) spinal lipoma (intradural and/or intramedullary)
) anterior sacral/lateral thoracic meningocele
) tight filum terminale/filum terminale lipoma
) dermal sinus, fistula, dermoid/epidermoid tumors
) neuroenteric/bronchogenic cysts and fistula (split notochord syndrome)
) split cord malformations (diastematomyelia, diplomyelia)
) caudal regression/agenesis
) intrasacral meningocele/sacral cysts
) neuroectodermal appendages

Myelomeningocele and Myelocele

Myelomeningoceles and myeloceles are characterized by exposure of spinal
intradural elements through a midline defect to the air. The basic defect of mye-
lomeningocele is caused by an abnormality, which occurs at the stage of neurula-
tion that prevents the neural tube from closing dorsally [5, 19, 22, 27, 39]. A mye-
lomeningocele consists of a sac of exposed neural tissue-placode, which is clef-
ting dorsally, splayed open and herniates through a large dysraphic defect
through the bone and dura beyond the surface of the back. The cord is tethered
posteriorly at this level. In myelocele (synonym: myeloschisis), however, the neu-
ral placode is flush with the plane of the back and identifiable on the surface. All
children with myelomeningocele have tethered cord from the time of birth. One
can easily visualize how tethering of the spinal cord might occur (Case Study 1).

Patients with myelomeningocele and myelocele almost always (75–100%)
have associated Chiari II malformation (Table 3) [5, 14, 20, 32, 39]. Distortion
and maldevelopment of the medulla and midbrain can cause lower cranial nerve
palsies and central apnea (which may be misdiagnosed as epilepsy) [44].

Patients with myelo-

meningocele and myelocele

almost always have

associated Chiari II

malformation

Hydrocephalus may be present at birth, but usually appears within 2–3 days
after surgery [14, 32, 45]. The rate of hydrocephalus in patients with occult spi-
nal dysraphism has been reported to be over 80% [14, 43]. Hydromyelia may
occur in as many as 80% of these patients, and may be localized or extend
through the whole cord. It may cause rapid development of scoliosis if left
untreated [18, 29, 32].

Meningocele

The posterior meningocele consists of a herniated sac of meninges with CSF
protruding from the back and covered with skin. It is commonly lumbar or sacral
in location, but thoracic and even cervical meningoceles may be found. The spi-
nal cord and conus are seen in the normal position [5, 32, 39], although both
nerve roots and, more rarely, a hypertrophic filum terminale may course within
the meningocele. No part of the spinal cord is contained within the sac by defini-
tion [5]. The spinal cord itself is completely normal structurally, although it is
usually tethered to the neck of sacral meningoceles [39]. A Chiari II malforma-
tion is found only exceptionally. Anterior meningoceles are typically presacral,
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Case Study 1

A 9-month-old male child was brought for consultation because of a “tail-like” structure in the low back since birth.
Examination revealed a subtle thinning of the right lower extremity and a caudal appendage (pseudotail) in the lower
lumbosacral region (a). Plain radiographs revealed spina bifida at L5. MRI revealed a tethered cord with fatty filum termi-
nale. The pseudotail is a short, stump-like structure (b). Spinal dysraphism is the most frequent coexisting anomaly in
both anatomical variants (50 %). Other associated lesions include tethered cord syndrome, lipomas, teratomas and glio-
mas. Investigation of children born with human tail appendages should include a thorough neurological examination,
plain X-ray films of the lumbosacral region and contrast MRI to look for dysraphism and associated lesions. During sur-
gery, a fibrous, fatty filum terminale was seen extending from the base of the appendage through the defect in the bone
and dura. The hypertrophied and fat-infiltrated filum ended at the tip of the low lying conus (c). The filum is coagulated
with bipolar coagulation as there is typically a small vein within the filum (d). We prefer to remove a segment of the
affected filum (e) and submit it to pathological examination for confirmation. After surgery, there was no change in the
neurological status of the patient.

and are found in patients with caudal agenesis [32]. They are usually discovered
in older children or adults complaining of low back pain, urinary incontinence or
constipation.

Myelocystocele

A myelocystocele represents

a cystic dilatation of the

spinal cord in the cervical

or lumbar spine

A myelocystocele consists of a cystic dilatation of the lower end of the spinal cord
or the cervical region enclosed in a skin covered back mass [5, 39]. The spinal
cord is low lying and tethered [5]. The subcutaneous fat lines the cyst but does
not extend into the sac or the cord.
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The inner terminal cyst communicates with the central canal of the spinal cord,
whereas the outer dural sac communicates with the subarachnoid space. The
outer and inner fluid spaces usually do not communicate. Tethering results from
the attachment of the myelocystocele to the inferior aspect of the spinal cord. The
syringocele lies caudal to the meningocele in all cases and bulges through a wide
spina bifida, producing a skin-covered subcutaneous mass that may be huge.
Patients with terminal myelocystoceles typically have no bowel or bladder con-
trol and poor lower-extremity function [32].

Lipomyelomeningocele/Lipomyeloschisis

In lipomyeloschisis and lipomyelomeningocele, the intraspinal lipoma is a por-
tion of a larger subcutaneous lipoma, extending into the spinal canal through a
wide posterior spina bifida and tethering the spinal cord; it consists of a skin-cov-
ered back mass that contains neural tissue, CSF and meninges [5, 39]. The bony
anomalies include a large defect in the posterior elements of the spine, segmenta-
tion anomalies and sacral dysgenesis. Association with Chiari I malformation
may be seen [5]. In lipomyelomeningoceles, a subcutaneous lumbosacral mass is
found in 90% of patients [48]. Additional skin abnormalities are found in 50% of
patients and may include an area of hypertrichosis, a capillary hemangioma, a
dermal sinus tract, a dimple, or an additional appendage. Because the mass is
clinically evident at birth, the diagnosis is usually obtained before neurological
deterioration ensues [5].

Differentiation between lipomyeloschisis and lipomyelomeningocele is based
on whether the placode-lipoma interface lies within the anatomic boundary of
the spinal canal or outside (i.e. within an meningeal outpouching). A further
classification widely used by neurosurgeons divides these lipomas into three sub-
categories: dorsal, transitional, and caudal, depending on whether the placode is
segmental, parietal, or terminal [26].

Spinal Lipoma (Intradural and/or Intramedullary)

Differentiation of the

different entities is crucial

Intradural and intramedullary lipomas are similar to lipomas with dural defects.
However, they are contained within an intact dural sac. In other words, they are
localized within the intradural space [1, 5, 26, 32, 39]. Failure to differentiate
between lipomyelomeningoceles, intradural lipomas and filum terminale lipo-
mas may lead to inaccurate assumptions regarding prognosis [4]. These lesions
have different clinical presentations, courses and outcomes [4].

Intradural lipomas account for 24.1% of all spinal lipomas [39].
The cord is low lying and tethered to the lipomatous tissue [5]. Intradural lipo-

mas are commonly located at the lumbosacral level, but may be found anywhere
in the spinal canal, which may be focally or diffusely expanded depending on the
size of the mass (Fig. 1).

Spinal lipomas can be

associated with

diastematomyelia

The lipoma may be associated with other cord anomalies such as diastemato-
myelia. Associated vertebral anomalies consisting of spina bifida at one or sev-
eral vertebral levels may be present [5]. Lipomas located at the bottom of the the-
cal sac usually present clinically with tethered cord syndrome, whereas cervico-
thoracic lipomas generally produce insidious signs of spinal cord compression. It
is widely accepted that congenital intraspinal lipomas are anatomically stable
lesions. However, the subcutaneous and intraspinal components may grow as
part of the normal increase of adipose tissue that occurs throughout childhood,
other than in particular conditions such as obesity or pregnancy [48]; therefore,
clinical worsening may ensue if the lesion is left untreated.
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Figure 1. Intradural spinal lipoma

MRI of intradural spinal lipoma in a 37-year-old man. a Sagittal T1W image shows the spinal cord tethered to the anterior
surface of an intradural lipoma. b Axial images show indistinct fat-cord interface.

Anterior Sacral/Lateral Thoracic Meningocele

Anterior sacral meningocele occurs when there is communication between the
retroperitoneal or infraperitoneal space and spinal subarachnoidal space
through a defect in the anterior sacrum. The mass that develops is a fibrous con-
nective tissue capsule filled with spinal fluid, and may contain some sacral nerve
root elements. This malformation is three times more common in females. Simi-
lar abnormalities may occur at the lumbosacral and thoracic levels.

Tight Filum Terminale/Filum Terminale Lipoma

The filum terminale is a viscoelastic formation usually <2.0 mm wide [40],
which allows the conus to ascend during flexion of the spine. The tight filum ter-
minale (9% of all closed spinal dysraphisms) is characterized by a short, hyper-
trophic, fatty filum terminale that produces tethering of the spinal cord and
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Figure 2. Fatty filum terminale

Fatty filum terminale in a 35-year-old woman with tethered cord syn-
drome. a, b Sagittal and axial T1-weighted images show that the filum
terminale is largely replaced by fat and moved dorsally. The spinal cord is
tethered and low.

impaired ascent of the conus medullaris [32]. A filum terminale greater than
2 mm in diameter refers to the thick-tight filum terminale [5, 19, 48].

The thickening is caused by lipomatous or fibrous tissue. The occurrence of
incidental fat within the terminal filum in a normal adult population has been
estimated to be 3.7% in cadaveric studies [48]. Radiologically, the conus is
either normal in location or low-lying with a thickened filum terminale [5]. In
86% of patients, the tip of the conus medullaris lies inferior to L2 [19, 32]. This
anomaly may be difficult to diagnose, although the association of clinical and

A filum terminale of > 2 mm

is defined as a fibrolipoma

neurological features may lead one to suspect it. The filum terminale must not
be >2 mm in diameter and no fatty tissue must be present; otherwise, the
abnormality is best defined as a filar lipoma or fibrolipoma [39]. The terminal
filum is the tethering agent, and these patients respond to sectioning of the
filum (Fig. 2). In the majority of patients, there are no cutaneous anomalies, but
posterior spina bifida, scoliosis, and kyphoscoliosis are associated in a high
percentage of cases.

Dermal Sinus, Fistula, Dermoid/Epidermoid Tumors

The dermal sinus is an epithelium-lined fistula that extends inward from
the skin surface and can connect with the central nervous system and the
meninges coating, thereby causing tethering [5, 48]. It is found more fre-
quently in the lumbosacral region, although cervical, thoracic, and occipital
locations are possible [32, 39]. Although the cutaneous abnormality is usually
evident at birth, some patients are not referred to medical attention until they
develop complications such as local infection or meningitis and abscesses that
may result from bacteria invading the CNS through the dermal sinus tract
[48].
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They also may connect to a hypertrophic or fibrolipomatous filum terminale, as
well as to a low-lying conus medullaris or intraspinal lipoma. In a considerable
percentage of cases, dermal sinuses are associated with dermoid and epidermoid
tumors, generally located at the level of the cauda equina or near the conus
medullaris [5, 13, 32]. This association was found in 11.3% of cases [32].

Neuroenteric/Bronchogenic Cysts and Fistula (Split Notochord Syndrome)

There is abnormal splitting of the notochord with persistent connection between
the gut and the dorsal skin [5, 19, 22]. The abnormal communication may involve
esophagus, bronchus, and intestines. The abnormal tract may become obliterated
at any point with consequent variable outcome such as a cyst (neuroenteric cyst,
bronchogenic cyst), diverticulum or fistula [5, 32]. These cysts are lined with a
mucin secreting epithelium that resembles the alimentary or bronchogenic epi-
thelium. Whereas the cyst is frequently associated with anterior or posterior spina
bifida, it may be found without any associated dysraphic anomalies [48].

Split Cord Malformations (Diastematomyelia, Diplomyelia)

Split cord malformation (SCM) is a form of occult spinal dysraphism that also
produces spinal cord tethering [5, 42]. Split cord malformations are classically
defined as diastematomyelia. Two forms of split cord malformation have been
described. From a strict point of view, diastematomyelia refers to cord splitting
and diplomyelia to cord duplication [26, 34, 39].

Split cord malformations

are commonly located in

the lumbar and thoracic

spine

Split cord malformations are usually located in the lumbar and thoracic
regions and are more common in girls [5, 42].

) Type I split cord malformation accounts for 40–50% of all SCMs. There is a
double dural sac, a double spinal canal and two hemicords separated by an
extradural bony spur [26, 34, 39].
) Type II split cord malformation accounts for 50–60% of all SCMs. There is

one dural sac, one spinal canal, and two equal hemicords between which
there may be an anterior-posterior, fibrous intradural spur [26, 34, 39, 48].

Klippel-Feil syndrome (ranging from congenital fusion of only the vertebral
bodies to entire fusion of the vertebrae and can be associated with hemivertebrae
and spilt posterior elements) is known to have a potential association with split
cord malformations [42] (Fig. 3).

Caudal Regression/Agenesis

Caudal regression syndrome is a heterogeneous constellation of caudal anomalies
comprising total or partial agenesis of the spinal column [5, 39], anal imperfora-
tion, genital anomalies, bilateral renal dysplasia or aplasia, and pulmonary hypo-
plasia. The lower limbs usually are dysplastic and show distal leg atrophy and a
short intergluteal cleft. Agenesis of the sacrococcygeal spine may be part of syndro-
mic complexes such as OEIS (omphalocele, cloacal exstrophy, imperforate anus,
and spinal deformities), VACTERL (vertebral abnormality, anal imperforation, tra-
cheoesophageal fistula, renal abnormalities, limb deformities), and the Currarino
triad (partial sacral agenesis, anorectal malformation, and presacral mass: tera-
toma and/or meningocele) [19] (Fig. 4). Lipomyelomeningocele and terminal mye-
locystocele are associated in 20% of cases. There is a definite association with
maternal diabetes mellitus (1% of offspring of diabetic mothers) [19]. It is believed
that hyperglycemia occurring early during gestation could influence further devel-
opment of Hensen’s node and the tail bud in genetically predisposed embryos.
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Figure 3. Split cord malformation

Thoracal Type I split cord malformation in a 50-year-old man with tethered cord syndrome. a Sagittal bony spur is visible.
b T2-weighted image shows bony spur projecting into spinal canal. Vertebral segmentation pathology of T5 – 7 is also
visible. c Coronal T1-weighted image shows the midline bony spur and split cord. d Axial CT presented bony spur. e Axial
MRI shows nicely dural dual sacs and intervening bony spur.

810 Section Spinal Deformities and Malformations



a

b

Figure 4. Caudal regression syndrome

Two patients (10-month-old and 9-day-old) with Currarino triad. Both have caudal regression syndrome Type II (lesser
degree of sacrococcygeal agenesis). In case a the spinal cord is tethered to a sacral lipoma and epidermoid, in case b to
a malformative tumor.

There are two types of caudal regression abnormality depending on the position
of the conus medullaris [22, 26, 39]:

) Type I: If the derangement is severe (spine ending at S2 or above), then not
only the caudal cell mass but also part of the true notochord fails to develop.
) Type II: With a minor degree of dysgenesis (S3 or lower levels present), only

the whole, or a part, of the caudal cell mass fails to develop.

Neuroectodermal Appendages

Neuroectodermal appendages are tail-like appendages arising in the posterior
midline that have sinus tracts extending into the neural canal. It has been pro-
posed that these develop initially as dermal sinus tracts with continued epitheli-
alization outward to form an appendage (Case Study 1).

Classification of Tethered Spinal Cord

Tethered cord syndrome

may even occur

with the conus at L1/2

Spinal cord anomalies can also be presented based on the conceptual framework
of a tethered cord because of their association with spinal malformations and the
implications for treatment. The original description of spinal cord tethering in
association with a thickened filum terminale was offered by Garceau (1953). The
term tethered spinal cord was coined by Hoffman et al. (1976) [9]. Classically
tethered cord is defined as having the tip of conus below the L2 disc space and
pathologically elongated spinal cord.

However, in the medical literature, there are many publications of tethered
cord syndrome with the conus in a normal position [37, 40, 46, 48]. Tethered cord
can be differentiated into two groups (Table 5):

) primary tethered cord
) secondary tethered cord
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Table 5. Classification of tethered cord

Primary tethered cord Secondary tethered cord

) spinal cord malformations with back mass ) postsurgical spinal cord malformations (retethering by scar, dermoid,
arachnoid, cysts)

) spinal cord malformations without back mass ) postsurgical intradural operations (tumors, infections)

The term primary tethered cord has been used by Sarwar et al. [33] with regard
to associated spinal malformations. Secondary tethered cord applies to scarring
of the spinal cord or within the spinal canal due to previous myelomeningocele/
meningocele repair [8, 10] and other intradural spinal operations such as spinal
cord tumors [35, 58]. When closed spinal dysraphism becomes symptomatic
they present as a tethered cord syndrome.

Clinical Presentation

History

Open spinal dysraphism is discovered at birth because of the back mass and pri-
mary associated conditions (cutaneous markers, neurological deficits and ortho-
pedic deformities). But a significant number of patients with closed spinal dysra-

Tethered cord can remain

undiagnosed until a late age

phism may reach adulthood with their disease undiagnosed. Some cases are dis-
covered even as late as 72 years of age [17, 57, 58]. Often, adult patients with teth-
ered cord syndrome are misdiagnosed as having a “failed back syndrome” [58].
These patients present for medical assessment because of:

) development of new symptoms
) progression of previously established neurological deficits
) orthopedic deformities
) acute neurological deterioration after mechanical stresses

Tethered Cord Syndrome

The prevailing clinical symptoms in closed spinal dysraphism are those of a teth-
ered cord syndrome [12, 30, 53, 58]. This syndrome is a functional disorder which
is almost universally associated with spinal dysraphism [5, 19], such as lipomyelo-
meningocele, split cord malformation, dermal sinus as well as previously oper-
ated on myelomeningoceles, which tether the spinal cord within the spinal canal
and result in excessive tension of spinal cord. It is associated with a progressive
neurological, orthopedic and urologic deterioration that results from spinal cord
tethering due to various dysraphic spinal abnormalities [19, 43, 58]. Yamada et al.
introduced the term tethered cord syndrome for patients suffering from a teth-
ered cord. In the neurosurgical literature, McLone and Pang and Yamada popular-
ized this entity [48, 58, 59, 60]. In 1982, Pang and Wilberger showed that tethered
cord syndrome exists not only in children but also in adults [2, 25, 60].

The late onset symptomatic presentation is related to cumulative effects of
repeated stretching-microtrauma during flexion and extension [48]. Tethered
cord syndrome can become symptomatic quite subtly and be slowly progressive,
but can also result from sudden stretching of the mechanically fixed spinal cord
at any age [9, 19]. Some precipitating events have been reported in the literature
as follows [12, 30, 36, 48]:

Precipitating events can make

tethered cord symptomatic

) heavy lifting
) bending movements
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) traumatic injury
) sudden movements
) lithotomy position
) sexual intercourse
) childbirth
) sport activities

Consider the possibility

of a low conus before

a lumbar puncture

There are also various reports in the literature of spinal neuronal damage, follow-
ing spinal anesthesia, with patients who have previously undiagnosed tethered
cord with a low lying conus [49, 62].

The cardinal symptom of tethered cord is:

The cardinal symptom

of tethered cord is pain

) pain. The pain is usually located in the lower back [30]. The pain is increased
with activity and relieved by rest. Yamada et al. described three postural
changes (postural pain triade) that typically worsen pain in tethered cord
syndrome patients [15]. They called these signs the “three Bs” [15, 58]:
) the inability to sit with legs crossed like buddha
) difficulty with slight bending at the waist
) inability to hold a baby or light material at the waist level while standing

Additional findings are:

) low back pain and leg pain
) anorectal and perineal pain
) fatigue
) recurrent bladder infections
) progressive leg weakness
) patchy sensory loss
) sacral sensory loss
) gait disturbance
) bladder and bowel dysfunction (incontinence)
) sexual dysfunction
) progressive deformity (scoliosis, foot and leg deformities)

Physical Findings

Regardless of the etiology of the primary tethering, children present to special-
ists with one or more of its typical abnormalities. In newborns and infants, the
diagnosis of tethered cord syndrome is often confused with cerebral palsy [36].

Cutaneous Markers

Midline cutaneous

abnormality may indicate

tethered cord

Most patients with a tethered cord have a mark of discoloration or lesion of some
type on their skin in the midline [14, 19, 35, 48]. These skin markers are mostly
localized in the lumbosacral area and are present in 50–60% of patients who pre-
sent with tethered cord syndrome [2, 7, 19, 32, 35, 48]. Most common findings in
decreasing frequency are:

) myelomeningocele sac over the back
) subcutaneous lipoma
) deviation of the gluteal furrow
) hypertrichosis
) cutaneous hemangioma, port-wine stain
) dermal sinus, dimple
) skin tag-tail (caudal appendages)
) pigmentary nevus
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A midline dimple

or pinpoint ostium can

indicate a dermal sinus

A midline dimple or pinpoint ostium can indicate a dermal sinus. It is often
found in association with hairy nevus, capillary hemangioma, or hyperpig-
mented patches. The cutaneous opening of a dermal sinus tract differs from
that of a sacrococcygeal fistula [5, 39]. While dermal sinus tracts are found
above the natal cleft and are usually directed superiorly, sacrococcygeal pits are
found within the natal cleft with a tract extending either straight down or infe-
riorly.

Neurological Presentation

Individual patients often have more than one symptom or sign. However, one of
the clinical features is usually predominant over the other [14, 19, 35, 48, 50].
Most common findings in decreasing frequency are:

) weakness of the lower limbs
) reflex changes
) muscle atrophy
) muscle spasticity and contractures
) patchy sensory loss
) sphincter (bowel, bladder) dysfunction
) trophic painless ulcers

Orthopedic Deformities

Examine shoes

for signs of wear

Various orthopedic deformities are common in spinal dysraphism patients.
Often more than one deformity is seen in a single patient [14, 19, 48]. Approxi-
mately 75% of patients with tethered cord present with orthopedic anomalies
[48]. Most common findings in decreasing frequency are:

) scoliosis
) kyphosis, exaggerated lordosis
) lower limb length discrepancy
) foot deformities (equinovarus, pes cavus, pes planus)
) hip subluxations

Asymmetric foot size

may be an indicator

of tethered cord

Asymmetric foot size may also be an indicator for a tethered cord. It is also
important to examine the worn shoes of patients to look for wearing out of the
tips and soles of the shoes [36].

Diagnostic Work-up

Prenatal Diagnosis

Serum maternal [ -fetoprotein examination and ultrasonography can identify a
large number of these afflicted fetuses with myelomeningoceles between 16 and
20 weeks gestation [20, 24, 28]. Many parents then make the decision to interrupt
the pregnancy, which probably is why there has been a significant decrease in the
number of those born with this anomaly in western countries. Dietary supple-
mentation with folic acid via the mother prior to and during pregnancy is protec-
tive and has contributed to the decreased incidence of this disease [39].

Ultrasonography

An ultrasound examination is recommended for women at-risk (positive serum
[ -fetoprotein screening, previously affected child, maternal drug intake associ-

ated with spinal malformations in the fetus). Ultrasound can detect spina bifida
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from 16–20 weeks. However, spina bifida may be missed, particularly in the
L5–S2 region [24, 44].

Magnetic Resonance Imaging

MRI is the modality of

choice for prenatal imaging

Since its advent, MRI has become the imaging modality of choice. While ultraso-
nography is an excellent screening procedure, it requires considerable expertise
to interpret, whereas MRI is definitive. Prenatal MRI can also be used to charac-
terize the Chiari II and other associated malformations [24]. Prenatal imaging
studies help to predict neurological deficits.

Postnatal Diagnostic Tests

Imaging Studies

For evaluation of the spinal cord malformations and tethered cord syndrome, the
most helpful diagnostic images are obtained by MRI, which provides excellent
details of anatomy and characterization of soft tissue anomalies [39, 58]. Other
imaging studies, including standard radiographs and CT, may also be helpful.
Plain radiographs will show vertebral anomalies. A CT scan is particularly useful
for the evaluation of bony anomalies and split cord malformations [34, 39].

Magnetic Resonance Imaging

The best demonstration of the entire craniospinal axis is made by MRI and
should be performed after the birth whenever possible. The T1- and T2-weighted
MR images in the sagittal and axial planes provide excellent demonstrations of
the anatomopathological characterization of the components of the malforma-
tion, i.e. relationship between placode and nerve roots and other associated
sequences (Chiari II, hydrocephalus, hydromyelia) [32].

Investigate the entire neural

axis when spinal malfor-

mations are suspected

Before the MRI era, it had been assumed that after untethering, there would be
upward migration of the spinal cord, which in fact does not occur in most cases
[19]. Postoperative follow-up MRI almost always shows low-lying conus and
should not be confused with a “retethering” [10]. The diagnosis of retethering
and decision for untethering requires clinical judgment. Attempts to improve
conventional MRI techniques, including the use of prone positioning [10],
upright MRI and dynamic phase MRI, have been investigated but await valida-
tion through further studies [19].

Urodynamic Studies

Urodynamic studies may show low bladder capacity and overflow incontinence,
and may serve as a baseline for postoperative follow-up [15].

Treatment

It is important to recognize tethering of the spinal cord as early as possible. Once
the neurological deficits have occurred, many patients will not have recovery of
lost functions.

Tethered cord should be

treated as soon as possible

Although the underlying causes of tethered cord vary, the signs and symptoms
of tethering are generally the same. Individuals with spinal malformations need
both surgical and medical lifelong management which should be provided by a
multidisciplinary team.
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Asymptomatic patients with tethered cord should be instructed to avoid the fol-
lowing activities because of the risk of a potential sudden neurological deteriora-
tion [57]:

) deep bending (touching the toes, high leg kicking)
) holding any weight while standing that causes back and leg pain
) sitting position such as the Buddha pose
) sitting in a slouching position
) horse riding
) skiing at high altitude (might produce spinal hypoxia)
) Valsalva-type maneuvers to prevent spinal venous congestion

In Utero Treatment

Fetal surgery for spinal

dysraphism is feasible

After a diagnosis of fetal spinal dysraphism, there are two choices: either termi-
nation or fetal surgery [24]. The period of legal termination differs between
countries. The first cases of in utero open spinal dysraphism repair were done in
1994 but proved unsatisfactory [3]. In 1997, in utero repair by hysterotomy was
reported [3, 20]. Up to 2004, more than 200 in utero, open spinal dysraphism clo-
sures are estimated to have been done [20]. Urodynamic and lower extremity
function seem to be similar in infants treated in utero and postnatally [20]. Com-
pared with historical controls, infants treated in utero have a lower incidence of
Chiari II and hydrocephalus requiring shunting [3, 20]. Delivery via cesarean sec-
tion is preferred [28].

Postnatal Surgery

Open spinal dysraphisms must be treated surgically as early as possible (Table 6):

Table 6. General aims of surgery

) untether the spinal cord ) prevent infections
) repair of the dural/cutaneous defect ) restore normal anatomy as far as possible

Closure of the spinal lesions is usually done within 48–72 h of birth [20, 28, 58].
If there are signs of hydrocephalus, a shunt is placed at the same time as the lesion
is closed.

There are some standard rules for closure of open spinal dysraphism, but in
many cases the surgeon must vary the technique on the basis of individual anat-
omy. The surgical microscope should assist in defining distorted anatomy and
associated pathologies in great detail. The interested reader is referred to repre-
sentative articles in the literature and textbooks [26, 28, 31, 50, 58].

Open Spinal Dysraphism

After careful and extensive dissection of the sac from the neural placode, neural
tissue is repositioned into the dural sac to preserve functional neural tissue.
There is no proven technique for closure of myelomeningocele at the time of the
original surgery that will prevent retethering. However, there are some tech-
niques that may minimize the amount of retethering that occur: The neural pla-
code can be folded over and anatomically made into a tube by suturing the edges
of the open placode together. It does not prevent retethering, but it seems to make
the surgery for untethering easier. Sometimes the use of vascularized flaps may
be necessary.
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Closed Spinal Dysraphism

In the cases of closed spinal dysraphisms, the associated lesions need careful dis-
section. In split cord malformation, after opening the dura, complete excision of
the bony spur or fibrous septum is performed. A thickened or fatty filum termi-
nale is cut and also released to detether the cord. Sometimes, closure of the dura
is a problem. In these cases, it is necessary to use fascia lata or synthetic dura sub-
stitutes to repair the dural deficiency. Wound closure is done in multiple layers in
order to prevent liquor leak.

Tethered Cord Syndrome

Surgery for tethered cord

must be early

In open spinal dysraphism, short- and long-term survival has increased with
improvements in medical and surgical management. Surgical intervention for
tethered spinal cord must be as early as possible to prevent progressive neural tis-
sue damage. Once neurological function is lost it may never recover. The value of
early prophylactic surgical intervention in tethered cord is evident in the litera-

The only effective treatment

is surgical untethering

ture [16, 35, 48]. The only effective treatment is surgical untethering of the spinal
cord from the underlying cause. The goal of the untethering surgery is to stop any
further neurological deterioration [35, 48]. One of the current controversies with
respect to tethered cord management includes the untethering of the spinal cord
in asymptomatic patients. The majority of authors recommend prophylactic sur-
gery [16, 48].

The decision about the surgical technique should be made individually on a
case-by-case basis. The special details of the various surgical techniques are
beyond the scope of this chapter. Several excellent textbooks exist in the field of
spinal malformations–tethered cord surgery. Interested readers are referred to
representative articles in the literature and these textbooks and atlases [26, 28, 31,
50, 58].

Untethering is generally a safe surgical procedure in experienced hands [16].
Complications include infection, bleeding, and damage to the functional part of
the spinal cord. Although the causes of tethered cord vary, the general principles
of the surgery are similar.

The operating microscope and microsurgical technique are necessary for bet-
ter visualization and precise dissection. Different instrumentations are used to
perform the dissection including endoscopy, ultrasonic aspirator, and lasers; one
method is not necessarily better than the others, and the surgeon usually has her
or his own preference based upon their experience [8, 10, 48].

Intraoperative neuromoni-

toring and the microscope

are invaluable intraoperative

aids

Various intraoperative monitoring techniques such somatosensory evoked
potentials (SSEPs), lower extremity and anal sphincter EMGs, external anal
sphincter monitoring and nerve root stimulation studies are helpful to identify
functional elements [15, 58]. But it remains valid that the most important factor
for a good postoperative result is the experience of the surgeon in handling these
complex anomalies [12]. Retethering remains a risk and requires reexploration if
signs of tethered cord syndrome are seen.

In secondary tethered cord the untethering procedure usually involves open-
ing and dissecting the scar from the prior closure.
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Recapitulation

Epidemiology. Neural tube defects are the most
common congenital abnormalities of the central
nervous system.

Classification. Spinal cord malformations can be
classified based on the pathomorphological pre-
sentation as presenting with and without a back
mass. A secondary discriminator is related to the
coverage with skin in the presence of a back mass.
The vast majority of spinal cord malformations re-
sult in a tethering of the spinal cord. We differenti-
ate primary tethered cord as a result of spinal mal-
formations and secondary tethered cord which re-
sults from a surgical intervention.

Pathogenesis. Spinal cord malformations ( = spinal
dysraphism) arise from defects occurring in the em-
bryological stages of gastrulation (weeks 2 – 3),
neurulation (weeks 3 – 6) and caudal regression.
There is an increased risk of spinal malformations
in pregnant women who are taking certain drugs.
An increased risk of spinal malformation is associat-
ed especially with exposure to valproic acid or carb-
amazepine. Patients with myelomeningocele and
myelocele almost always have associated Chiari II
malformation. Hydromyelia may occur in as many
as 80 % of these patients, and may be localized or
extend through the whole cord. It may cause rapid
development of scoliosis if left untreated. Classical-

ly tethered cord is defined as having the tip of the
conus below the L2 disc space and a pathologically
elongated spinal cord. However, in the medical lit-
erature, there are many publications of tethered
cord syndrome with the conus in a normal position.

Clinical presentation. Tethered cord–spinal cord
malformations are usually diagnosed at birth or
early infancy (open spinal dysraphism, closed spi-
nal dysraphisms with back mass) but sometimes
are discovered in older children or adults. Tethered
spinal cord should be highly suspected and consid-
ered in the differential diagnosis of patients who
present with cutaneous midline abnormalities,
low back pain, lower extremity and foot deformi-
ties, subtle neurological deficits, and bladder and
sexual dysfunctions. Irreversible neuronal damage

can occur when there is sudden stretching of the al-
ready chronically tethered conus.

Diagnostic work-up. The prenatal examination en-
compasses maternal serum [ -fetoprotein examina-
tion and ultrasound. The advent of diagnostic mo-
dalities such as MRI has increased the number of
tethered spinal cord diagnoses and will require
awareness and prompt multidisciplinary manage-
ment of the syndrome before neuronal loss ad-
vances. Since multiple tethering lesions and cere-
bral anomalies coexist in a significant number of
cases, it is absolutely necessary to investigate these
patients with craniospinal MRI to screen the entire
neuroaxis.

Prenatal treatment. It is important to counsel
women of childbearing age about the need to take
dietary supplements containing foliate before be-
coming pregnant. Up to 70 % of spina bifida cases
can be prevented by periconceptional folic acid
supplementation. Intrauterine surgery is possible
but superiority over postpartum surgery needs to
be established.

Postnatal treatment. Individuals with spinal malfor-
mations need both surgical and medical lifelong
management which should be provided by a multi-
disciplinary team. Open spinal dysraphism requires
immediate surgery (within 2 – 3 days postpartum).
Main goal of surgery is to untether the spinal cord,
prevent infections, repair the dural/cutaneous de-
fect, and restore normal anatomy as far as possible.
Mainly the goal of the untethering is to stabilize the
progressive neurological deterioration but some
authors recommend a prophylactic untethering
procedure for asymptomatic patients. Early unteth-
ering, when minimum or mild symptoms are detect-
ed, is essential for tethered cord syndrome treat-
ment. Surgical intervention for tethered cord in-
volves identification of the tethering lesion, release
of the spinal cord and reconstruction of the normal
anatomy as soon as possible. The operating micro-
scope and microsurgical technique are necessary
for better visualization and precise dissection. Intra-
operative neuromonitoring is useful.
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Key Articles

Yamada S (1996) Tethered cord syndrome. The American Association of Neurological
Surgeons, Park Ridge, Illinois
This is a first and excellent textbook on tethered cord syndrome. There are 16 chapters on
embryology, pathophysiology, diagnosis, imaging, and therapy that cover all aspects of
the syndrome. All chapters are superb didactically not only for neurosurgeons but also
for orthopedic surgeons, neurologists, pediatricians, and urologists.

Pang D (1995) Disorders of the pediatric spine. Raven Press, New York
This book covers perfectly all aspects of childhood spine, beginning with a section on
embryology and biomechanics, and bridging the philosophies of orthopedic surgeons
and neurosurgeons by including chapters written by these two specialties. A large section
is devoted to the many congenital malformations with deeply detailed definitions, nice
photos and drawings of operative techniques.

Tortori-Donati P, Rossi A, Cama A (2000) Spinal dysraphism: a review of neuroradiolog-
ical features with embryological correlations and proposal for a new classification. Neu-
roradiology 42(7):471–91
This paper presents the correlation between anatomy, embryology, neuroradiology and
clinical findings of spinal dysraphism and formulates a working classification of these
malformations.

Mitchell LE, Adzick NS, Melchionne J, Pasquariello PS, Sutton LN, Whitehead AS (2004)
Spina bifida. Lancet 364:1885–1895
This is an excellent review which highlights the key features of spina bifida.
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Cervical Spine Injuries

Michael Heinzelmann, Karim Eid, Norbert Boos

Core Messages

✔ Cervical spine injuries account for about one-
third of all spinal injuries and the most com-
monly injured vertebrae are C2, C6 and C7

✔ A neurological deficit occurs in about 15 % of
all spinal injuries

✔ Atlas burst fractures result from axial compres-
sion in slight extension, dens fractures are due
to a combination of horizontal shear and verti-
cal compression, and traumatic spondylolisthe-
sis is caused by an extension-distraction injury

✔ The flexed lower cervical spine is susceptible to
ligamentous injuries without fractures on axial
loading, which can result in bilateral facet sub-
luxation or luxation. Additional rotation leads
to unilateral dislocations

✔ Whiplash associated disorders, which fre-
quently result from rear-end collisions, tend to
become chronic in about half of injured indi-
viduals. Late whiplash disorders have strong
similarities with chronic pain syndrome

✔ The assessment of vital and neurological func-
tions is a priority in cervical injuries

✔ Polytraumatized and head injury patients are at
very high risk of having sustained a cervical
injury

✔ Standard radiography is indicated in cervical
injuries according to the Canadian C-Spine Rule
or NEXUS criteria

✔ CT is the imaging modality of choice for the
evaluation of cervical fracture/dislocation but
MRI can add important information with regard
to neural compromise and injury to the disco-
ligamentous complex

✔ Patients with a cervical sprain/strain or whip-
lash injury should be treated with reassurance
about the absence of serious pathology (after
diagnostic assessment), education about the
prognosis, early return to normal activities and
physical exercises (if needed)

✔ Fracture reduction by traction and/or urgent
decompression is recommended in patients
with progressive or incomplete SCI and persis-
tent spinal cord compression

✔ Traction must not be applied before ruling out
atlanto-occipital or discoligamentous dislocation

✔ Occipital condyle fractures, atlanto-occipital
dislocation and atlantoaxial instabilities are rel-
atively rare after trauma but must not be over-
looked

✔ Unstable burst (Jefferson) fractures of the atlas
must be treated by rigid external fixation or
surgery (C1/2 or Judet screw fixation)

✔ Type I and III dens fractures can be treated non-
operatively by rigid external fixation but Type II
fractures require a surgical approach because
of the high non-union rate

✔ Type II dens fractures are treated by anterior
screw fixation or posterior atlantoaxial instru-
mented fusion in cases with delayed union or
advanced age

✔ Traumatic spondylolisthesis of the axis can be
treated non-operatively in Type I fractures,
while Type II and III require anterior or posterior
instrumented fusion

✔ Lower cervical spine fractures can be classified
into Type A (compression), Type B (distraction)
and Type C (rotation) injuries

✔ Type A injuries are usually treated conserva-
tively in the absence of severe anterior column
involvement and neurological deficits

✔ Type B and Type C injuries should be treated
operatively by anterior or posterior instru-
mented fusion

✔ Most lower cervical spine injuries can be
treated successfully by an anterior approach

✔ Facet dislocation injuries require closed or open
reduction and adequate fixation with rigid
external or internal fixation
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Case Introduction

This 20-year-old male patient had a mo-
tor vehicle accident with a polytrauma.
Extraspinal injuries included a closed
head injury (Glasgow Coma Scale 6) with
shearing injuries and consecutive intra-
cranial pressure monitoring for 2 weeks, a
thorax injury with lung contusions, bilat-
eral hematopneumothorax, manubrium
sterni fracture, and multilevel spinal inju-
ries with fractures of the vertebrae T6, T8,
T10, T12 and L3. The thoracolumbar spinal fractures were treated conservatively. In addition, a traumatic spondylolisthe-
sis C2 (Type Effendi II) was initially treated conservatively (a). After 6 weeks, the instability of the C2 injury became obvi-
ous, as shown in the standard lateral radiographs (b) and the CT scan (c). The small bony fragment indicates a rupture of
the disc C2/C3. The fractures of the pedicles C2 are shown in the CT scan (d, e). The ruptured disc C2/C3 was removed and
replaced with a tricortical iliac crest bone graft. Subsequently, the cervical spine was stabilized with an anterior plate. The
lateral views demonstrate the radiographs/CT scan taken during the operation (f ), postoperatively (g, h), and after
9 months (i). Note that the fractures of the arc/pedicles healed after 9 months.
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Epidemiology

The most commonly injured

vertebrae are C2, C6, and C7

Cervical spine injuries

account for one-third

of all spinal injuries

Cervical spine injuries account for about one-third of all spinal injuries. Gold-
berg et al. [89] prospectively studied 34069 patients with blunt trauma undergo-
ing cervical spine radiographs at 21 institutions to accurately assess the preva-
lence, spectrum, and distribution of cervical spine injury after blunt trauma. Of
these patients, 818 (2.4%) had a total of 1496 distinct cervical spine injuries. The
second cervical vertebra was the most common (24.0%) level of injury, one-third
of which were odontoid fractures. In the subaxial spine, C6 and C7 were the most
frequently affected levels (40%). The most frequent fracture site was the verte-
bral body. Nearly two-thirds of all injuries (71%) were considered clinically sig-
nificant.

A neurological injury occurs

in about 15 % of spine

trauma patients

In order to evaluate the true incidence of spinal column and cord injury, Hu et
al. [108] used the database of the Manitoba Health Services Insurance Plan
(1981–1984) to identify all patients who had spinal injuries. The annual inci-
dence rate of all spinal fractures was 64 per 100000. A total of 2063 patients were
identified, 944 of whom were admitted to hospital. There were two incidence
peaks, one occurring in young men and the other in elderly women. Of the hospi-
talized patients, 182 had cervical injury, 286 had thoracic fracture, and 403 had
injury in the lumbosacral spine. Associated injuries occurred in 38% of hospital-
ized patients. Neurological injury occurred in 122 patients (13%).

A low GCS indicates

a high risk for a concomitant

cervical injury

In a retrospective review of 14577 blunt trauma victims in a tertiary referral
center in Baltimore, 614 (4.2%) had cervical spine injuries. In a series of 14755
trauma cases in Los Angeles [64], 292 (2%) patients had cervical spinal injuries.
Of these, 86% had fractures, 10% had subluxations and 4% had an isolated spi-
nal cord injury without fracture or obvious ligamentous damage. Importantly,
the incidence of cervical injuries increased in patients with a low Glasgow Coma
Scale (GCS) score, indicating that patients with a relevant head injury are at risk
of having concomitant cervical injuries. The combination of head injury and cer-
vical spine injury represents a difficult diagnostic problem due to the lack of con-
sciousness in these patients. In a consecutive study of 447 patients with head
injuries [106], 24 (5.4%) patients suffered a cervical spine injury. Of these, 14
(58%) sustained spinal cord injuries. Furthermore, patients with a GCS of less
than 9 have an almost 3 times higher risk of sustaining a cervical injury [64]. Sim-
ilarly, patients involved in motor vehicle accidents – either as passengers or as
pedestrians – are at high risk of sustaining cervical spine injuries. Alker et al.
examined 312 victims from traffic accidents and found cervical spine injuries in
24.4%. Of these, 93% affected the upper cervical spine [15].

A specific entity of cervical injuries (sprains and strains) is related to rear-end
or side impact motor vehicle collisions [184], but can also occur during diving or
other mishaps [201]. In the United States, neck strain/sprain is the most com-
mon type of injury to motor vehicle occupants treated in US hospital emergency
departments, with an annual incidence of 328 per 100000 inhabitants [158]. The
impact during the motor vehicle collision may result in bony or soft-tissue inju-
ries (whiplash injury), which in turn may lead to a variety of clinical symptoms
(whiplash-associated disorders, WAD) [184].

Injury mechanism and

symptoms after rear-end

collision must be

differentiated

The unfortunate term “whiplash” was introduced into the literature by Crowe
in 1928 [55]. This expression was intended to be a description of a motion, but it
has been accepted by physicians, patients and attorneys as the name of a disease.
This misunderstanding has led to its misapplication by many physicians and oth-
ers over the years [55].

The incidence of WAD is

substantially increasing

Reliable epidemiological data on this type of injury is hampered by the fact
that definitions are largely variable [181]. Depending on the definition of whip-
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lash (e.g., compensated claims) and the country, the incidence may vary largely
[143, 175, 181, 184]. In Canada, regional differences in jurisdiction resulted in a
range of reported/treated injuries from 70 (Quebec) to approximately 600 (Sas-
katchewan) per 100000 inhabitants [107]. The incidence and prognosis of whip-
lash injury from motor vehicle collisions is related to eligibility for compensation
for pain and suffering as shown by Cassidy et al. [44]. Changing the policy from
a “tort system” to a “no-fault” system resulted in a decrease of the 6-month cumu-
lative incidence of claims from 417 to about 300 per 100000 persons [44]. In the
Netherlands, the incidence substantially increased from 55 (1970–1974) to 241
(1990–1994) per 100000 inhabitants [200, 201].

Personal, societal, and

environmental factors

appear to play a role

Although it seems that females are at slightly greater risk, the evidence that
gender is associated with risk of WAD is inconsistent [107]. Younger patients
appear to have a slightly higher risk of WAD [107]. Preliminary evidence indi-
cates that headrests/car seats which aim to limit head extension during a rear-end
collision have a preventive effect on WAD reporting [107]. The evidence regard-
ing risk factors for WAD is sparse but appears to include personal, societal, and
environmental factors [107].

WAD tends to become

chronic

The rate of patients reporting persistent pain, restriction of motion or other
symptoms at 6 months or more after a whiplash injury (late whiplash syndrome)
[184], sufficient to hinder return to normal activities such as driving, normal
occupational and leisure activities, ranges between 1% and 71% [52, 175, 207].
However, it appears from the literature that there is a strong tendency for WAD to
become chronic, with about 50% of patients having symptoms one year after the
injury [43]. Greater initial pain, more symptoms, and greater initial disability
appear to predict slower recovery. Postinjury psychological factors such as pas-
sive coping style, depressed mood, and fear of movement were prognostic for
slower or less complete recovery [43].

Pathomechanisms

Normal Anatomy

Functionally, the cervical spine is divided into the upper cervical spine [occiput
(C0)–C1–C2] and the lower (subaxial) cervical spine (C3–C7). The C0–C1–C2
complex is responsible for 50% of all cervical rotation while 80% of all flexion/
extension occurs in the lower cervical spine [135] (Table 1).

Table 1. Normal cervical spinal motion

Flexion/extension R/L rotation In-/reclination

C0/C1 20° (17 %) 2 × 1°
(50 %)

2 × 3° (10 %)
C1/C2 0° 2 × 3° 0°
C3/T1 10 – 20° (83 %) 2 × 2–14° (50 %) 2 × 2–6° (90 %)

Total 120° 2 × 2° 2 × 2°

According to Louis [135]

Upper Cervical Spine

The atlas-occiput junction primarily allows flexion/extension and limited rota-
tion. The flexion is limited by a skeletal contact between the anterior margin of
the foramen magnum and the tip of the dens [204]. Flexion/extension is also lim-
ited by the tectorial membrane, which is the cephalad continuation of the poste-
rior longitudinal ligament [204]. Axial rotation at the craniocervical junction is
restricted by osseous as well as ligamentous structures (Fig. 1). The occipital con-
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Figure 1. Anatomy of the upper cervical spine

a Lateral midsagittal view; b superior view; c coronal view.

The alar ligaments restrain

upper cervical spine

rotation

dyles articulate with a concave shaped joint surface of the atlas. The atlantoaxial
joint is composed of lateral mass articulations with loosely associated joint cap-
sules and an atlantodental articulation [135]. The paired bilateral alar ligaments
bilaterally connect the dens with the occiput condyle and the atlantal mass. The
alar ligaments restrain rotation of the upper cervical spine, whereas the trans- The transverse ligaments

restrict flexion and

displacement of the atlas

verse ligaments restrict flexion as well as anterior displacement of the atlas [69].
The transverse ligament also protects the atlantoaxial joints from rotatory dislo-
cation. Lateral bending is controlled by both components of the alar ligaments
[204]. Ligamentous laxity and a horizontal articular plane at the occiput–C1
joint, along with the relatively large weight of the head, may explain why injuries
at this junction are more common in children than adults [205].

Lower (Subaxial) Cervical Spine

The vertebrae of the lower cervical spine have a superior cortical surface which
is concave in the coronal plane and convex in the sagittal plane (Fig. 2). This con-
figuration allows flexion, extension, and lateral tilt by gliding motion of the facets
[135]. The lateral aspect of the vertebral body has a superior projection (uncinate
process) which develops during growth and is established at the end of adoles-
cence. As the discs become degenerative, these projections articulate with the
body of the next highest vertebra and can lead to an uncovertebral osteoarthrosis
[135]. The range of flexion/extension is in part dictated by the geometry and stiff-
ness of the intervertebral disc, i.e., the greater the disc height and the smaller the
sagittal diameter, the greater is the motion. Conversely, the greater the stiffness of

The C5/6 level exhibits

the largest ROM

the disc, the smaller the spinal motion [204]. The C5/6 level exhibits the largest
range of motion, which in part explains its susceptibility to trauma and degener-
ation [136]. Besides the intervertebral disc and facet joints, the muscles and the
ligaments, particularly the yellow ligament, dictate the spinal kinematics [204].
The facet joint capsules are stretched in flexion and therefore limit rotation in
this position.
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Figure 2. Anatomy of the lower (subaxial) cervical spine

a Axial view; b coronal view; c lateral view.

Biomechanics of Cervical Spine Trauma

The conditions under which neck injury occurs include several key variables
such as [205]:

) impact magnitude
) impact direction
) point of application
) rate of application

The rate of application of the impact load is a critical variable. The relative posi-
tion of the head, neck and thorax is a major factor in both the threshold of failure
and the pattern of failure. Pattern of failure indicates which structural compo-
nents of the spine are injured. The position of the spine at the time of impact is
important in explaining the injury pattern [205].

The position of the spine

at impact determines the

fracture pattern

Cadaveric studies have substantially increased our understanding of the frac-
ture mechanisms that lead to specific spinal fractures [205]. Fractures of the atlas
ring (Jefferson fractures) can be created in an experimental setup by axial load-
ing of the straight spine in slight extension. In an experimental study, Altoff [18]
has shown that dens fractures result from a combination of horizontal shear and

Os odontoideum commonly

results from childhood

trauma of the dens

vertical compression [205]. An os odontoideum (Fig. 3a, b) is considered to be a
result of an early childhood trauma to the dens that leads to a non-union and sub-
sequent formation of a loose ossicle. This entity usually causes an atlantoaxial
instability [76, 141, 176]. In a biomechanical study, Fielding et al. [73] have shown
that atlantoaxial instabilities can result from tears of the transverse ligament
without a fracture of the dens. Traumatic spondylolisthesis of the axial pedicle
was first described by Schneider [172] in the context of judicial hanging with a
submental knot (hangman’s fracture) that results in an extension-distraction
injury. Similar injuries are observed in motor vehicle and diving accidents.

In the lower cervical spine, Bauze and Ardran [27] were able to reproduce pure
ligamentous injuries by vertical loading of the lower cervical spine in the for-
ward flexed position. This mechanism produced bilateral dislocation of the facets
without fracture. A unilateral dislocation was produced if lateral tilt or axial rota-
tion occurred as well. The maximum vertical load was only 145 kg, and coincided
with the rupture of the posterior ligament and capsule and the stripping of the
anterior longitudinal ligament, but this occurred before dislocation. The authors
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b

c

d

Figure 3. Specific fracture types

a Open-mouth and b lateral dens views (CT) demonstrate an os odontoideum
which may result from early childhood trauma. c Axial CT scan and d sagittal
image reformation demonstrate the typical feature of a “tear-drop” fracture
which results from a distraction injury with posterior ligamentous disruption.

concluded that the low vertical load indicates a peculiar vulnerability of the cer-
vical spine in this flexed position. This correlates well with the minor trauma
often seen in association with forward dislocation [27]. Axial loading less than
1 cm anterior to the neural position produced anterior compression fractures of
the vertebral body, while axial loads applied further anteriorly resulted in a rear-
ward buckling with subsequent disc and endplate failure. Burst fractures can be
produced by direct axial compression of a slightly flexed cervical spine [205]. In
an experimental setup, “tear-drop” fractures could be created by axial compres-

Tear-drop fracture results

from a flexion/compression

injury with disruption

of the posterior ligaments

sion of the neutral and minimally flexed cervical spine [137, 205]. The “tear-drop
fracture” (Fig. 3a, b) was first described by Schneider and Kahn in 1956 [171].
This injury type is a fracture by the mechanism of flexion/compression with sag-
ittal sprain of the intervertebral cervical disc and disruption of the posterior liga-
ments. CT investigations demonstrated the coexistence of two lines of fractures:
a frontal fracture (by the mechanism of flexion), and a sagittal fracture (by com-
pression). Displacement of the posterior vertebral body fragment frequently
results in a spinal cord injury [82]. Cervical disc ruptures could be produced in
many specimens subjected to axial impact in various degrees of flexion/exten-
sion but appear to be most common in axial rotation and lateral flexion at the
time of impact [205].
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Instability of the Cervical Spine

Understanding cervical spine trauma is critically related to the concept of spinal
stability and instability, respectively. One of the problems in the literature, how-
ever, has been the absence of a clear definition based on reliable radiological cri-
teria. Therefore, White and Panjabi [203] defined clinical instability of the spine
clinically as (Table 2):

Table 2. Definition of clinical instability

) The loss of the ability of the spine under physiological loads to maintain its pattern of
displacement so that there is no initial or additional neurological deficit, no major
deformity and no incapacitating pain.

The definition of instability

remains controversial

However, various attempts were made to develop radiological criteria (see
below), to guide the choice of treatment [206].

Spinal Cord Injury

It is now well accepted that acute spinal cord injury (SCI) involves both [72, 109]:

) primary injury mechanisms
) secondary injury mechanisms

The primary injury of the spinal cord results in local deformation and energy
transformation at the time of injury and is irreversible. It can therefore not be
repaired by surgical decompression. In the vast majority of cases the injury is
caused by bony fragments that acutely compress the spinal cord. Further mecha-

Both primary and secondary

mechanisms contribute

to SCI

nisms include acute spinal cord distraction, acceleration-deceleration with
shearing, and laceration from penetrating injuries [72]. The injury directly dam-
ages cell bodies and/or processes of neurons. The cells that are damaged might
die and there is no evidence that they are replaced [37] and can therefore not be
repaired by surgical decompression. Immediately after the primary injury, sec-
ondary injury mechanisms may initiate, leading to delayed or secondary cell
death that evolves over a period of days to weeks [109]. A variety of complex
chemical pathways are likely involved including [109]:

) hypoxia and ischemia
) intracellular and extracellular ionic shifts
) lipid peroxidation
) free radical production
) excitotoxicity
) eicosanoid production
) neutral protease activation
) prostaglandin production
) programmed cell death or apoptosis

Secondary SCI resulting

from hypotension and poor

tissue oxygenization

must be avoided

These mechanisms result in a secondary death of neuronal and glial support cells
days or weeks after the injury [109]. These secondary events are potentially pre-
ventable and reversible [72]. In the case of a lesion of the cord cranial to T1, a
complete loss of sympathetic activity will develop that results in loss of compen-
satory vasoconstriction (leading to hypotension) and loss of cardial sympathetic
activation (leading to bradycardia). Secondary deteriorations of spinal cord
function that result from hypotension and inadequate tissue oxygenization have
to be avoided.
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Injuries to the spinal cord often result in spinal shock. This is a term that is com-
monly used but poorly understood [144]. In analogy to the electrical circuit, the
state of spinal shock can be considered as a result of a blown fuse. The phenome-

Spinal shock is characterized

by an immediate post-injury

loss of sensation, flaccid

paralysis and loss of all

reflexes

non of spinal shock is usually described as a loss of sensation and flaccid paraly-
sis accompanied by an absence of all reflexes below the spinal cord injury. It is
thought to be due to a loss of background excitatory input from supraspinal
axons [65]. Spinal shock is considered the first phase of the response to a spinal
cord injury, hyperreflexia and spasticity representing the following phases.
When spinal shock resolves, usually within days up to 6 weeks, reflexes will
return and residual motor functions can be found. The clinical significance of
spinal shock lies in the associated loss of motor function (in nerves that are not
necessarily damaged) and a flaccid paralysis caudal to the lesion.

Central cord syndrome is

characterized by dispro-

portionately more motor

impairment of the upper

than lower extremities

Central spinal cord injuries are among the most common, well-recognized
spinal cord injury patterns identified in neurologically injured patients after
acute trauma. Originally described by Schneider et al. in 1954 [170], this pattern
of neurologically incomplete spinal cord injury is characterized by dispropor-
tionately more motor impairment of the upper than of the lower extremities,
bladder dysfunction and varying degrees of sensory loss below the level of the
lesion. It has been associated with hyperextension injuries of the cervical spine,
even without apparent damage to the bony spine (mainly by osseous spurs), but
has also been described in association with vertebral body fractures and frac-
ture-dislocation injuries. The natural history of acute central cervical spinal cord
injuries indicates gradual recovery of neurological function for most patients,
although it is usually incomplete and related to the severity of injury and the age
of the patient [142, 170, 174].

Pathomechanism of Whiplash-Associated Disorders

It is likely that WAD results from cervical sprain or strain but the exact pathome-
chanisms remain largely unknown [107]. Structural abnormalities of cervical
joints, discs, ligaments and/or muscles are very rarely found. Indeed, there is evi-

WAD is inversely related

to the severity of the injury

dence that the likelihood of the development of WAD is inversely related to the
severity of the injury [88, 138].

Whiplash actually describes the injury as an acceleration/deceleration mech-
anism of energy transfer to the neck [184]. Kinematic analysis demonstrated
that the whiplash mechanism consists of translation/extension (high energy)
with consecutive flexion (low energy) of the cervical spine. Hyperextension of
the cervical spine has not been observed during vehicle crashes if headrests are
installed [45]. The current evidence does not allow any conclusions to be drawn
about a specific injury mechanism; particularly the minimum threshold of
impact forces causing WAD in real-life accidents remains unknown [107]. Inter-
estingly, no evidence suggests that awareness of the collision, head position at the
time of impact, or cervical spondylosis are of relevance for WAD [107].

The large variety of clinical symptoms which have been associated with whip-
lash injuries, including cognitive dysfunction following the injury, lead to the

WAD is not associated

with mild brain damage

suspicion of a mild traumatic brain injury [160, 169, 191]. Based on a recent com-
prehensive review of the literature, there is no evidence that poor cognitive func-
tioning in patients seeking treatment for chronic WAD is the result of demonstra-
ble brain damage. Instead, these deficits may be linked to a chronic health condi-
tion including chronic pain [107]. In this context it has been shown that spinal
cord hyperexcitability in patients with chronic pain after whiplash injury can
cause exaggerated pain following low intensity nociceptive or innocuous periph-

WAD has similarities with

chronic pain syndromes

eral stimulation. Spinal hypersensitivity may explain, at least in part, pain in the
absence of detectable tissue damage [26, 56, 103].
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Clinical Presentation

History

The history of patients with a cervical injury is usually straightforward. The car-
dinal symptoms of an acute cervical injury are:

) pain
) loss of function (inability to move the head)
) numbness and weakness
) bowel and bladder dysfunction

In patients with evidence for neurological deficits, the history should include:

) time of onset (immediate, secondary)
) course (unchanged, progressive, or improving)

The time course of the

neurological deficit matters

Particularly, progressive paresis must not be missed.

History should include the

trauma type and injury

mechanism

The history should include a detailed assessment of the injury, i.e.:

) type of trauma (high vs. low-energy)
) mechanism of injury (compression, flexion/distraction, hyperextension,

rotation, shear injury)

In polytraumatized or unconscious patients history taking is not possible for
obvious reasons and the patient must be subjected to thorough imaging studies.
Polytraumatized patients must be considered to have sustained a cervical injury
until proven otherwise.

Patients who have suffered a rear-end collision present as a particular diag-
nostic challenge. In these patients pain may even persist for a long time after the
accident (late whiplash syndrome) [184] and imaging studies are usually nega-
tive. It is therefore mandatory to assess the history with great detail also with
regard to the medicolegal implications of these injuries. Patients frequently com-
plain of [104, 140, 149, 159, 161]:

) reduced/painful neck movements
) headache
) paresthesias
) temporomandibular pain
) dizziness/unsteadiness
) nausea/vomiting
) difficulty swallowing
) tinnitus
) sleep disturbances
) cognitive dysfunction (memory and concentration problems)
) vision problems
) lower back pain

The history should also comprehensively assess details of collision and injury
such as [184]:

) type of collision (rear-end, frontal or side impact)
) use of headrest/seat belt
) position in the car
) injury pattern for all passengers
) head contusion
) severity of impact to the vehicle

The latter aspects may be of more relevance in the medicolegal than a clinical
context.
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Physical Findings

The initial focus is on vital

functions and neurological

deficits

The initial focus of the physical examination of a patient with a putative cervical
spine injury is on:

) vital functions (perfusion, respiration)
) neurological deficits

Timely and effective resuscitation is critical to the management of polytrauma-
tized and spinal cord injury patients. In cervical spine injuries above C5, respira-
tion may be compromised because of damage to the diaphragm innervation (C4)
or injuries to the brain stem. In both polytrauma and spinal cord injury, hypo-
tension is common although the underlying pathophysiology is different. The
reason for the hypotension can be hypovolemic and/or neurogenic shock (due to
the loss of neurovegetative function) that have to be considered and treated
accordingly. The emergency room management of the multiply injured patient
with spine injuries has recently been reviewed [209].

The inspection and palpation of the spine should include the search for:

) skin bruises, lacerations, ecchymoses
) open wounds
) swellings
) hematoma
) painful structures (spinous, transverse, and mastoid processes; facet joints)
) spinal (mal)alignment (torticollis)
) gaps/steps

Rotatory dislocations present typically with torticollis with the head in the “cock
robin position,” so called because the chin is turned towards one side and the
neck is laterally flexed to the opposite side.

Consider a latent unstable

spine before functional

testing

A full functional testing of the cervical spine should only be done after a frac-
ture dislocation has been excluded by radiography or in patients who present
with secondary problems. The patient is best examined sitting on an examina-
tion table with their lower limbs and feet freely moving (see Chapter 8 ). The
functional testing should be done very carefully. The assessment of the mobility
of the cervical spine consists of:

) flexion/extension (chin-sternum distance: documentation, e.g., 2/18 cm)
) left/ride rotation (normal: 60°–0–60°) in neutral position
) left/ride rotation (normal: 30°–0–30°) in flexed position
) left/ride rotation (normal: 40°–0–40°) in extended position
) left/side bending (normal: 40°–0–40°)

In case of limitation in active movements, the examination should be repeated
with passive motion to differentiate between a soft (muscle, pain) and a hard
(bony) stop. The examiner should not only record the range of motion but also
pain provocation. Examining the cervical spine against resistance can be used to
stress the intervertebral discs (flexion, side bending) or facet joints (rotation,
extension), respectively. If a cervical radiculopathy is suspected, a Spurling or
shoulder depression test can be done (see Chapter 8 ).

A thorough neurological examination is indispensable (see Chapter 11 ). In
case of a neurological deficit, the differentiation is mandatory between:

) nerve root(s) injury
) spinal cord injury (complete, incomplete)

The differentiation of a complete and incomplete paraplegia is important for the
prognosis. Approximately 60% of patients with an incomplete lesion have the

Cervical Spine Injuries Chapter 30 835



potential to regain a functionally relevant improvement [57]. It is mandatory to
Consider spinal shock in

patients with neurological

deficits

exclude a spinal shock which can disguise remaining neural function and has an
impact on the treatment decision and timing. However, complete spinal shock
usually ends within 24 h and the first reflex to return is the bulbocavernosus
reflex in over 90% of cases. This reflex is performed by squeezing the glans penis,
a tap on the mons pubis, or a tug on the urethral catheter, which cause a reflex
contraction of the anal sphincter (see Chapter 11 ). If there is no voluntary sen-
sory (sacral sparing) or motor sparing and the bulbocavernosus reflex is present,
spinal shock is resolved, and a complete cord lesion is confirmed.

Neurological symptoms in patients with atlanto-occipital dislocation (AOD)
can range from asymptomatic (in about 20%) to a partial or complete “locked-in
syndrome” [147]. This syndrome is caused by a separation of the corticobulbary
and corticospinal tracts at the abducens nuclei level in the pontine. Clinically, the
“lock-in syndrome” is characterized by tetraplegia, muteness and akinesia. Only
movements of the eyelids and the eye in the vertical direction are preserved.

Precise documentation

of the initial neurological

status is mandatory

Neurological function must be precisely documented (see Chapter 11 ). The
two most commonly used systems for quantifying and grading the spinal cord
injury are the Frankel system [81] and the more comprehensive system devel-
oped by the American Spinal Injury Association (ASIA) [139].

Classification of Whiplash-Associated Disorders

For patients who have sustained a cervical sprain or strain due to a motor vehicle
collision, the Quebec Task Force has recommended a clinical classification sys-
tem which grades symptoms as follows [43, 184] (Table 3):

Table 3. Grading of whiplash-associated disorders

Grade 0 ) WAD refers to no neck complaints and no physical signs

Grade I ) WAD refers to injuries involving complaints of neck pain, stiffness or tender-
ness, but no physical signs

Grade II ) WAD refers to neck complaints accompanied by decreased range of motion
and point tenderness (musculoskeletal signs)

Grade III ) WAD refers to neck complaints accompanied by neurological signs such as
decreased or absent deep tendon reflexes, weakness and/or sensory deficits

Grade IV ) WAD refers to injuries in which neck complaints are accompanied by frac-
ture or dislocation

Other symptoms such as deafness, dizziness, tinnitus, headache, memory loss,
dysphagia, and temporomandibular joint pain can be present in all grades.

Diagnostic Work-up

Immobilization of the

cervical spine must be

maintained until an injury

is excluded

Immobilization of the cervical spine must be maintained until the cervical spine
is “cleared,” i.e., a spinal cord injury or spinal column injury has been ruled out
by clinical or radiographic assessment [9, 10, 164].

Imaging Studies

A cervical spine injury

is found in 2 – 6 % of all

symptomatic patients

The reported incidence of cervical spine injuries in the symptomatic patient
ranges from 2% to 6% in Class I evidence studies [10]. Symptomatic patients
require radiographic studies to rule out the presence of a traumatic cervical spine
injury before the cervical spine is cleared.
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Figure 4. Canadian C-Spine Rule

MVC motor vehicle collision, ED emergency department. (According to Stiell et al. [186], reproduced with permission
from AMA).

In 2001, a highly sensitive decision rule (“Canadian C-Spine Rule”) was derived,
for use in cervical spine radiography in alert and stable trauma patients [186].
This rule comprises three main questions (Fig. 4) and has had a 100% sensitivity
in identifying 151 clinically important cervical spine injuries.

The NEXUS (National Emergency X-radiography Utilization Study) [105]
developed a decision instrument which allows the identification of patients who
have a low probability of a cervical injury. The five criteria which must be met
are:

) no midline cervical tenderness
) no focal neurological deficit
) normal alertness
) no intoxication
) no painful, distracting injury

In this study, only 2 out of 34069 evaluated patients classified as unlikely to have
an injury met the preset criteria of having a potential significant injury (only one
needed surgical treatment) [105]. However, this study was criticized because two
criteria, “presence of intoxication” and “distracting, painful injuries,” are poorly
reproducible [186].
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Standard Radiographs

Radiographs remain

the imaging modality

of first choice

Radiography has been the standard initial “screening” examination used to eval-
uate alert and stable patients with suspected cervical spine trauma. At least three
views are recommended for alert and stable trauma patients [105]:

) anteroposterior view
) cross-table lateral view
) open-mouth dens view

The lateral view should

extend from the occiput

to T1

The series of conventional radiographs has shown to be accurate in detecting cer-
vical spine injuries in 84% of cases [187]. The lateral view should extend from the
occiput to T1. The lower cervical spine is often obscured by the shadow of the
shoulders elevated by muscle spasm or in patients with a “short neck.” It may be
necessary to gently pull down the arms to visualize the entire T1 vertebra.

In trauma patients for whom the standard three view series fails to demon-
strate the cervicothoracic junction, swimmer’s views (one arm abducted 180°,
the other arm extended posteriorly) and supine oblique views were compared.
The authors concluded that both views show the alignment of the vertebral bod-
ies with equal frequency. However, supine oblique films are safer, expose patients
to less radiation, and are more often successful in demonstrating the posterior
elements (e.g., riding facet) [110].

Oakley introduced a simple system (radiological ABC) for analyzing plain
films [164]:

) A1: appropriateness: correct indication and right patient
) A2: adequacy: extent (occiput to T1, penetration, rotation/projection)
) A3: alignment: anterior aspect of vertebral bodies, posterior aspect of verte-

bral bodies, posterior pillar line, spinolaminar line; craniocervical and
other lines and relationships

) B: bones
) C: connective tissues: pre-vertebral soft tissue, pre-dental space, interverte-

bral disc spaces, interspinous gaps

Davis et al. [61] described 32117 acute trauma patients. Cervical spine injuries
were missed in 34 symptomatic patients: 23 patients either did not have radio-
graphs or had inadequate radiographs that did not include the region of injury,
8 patients had adequate X-ray studies that were misread by the treating physi-
cian, 1 patient had a missed injury that was undetectable on technically adequate
films, even after retrospective review, and in the remaining 2 patients, the error
was not described. These results confirm that it is not uncommon to miss cervical
spine injuries even with adequate plain radiographic assessment of the occiput
through T1.

The most common causes of missed cervical spine injury are:

) not obtaining radiographs
) making judgments on technically suboptimal films

Do not miss injuries

at the cervicocranial

and cervicothoracic junctions

The latter cause most commonly occurs at the cervical-occipital and cervical-
thoracic junction levels [61, 87, 163].

Functional Views

Active flexion/extension is a safe and helpful test in conscious, cooperative
patients to screen for ligamentous instability [164]. Cervical instability occurred
in 8% of alert, trauma patients in a Missouri Level I Trauma Center study, nearly
half of whom had a normal three film series [130]. The addition of flexion/exten-
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sion views to a three film series increases sensitivity (99%) and specificity (93%)
with a high positive (89%) and negative (99%) predictive value, with false nega-
tives largely due to muscle spasm [130]. However, flexion/extension radiography
is often unable to exclude instability until the spasm has resolved.

Passive flexion/extension

views in unconscious

or sedated patients

must not be done

Passive flexion/extension views or fluoroscopy in unconscious or sedated
patients are technically inadequate in up to a third of cases and may even cause
devastating neurological deficits. Their value therefore remains controversial
[164]. Fortunately, the incidence of isolated ligamentous injury is low. In a retro-
spective review of 14577 blunt trauma victims in a tertiary referral center in Bal-
timore [48], 614 (4.2%) of patients had cervical spine injuries, of whom only 87
(0.6%) had isolated ligamentous injuries. There were 2605 patients in the series
with a GCS of less than 15 and only 14 (0.5%) had isolated ligamentous injuries.
Interestingly, 13 were identified on the initial lateral radiograph and the other
was diagnosed on CT. In these cases of isolated ligamentous injury, flexion/exten-
sion views were not needed to reveal instability. In a series of 14755 trauma cases
in Los Angeles, 292 patients had cervical spinal injuries [64]. Of these, 250
(85.6%) had fractures, 10% had subluxations (presumably with ligamentous dis-
ruption) and 3.8% (11 patients) had isolated cord injury without fracture or
obvious ligamentous damage.

Criteria for Trauma and Instability

Clark et al. [50] suggested 12 helpful signs in diagnosing cervical spine trauma
(Table 4):

Table 4. Radiographic signs of cervical spine trauma

Soft tissues
) retropharyngeal space > 7 mm in adults or children
) retrotracheal space > 14 mm in adults or > 22 mm in children
) displaced prevertebral fat stripe
) tracheal and laryngeal deviation

Vertebral alignment
) loss of lordosis
) acute kyphotic angulation
) torticollis
) widened intraspinous space
) axial rotation of vertebra

Abnormal joints
) atlantodental interval > 4 mm in adults or > 5 mm in children
) narrowed or widened disc space
) wide apophyseal joints

According to Clark et al. [50]

For the upper cervical spine, White and Panjabi [206] suggested criteria indica-
tive of instability based on conventional radiography (Table 5, Fig. 5a, b).

Table 5. Criteria for C0-C1-C2 instability

>8° ) axial rotation C0 – C1 to one side
>1 mm ) translation of basion to dens top (normal 4 – 5 mm) on flexion/extension (Fig. 5a)
>7 mm ) bilateral overhang C1 – C2 (see Fig. 5b)
>45° ) axial rotation (C1 – C2) to one side
>4 mm ) C1 – C2 translation measurement (see Fig. 5a)
<13 mm ) posterior body C2 – posterior ring C1 (see Fig. 5a)

) avulsion fracture of transverse ligament

According to White and Panjabi [206], modified
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a b c

Figure 5. Instability of the upper cervical spine

According to White and Panjabi [206]. a Assessment of C0 – 1-2 stabilities on lateral radiographs. An increase of more
than 1 mm in the distance between the basion (clivus) and the top of the dens on flexion/extension view (normal
4 – 5 mm) is indicative of an atlanto-occipital instability (only if transverse ligament is intact). b Assessment of the stability
of the atlas on an open-mouth (ap) view of the dens. c Assessment of the C0 – 1 stability. A ratio of BC to AO of greater
than 1 is indicative of an atlanto-occipital dislocation. This is only valid in the absence of atlas fracture [206].

a b

Figure 6. Instability of the lower cervical spine

a Sagittal plane displacement or translation greater than 3.5 mm on either static or functional views should be consid-
ered potentially unstable according to White and Panjabi [206]. b Angulation between two vertebrae which is greater
than 11° than that at either adjacent interspaces is interpreted as evidence of instability by White and Panjabi [206].

Kricun [120] suggested a criterion (Fig. 5c) to detect atlanto-occipital dislocation.
For the lower cervical spine, White and Panjabi [206] have suggested criteria

indicative of instability based on conventional radiographs (Fig. 6a, b).

Computed Tomography

CT is the first choice

for unconscious

or polytraumatized patients

While standard radiographs remain the imaging study of first choice in alert and
stable patients after cervical spine injuries, most large trauma centers now per-
form multislice CT scans for the assessment of polytraumatized or unconscious
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patients [164]. The reasons why CT has surpassed radiography include the ease
of performance, speed of study, and, most importantly, the greater ability of CT
to detect fractures other than radiography [60]. The craniocervical scans should
be of a maximum 2 mm thickness, because dens fractures can even be invisible
on 1-mm slices with reconstructions [164].

Computed tomography scans are sensitive for detecting characteristic frac-
ture patterns not seen on plain films. One such pattern is the midsagittal fracture
through the posterior vertebral wall and lamina. These injuries are very fre-
quently associated with neurological deficits. CT is the modality of choice for
diagnosing rotatory instability at the atlantoaxial joints [67, 68]. Failure of C1 to
reposition on a left-and-right rotation CT scan indicates a fixed deformity. CT
also shows if the dens separates from the anterior arch of C1 with increased rota-
tion. Griffen et al. [92] evaluated the role of standard radiographs and CT of the
cervical spine in the exclusion of cervical spine injury for adult blunt trauma
patients. For 1199 of patients at risk for cervical spine injury, both X-rays and CT
were performed to evaluate and compare cervical spine injuries. In 116 patients,
a cervical spine injury (fracture or subluxation) was detected. The injury was

CT can replace radiographyidentified on both plain films and CT scans in 75 patients but on CT only in 41
patients. Importantly, all the injuries that were missed by plain films required
treatment.

Magnetic Resonance Imaging

Magnetic resonance imaging is the imaging study of choice to exclude discoliga-
mentous injuries, if lateral cervical radiographs and CT are negative [164]. MRI
is the modality of choice for evaluation of patients with neurological signs or
symptoms to assess soft tissue injury of the cord, disc and ligaments.

MRI is additional to CT

for specific diagnostic

assessments

According to Richards [164], MRI exhibits several significant advantages in
the assessment of cervical trauma and allows the following to be diagnosed:

) discoligamentous lesions
) vertebral artery injuries
) neural encroachment and spinal cord contusion
) traumatic meningoceles or CSF leaks
) non-contiguous vertebral fractures
) injury sequelae (e.g., myelomalacia, cysts, syrinx)

Particularly, STIR sequences [164] are very helpful in visualizing posterior soft
tissue injuries and thereby helping to diagnose unstable Type B or Type C frac-
tures. On the other hand, MRI of asymptomatic individuals has shown that

Morphological abnormali-

ties are frequent at the

craniocervical junctions

and are not per se evidence

for sequelae of the injury

asymmetry of alar ligaments, alterations of craniocervical and atlantoaxial
joints, and joint effusions are common in asymptomatic individuals. The clinical
relevance of these MR findings is therefore limited in the identification of the
source of neck pain in traumatized patients [154]. Furthermore, there is wide
variation of segmental motion in the upper cervical spine. Differences in right-
to-left rotation are frequently encountered in an asymptomatic population.
These measurements are unsuitable for indirect diagnosis of soft tissue lesions
after whiplash injury and should not be used as a basis for treatment guidelines
[153].

MRI is unsuitable for unstable polytrauma patients, because of the difficulties
in monitoring ventilated patients, in spite of the expensive specialized equip-
ment. In addition, the MRI scanner is often remote from the emergency depart-
ment, and necessitates further hazardous transfers and delays.
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Neurophysiology

Neurophysiologic studies

are of prognostic value

for recovery after SCI

It has been shown that clinical and electrophysiological examinations (see Chap-
ter 12 ) are of prognostic value for functional recovery in both ischemic and
traumatic SCI [111]. Motor evoked potential (MEP) recordings are of additional
value to the clinical examination in uncooperative or incomprehensive patients.
The combination of clinical examination and MEP recordings allows differentia-
tion between the recovery of motor function (hand function, ambulatory capac-
ity) and that of impulse transmission of descending motor tracts [58]. Further-
more, the initial clinical and electrophysiological examinations are of value in
assessment of the degree to which the patient will recover somatic nervous con-
trol of bladder function [59].

Vascular Assessment

The association of cerebrovascular insufficiency and cervical fracture was first
described by Suechting and French in a patient with Wallenberg’s syndrome
occurring 4 days after a C5/C6 fracture dislocation injury [189]. The incidence of

The incidence of vertebral

artery insufficiency ranges

up to 45 % in patients

with cervical fractures

vertebral artery insufficiency (VAI) is reported in up to 46% of patients with cer-
vical fractures. Fractures through the foramen transversarium (44% [208]), facet
fracture-dislocations (45% [208]), or vertebral subluxation (80% [208, 211])
have the highest incidence of post-traumatic VAI. Most patients with VAI are
asymptomatic. Among the diagnostic modalities for identifying VAI, angiogra-
phy, MRI, and duplex sonography seem to be of similar value, although none of
these modalities has been compared in a clinical context of cervical injuries. Biffl
et al. [29] reported that patients not treated initially with intravenous heparin
anticoagulation despite an asymptomatic VAI reported strokes more frequently.
However, because the risk of significant complications related to anticoagulation
is approximately 14% in these studies, there is insufficient evidence to recom-
mend anticoagulation in asymptomatic patients.

Synopsis of Assessment Recommendations

The Neck Pain Task Force issued recommendations for the clinical management
of patients with neck pain presenting to the emergency room after motor vehicle
collisions, falls and other mishaps involving blunt trauma to the neck [93]. The
task force proposed that the initial clinical assessment should classify patients
into four broad categories or grades rather than establishing a specific structural
diagnosis [93] (Table 6).

In Grade I neck pain, complaints of neck pain may be associated with stiffness
or tenderness but no significant neurological complaints. There are no symp-
toms or signs to seriously suggest major structural pathology, such as vertebral

Table 6. Grading of blunt neck injuries

Grade I ) neck pain with no signs of serious pathology and no or little interference
with daily activities

Grade II ) neck pain with no signs of serious pathology, but interference with daily
activities

Grade III ) neck pain with neurological signs of nerve compression

Grade IV ) neck pain with signs of major structural pathology

According to the Neck Pain Task Force [93]
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Figure 7. Assessment recommendations

The assessment and management of blunt neck trauma in the emergency room as proposed by the Neck Pain Task
Force [93], reproduced with permission from Lippincott, Williams & Wilkins). High and low risk factors are defined
according to the Canadian C-Spine Rule (see Fig. 4) [186].

fracture, dislocation, and injury to the spinal cord or nerves. In Grade II neck
pain, complaints of neck pain are associated with interference in daily activities,
but no signs or symptoms to seriously suggest major structural pathology or sig-
nificant nerve root compression. Interference with daily activities can be ascer-
tained by self-report questionnaires. In Grade III neck pain, complaints of neck
pain are associated with significant neurological signs such as decreased deep
tendon reflexes, weakness, and/or sensory deficits. These clinical signs suggest
malfunction of spinal nerves or the spinal cord. The mere presence of pain or
numbness in the upper limb without definitive neurological findings and consis-
tent imaging studies does not warrant a Grade III neck pain designation. Grade IV
includes complaints of neck pain and/or its associated disorders where the exam-
ining clinician detects signs or symptoms suggestive of major structural pathol-
ogy. Each “grade” of neck pain requires different investigations and management.
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For patients presenting to the emergency room after a blunt trauma, a distinct
algorithm [93] is suggested (Fig. 7) and diagnostic work-up is recommended by
the Neck Pain Task Force [93]:

) Patients with suspected blunt trauma to the neck presenting to the emer-
gency room with decreased level of consciousness, intoxication, and/or
major distracting injuries should be considered high risk for cervical spine
fracture or dislocation [105]. A CT scan of the cervical spine should be con-
sidered if available.
) Alert (Glasgow Coma Scale of 15) and stable patients should be screened

according to the NEXUS criteria or the Canadian C-Spine Rule [105, 186].
) Patients screened as low risk with the above criteria (i.e., Grade I and Grade

II) do not require radiological investigation and should receive reassurance
and supportive care.
) Patients who do not meet the low-risk criteria (NEXUS, C-Spine Rule) [105,

186] should receive a plain (three-views) radiograph or a CT of the cervical
spine (C0–T1). If suspicion remains about cervical spine fracture or disloca-
tion after plain radiography, this group should receive a CT scan.
) In the absence of radicular pain or neurological signs, and where radio-

graphs and/or a CT scan rule out spinal fracture or dislocation, patients
should be classified as Grade I or Grade II (as appropriate).
) Patients with radiographs or CT scan compatible with spinal fracture or

dislocation and those with radicular findings (decreased deep tendon
reflexes, weakness and/or sensory deficits) should be referred to a spinal
surgery specialist for evaluation.
) Flexion/extension radiographs, five-view radiographs, and MRI of the

cervical spine do not add meaningful clinical information to the emergency
management of blunt trauma to the neck in the absence of fracture, disloca-
tion, or radicular signs [148].

General Treatment Principles

The general objectives of the treatment of cervical injuries are (Table 7):

Table 7. General objectives of treatment

) restoration of spinal alignment ) preservation or improvement of neurological function
) restoration of spinal stability ) avoidance of collateral damage
) restoration of spinal function ) resolution of pain

The treatment should provide a biological and biomechanical sound environ-
ment that allows uneventful bone and soft-tissue healing and finally results in a
stable, fully functional and pain-free spinal column. These goals should be
accomplished with a minimal risk of morbidity.

Whiplash-Associated Disorders

Treatment recommendation cannot be solidly based on scientific evidence
from the literature because of the poor methodological quality and inhomoge-
neity of the studies [199]. However, it appears that rest and immobilization
using collars are not recommended for the treatment of whiplash, while active
interventions, such as advice to “maintain normal activities,” might be effective
in acute whiplash patients [177, 198]. In chronic WAD, a combination of cogni-
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In WAD, reassurance about

the absence of a structural

lesion and the recommen-

dation to maintain normal

activities are most

important for recovery

tive behavioral therapy with physical therapy intervention and coordination
exercise therapy appear to be effective [177]. Recent research has demonstrated
that both coping behaviors and depressive symptomatology play a significant
role in the recovery of patients with WAD and need to be addressed at an early
stage [41, 42].

The Bone and Joint Decade Task Force recommends certain management
strategies which can help, at least in the short term. In the early stages of Grade
I or II neck pain (no radiculopathy or structural pathology) after a motor vehicle
collision, the Neck Pain Task Force recommends the following clinical approach
[93]:

) reassurance about the absence of serious pathology
) education that the development of spinal instability, neurological injury or

serious ongoing disability is very unlikely
) promotion of timely return to normal activities of living
) if needed, exercise training and/or mobilization to provide short-term relief

Cervical sprains and strains of the cervical spine after non-motor vehicle
accidents are quite common [201] and similar treatment recommendations
apply.

Non-operative Treatment Modalities

Cervical orthoses limit movement of the cervical spine by buttressing structures
at both ends of the neck, such as the chin and the thorax. However, applied pres-
sure over time can lead to complications such as:

) pressure sores and skin ulcers
) weakening and atrophy of neck muscles
) contractures of soft tissues
) decrease in pulmonary function
) chronic pain syndrome

Collars

Soft collars (Fig. 8a, b) have a limited effect on controlling neck motion, restrict-
ing flexion/extension about 20–25%, lateral bending 8%, and one-directional
rotation 17% [155]. A soft collar is at best useful for the acute (short-term) treat-
ment of minor cervical muscle strains and sprains. However, soft collars are no
better than the recommendation of “return to normal activities” particularly not
in WADs [148]. The Philadelphia collar (Fig. 8c, d) has been shown to control
neck motion, especially in the flexion/extension plane, much better than the soft
collar. Restriction in flexion/extension is 71%, lateral bending 34%, and axial
rotation 56%. Disadvantages of the Philadelphia collar are the lack of control for
flexion/extension control in the upper cervical region and lateral bending and
axial rotation [155]. Further, the Philadelphia collar was shown to elicit increased
occipital pressure, which may result in scalp ulcers, particularly in comatose
patients.

Minerva Brace/Cast

A Minerva cervical brace is a cervicothoracal orthosis with mandibular, occipi-
tal, and forehead contact points. Radiological evaluation showed the Minerva
cervical brace to limit flexion/extension in 79%, lateral bending in 51%, and
axial rotation in 88% of cases [178]. This brace provides adequate immobiliza-
tion between C1 and C7, with less rigid immobilization of the occipital-C1 junc-
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e f
Figure 8. Orthosis and casts

a, b Soft collar, c, d Philadelphia collar, e, f Minerva cast.

tion. The addition of the forehead strap and occipital flare assists in immobiliz-
ing C1–C2 [178]. However, we prefer a customized Minerva cast made of a Scotch
cast, which can be individually molded and provides a reliable fixation which the
patient cannot simply take off (Fig. 8e, f).

Traction

The Gardner-Wells tongs (Fig. 9a) can be applied using local anesthesia. The
pin application sites should be a finger breadth above the pinna of the auricle
of the ear in line with, or slightly posterior to, the external auditory canal (Fig.

9d, e). The exact anteroposterior position can be chosen to help apply traction
with the neck in some flexion (posterior site) or extension (anterior site). The
device should be tightened until 1 mm of the spring-loaded stylet protrudes
(Fig. 9b, c), which corresponds to an average of 13.5 kg of compressive force.
Of note, the pin only penetrates the external skull lamina. The average force
necessary to penetrate the inner table with cadaveric specimens with the tong
pin was 73 kg [126], indicating a large safety margin. If the device is planned
to remain for an extended time period, the marker should be tightened once
again 24–48 h after application. A nut located over each pin should be tight-
ened down to the tong to secure the pins in position, minimizing the risk of
break-out.

Rule out AOD or discoliga-

mentous disruption before

applying traction

Although most cervical injuries can be stabilized with traction, it is manda-
tory to rule out an atlanto-occipital dislocation or complete discoligamentous
injuries before applying traction because of the inherent risk of rapid neurologi-
cal deterioration, which can be irreversible.
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Figure 9. Traction

Gardner-Wells tongs. a Anteroposterior view; b view of spring-loaded stylet (unloaded); c view of spring-loaded stylet
(loaded); d, e correct positioning of the skull pins.

The initial weight should not exceed 5–7 kg (depending on body weight) and
increases incrementally (30–60 min) only after control imaging. Recommenda-
tions for the maximum weight cannot be based on the literature. However,
weights up to 60 kg have been reported [53], but we do not recommend to go to
that limit.

Halo

The halo vest is the first

conservative choice for

unstable lesions

Since its introduction by Nickel [145, 146], the halo skeletal fixator has proved to
be the most rigid and effective method of cervical spine immobilization [116]. It
was originally developed to immobilize the unstable cervical spine for surgical
arthrodesis in patients with poliomyelitis. Longitudinal traction with a cranial
halo affords control and positioning in cervical flexion, extension, tilt, and rota-
tion as well as longitudinal distraction forces. The optimal position for anterior
halo pin placement is 1 cm superior to the orbital rim (eyebrow), above the lateral
two-thirds of the orbit, and below the greatest circumference of the skull. This
area can be considered as a relatively “safe zone” (Fig. 10a, b). Ring or crown size
is determined by selection of a ring that provides 1–2 cm clearance around every
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Figure 10. Halo

a, b Correct positioning of the skull pins, c halo vest.

aspect of the head perimeter. Vest size is determined by measurement of chest
circumference with a tape measure. The halo vest (Fig. 10c) seems to be the first
choice for conservative treatment of unstable injuries of the upper cervical spine,
although pin track problems, accurate fitting of the vest, and a lack of patient
compliance lead to clinical failures [165]. Because of these drawbacks, the
authors’ preference is a Minerva cast.

Spinal Cord Injuries

Spinal cord injury frequently

results from cervical

fracture/dislocation

Spinal cord injuries are frequently associated with traumatic cervical spine frac-
tures and cervical facet dislocation injuries due to a displacement of fracture
fragments or subluxation of one vertebra over another. Reduction of the defor-
mity helps to restore the diameter of the bony canal and eliminates bony com-
pression of the spinal cord. Theoretically, early decompression of the spinal cord
after injury may lead to improved neurological outcome. However, indication
and timing of surgical interventions in patients with complete and incomplete
spinal cord injuries has been debated in the literature [6]. Yablon et al. [211]
found that patients who underwent operative stabilization more frequently
improved regarding neurological level than patients who were treated conserva-
tively. In tetraplegic patients, such improvement can be essential for quality of
life.
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Role of Steroids in Acute Spinal Cord Injury

High-dose methylpredniso-

lone is highly controversial

in acute SCI

The role of steroids in acute spinal cord injury is very controversial [35, 122].
Although the use of corticosteroids can usually be considered safe in surgical
patients [166, 168, 190], the potential side effects of high dose methylpredniso-
lone such as infections [84, 86], pancreatitis [100], myopathies [157], psychosis
[194], and lactate acidosis in combination with intravenous adrenaline treatment
[98] are important arguments against this treatment. After the release of the
NASCIS (National Acute Spinal Cord Injury Study) II study [36], the use of high-
dose methylprednisolone in spinal cord injury became the standard of care.
However, many researchers found the study methodology and statistics ques-
tionable. Short [180] revisited this concern within the evidence-based frame-
work of a critical appraisal of the accumulation of clinical studies and concluded
that high-dose methylprednisolone cannot be justified as a standard treatment in
acute spinal cord injury within current medical practice. On the other hand, the
fact that there may be some hope of benefit and that adverse medicolegal implica-
tions are feared has led many centers to adhere to the NASCIS II guidelines. Nev-
ertheless, many centers are currently revising these guidelines to limit or discon-
tinue the use of methylprednisolone [131]. We only consider high-dose methyl-
prednisolone treatment for young patients with a monotrauma of the spine, i.e.,
without significant additional injuries.

Role and Timing of Spinal Cord Decompression

Secondary SCI due

to additional fracture/

dislocation must be avoided

Particularly in unstable fractures, further mechanical injury to the spinal cord by
secondary dislocations must be avoided. The severity of the injury is related to
the force and duration of compression, the displacement and the kinetic energy.
Many animal models, including those of primates, have demonstrated that neu-
rological recovery is enhanced by early decompression [72].

However, this experimental evidence has not been translated to patients with
acute spinal cord injury. This may in part be due to:

) heterogeneous injury patterns
) absence of well-designed RCTs

Even delayed decompression

may improve neurology

While one randomized controlled trial (RCT) showed no benefit of early (<72 h)
decompression [197], several recent prospective series suggest that early decom-
pression (<12 h) can be performed safely and may improve neurological outcomes
[72]. Aebi et al. [12] demonstrated in 100 retrospectively examined patients that
reduction within the first 6 h revealed the best neurological results. Lee et al. [124]
found that 26% of patients who were reduced within 12 h improved the Frankel
scale two or more grades, whereas only 8% improved if reduction was performed
after 12 h. Immediate closed reduction is the most rapid and effective procedure
for decompression in patients presenting with significant motor deficits [90].
However, pre-reduction MRI performed in patients with cervical fracture disloca-
tion injury will demonstrate disrupted or herniated intervertebral discs in one-
third to one-half of patients with facet subluxation [3, 90]. These findings do not
seem to significantly influence outcome after closed reduction in awake patients
and the usefulness of pre-reduction MRI can be questioned in this setting. A num-
ber of studies have documented recovery of neurological function even after
delayed decompression of the spinal cord (months to years) after the injury [21, 33,
34, 123, 193]. The improvement in neurological function with delayed decompres-
sion in patients with cervical or thoracolumbar spinal cord injury who have pla-
teaued in their recovery is noteworthy and suggests that compression of the cord is
an important contributing cause of neurological dysfunction [3].
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Urgent decompression

is indicated for an

incomplete SCI

There are currently no standards regarding the role and timing of decompression
in acute spinal cord injury. An immediate operative intervention is recom-
mended in patients with incomplete spinal cord injury or progressive neurologi-
cal deterioration, and in whom there is a persistent mechanical compression of
the spinal cord by fracture fragments or disc material [6, 72].

Specific Treatment of Upper Cervical Spine Injuries

For the vast majority of cervical injuries, there is insufficient scientific evidence
to support diagnostic and treatment standards or guidelines. At best it is possible
to indicate options which are evidence enhanced but not evidence based [2]. We
acknowledge that the anecdotal experience of the authors has been used to
attempt to fill in the gap in those areas where scientific evidence is lacking. We
therefore ask the reader to critically evaluate any treatment recommendation
before adaptation.

Fractures of the Occipital Condyle

Occipital condyle fractures

are rare and require

CT/MRI assessment

Traumatic occipital condyle fracture (OCF) was first described by Bell in 1817 [28].
Occipital condyle fractures are rare injuries. Clinical suspicion should be raised by
the presence of one or more of the following criteria: blunt trauma patients sustain-
ing high-energy craniocervical injuries, altered consciousness, occipital pain or
tenderness, impaired cervical motion, lower cranial nerve paresis, or retropharyn-
geal soft tissue swelling. Computed tomographic imaging allows the establishment
of the diagnosis of OCF and for a precise assessment of fracture displacement. MRI
is recommended to assess the integrity of the craniocervical ligaments [8].

Classification

Occipital condyle fracture can be distinguished into three types (Fig. 11):

Figure 11. Classification of occipital condyle fractures

Type I: fractures may occur with axial loading. Type II: fractures are extensions of a cranial basilar fracture. Type III: frac-
tures result from an avulsion of the condyle during rotation, lateral bending, or a combination of these mechanisms.

Treatment

Occipital condyle fractures

are usually treated by exter-

nal immobilization

The choice of treatment depends on the extent of fracture displacement (as seen
in CT) and ligamentous injury. Depending on the severity of injury, the treat-
ment ranges from collar immobilization to more rigid halo jacket or cast immo-
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bilization [8]. Patients with untreated OCF may develop lower cranial nerve defi-
cits which then require rigid immobilization [8]. However, OCFs are rarely asso-
ciated with neurological deficits and can usually be treated conservatively [212].
In 2002, a review of the literature of OCF revealed 47 articles including a total of
91 patients. Based on this review, treatment with external cervical immobiliza-
tion is recommended [8]. Although Type III OCFs are considered unstable, not
all patients will develop neurological deficits and require surgery [8].

Atlanto-occipital Dislocation

Atlanto-occipital dislocation

is a rare and often fatal

condition

Atlanto-occipital dislocation (AOD) is a rare and often fatal traumatic injury that
is difficult to diagnose. Immediate death may result from injuries to the brain,
spinal cord, and lesions to the vascular structures, particularly the vertebral
arteries [1]. In individuals who have survived the initial injury, the diagnosis is
often overlooked because AOD is frequently combined with traumatic brain
injury or multiple organ trauma. Patients who survive often have neurological
impairment, such as unilateral or bilateral weakness, lower cranial neuropathies,
or tetraplegia. The diagnosis is frequently missed on initial lateral cervical X-rays
[1]. Interestingly, nearly 20% of patients with acute traumatic AOD will have a
normal neurological examination on presentation [1]. Prevertebral soft tissue
swelling on a lateral cervical radiograph or craniocervical subarachnoid hemor-
rhage on axial CT has been associated with AOD and should increase the suspi-
cion of this lesion. CT with 3D image reformation, MRI and angiography are the
imaging modalities that will allow the diagnosis of AOD and to exclude addi-
tional concomitant injuries [121]. Avulsion fractures of the occipital condyles,
apical dens fractures, and a retropharyngeal hematoma may lead to the diagnosis
of an AOD [63]. The presence of upper cervical prevertebral soft tissue swelling
on an otherwise non-diagnostic plain X-ray should prompt additional imaging
[1]. If there is clinical suspicion of AOD, and plain X-rays do not suffice, CT and/
or MRI is necessary [1].

Classification

A lateral cervical radiograph is recommended for the diagnosis of AOD to calcu-
late the ratio of basion/posterior arch of C1 to anterior arch of C1/opisthion
according to Kricun [120] (Fig. 5c). Three types of AOD can be classified accord-
ing to Traynelis [196] (Fig. 12).

A systematic review of the literature published between 1966 and 2001
revealed 48 articles including a total of 79 patients with AOD (29 Type I, 32 Type
II, 4 Type III). However, 14 cases were unclassifiable because these fractures were
lateral, rotational, and multidirectional dislocations not fitting the three types of
Traynelis [196].

Treatment

Rule out AOD before

applying traction

All patients with AOD should be treated [1]. Without treatment, nearly all
patients develop neurological deterioration and recovery is unlikely. In the pres-
ence of AOD, traction may result in devastating neurological deficits [1]. There-
fore, AOD must be ruled out before applying traction.

Internal fixation and fusion

is indicated in all patients

with AOD

Therapeutic options aim to stabilize the cervico-occipital junction and to
avoid secondary neurological deterioration [185]. Consequently, craniocervical
fusion with internal fixation (using a Y-plate or newer generation occipital plate-
rod systems) is recommended for the treatment of patients with acute traumatic
AOD to allow for early mobilization [1].
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Figure 12. Atlanto-occipital dislocations

Type I: anterior dislocation. Type II: vertical dislocation. Type III: posterior dislocation.

Fractures of the Atlas

Fractures of the atlas account for approximately 1–2% of all fractures and for
2–13% of all acute cervical spine fractures [94, 129, 179]. Cooper was the first to
demonstrate a fracture of the atlas in 1822 at autopsy. In 1920, Jefferson [114]
reviewed 42 previously described cases of atlas fractures adding 4 of his own
cases. Although his article documents a variety of atlas fracture patterns, it is best
known for the characterization of the “Jefferson fracture,” i.e., a burst fracture
injury of the atlas ring [99]. Acute atlas fractures comprise a large variety of frac-
ture types. These fractures are frequently associated with other cervical fractures
or ligamentous traumatic injuries [95, 150].

Classification

Burst fractures of the atlas are caused by massive axial loads and often occur at
the sulcus vertebralis, the weakest site of the arch. These fractures are very fre-
quently associated with other fractures of the craniocervical junctions. Accord-
ing to Jefferson [114], five types can be differentiated (Fig. 13).

Treatment

The extent of lateral mass

displacement is decisive

for the treatment

The treatment of atlas fractures in combination with other cervical fracture inju-
ries is most commonly linked to the treatment of the associated injury [95]. The
decision for the treatment of atlas fracture depends on the stability of the frac-
ture. The main criteria to determine C1–C2 instability due to transverse atlantal
ligament injury include the sum of displacement of the lateral masses of C1 com-
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Figure 13. Classification of atlas fractures

pared to C2 of more than 8 mm on plain X-rays (rule of Spence [183] corrected
for magnification [102]), a predental space of more than 4 mm in adults [206],
and MRI evidence of ligamentous disruption or avulsion [4].

Unstable burst fractures

should be treated with rigid

external fixation or

instrumented fusion

The literature does not allow treatment recommendations to be given on solid
scientific evidence. So far, treatment options are based on the specific atlas frac-
ture type [4]. It is recommended to treat isolated fractures of the atlas with intact
transverse alar ligaments (implying C1–C2 stability) with cervical immobiliza-
tion alone (rigid collar, halo vest, or Minerva cast) for a duration of 10–12 weeks
[4]. It is recommended to treat isolated fractures of the atlas with disruption of
the transverse ligament with rigid external fixation (halo vest or Minerva cast) or
with atlantoaxial screw fixation and fusion [4].

Atlantoaxial Instabilities

Atlantoaxial instabilities

are rare after trauma

Atlantoaxial instability results from either a purely ligamentous injury or avulsion
fractures. While atlantoaxial dislocation and subluxation is relatively common in
patients with rheumatoid arthritis [40], a traumatic origin due to a rupture of the
transverse ligament is rare [62]. Atlantoaxial dislocations occur more frequently in
elderly patients when compared to other traumatic cervical injuries [112]. These
injuries are significant, because complete bilateral dislocation of the articular pro-
cesses can occur at approximately 65° of atlantoaxial rotation. When the transverse
ligament is intact, a significant narrowing of the spinal canal and subsequent
potential spinal cord damage is possible [54]. With a deficient transverse ligament,
complete unilateral dislocation can occur at approximately 45° with similar conse-
quences. In addition, the vertebral arteries can be compromised by excessive rota-
tion which may result in brain stem or cerebellar infarction and death [173, 202].

A special form of atlantoaxial instability is referred to as atlantoaxial rotatory
subluxations, which may occur with or without an initiating trauma. Non-trau-
matic etiologies include juvenile, rheumatoid arthritis, surgical interventions
such as tonsillectomy or mastoidectomy, and infections of the upper respiratory
tract (“Grisel syndrome”).
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Classification

Atlantoaxial instabilities can be classified according to the direction of the dislo-
cation as [20]:

) anterior (transverse ligament disruption, dens or Jefferson fracture)
) posterior (dens fracture, see Fielding Type IV)
) lateral (lateral mass fracture of C1, C2, or unilateral alar ligament ruptures)
) rotatory (see Fielding Types I–III)
) vertical (rupture of the alar ligaments and tectorial membrane)

Rotatory Atlantoaxial Instability

Only Types I and II occur

as a result of trauma

Rotatory injuries of the atlantoaxial joint are a spectrum of rare lesions that range
from rotatory fixation within the normal range of C1–C2 motion to frank rota-
tory atlantoaxial dislocation [51, 74, 75, 128]. Atlantoaxial rotatory dislocations
frequently occur in children but rarely in adults. According to Fielding et al. [74,
75], four types can be differentiated (Fig. 14):

Figure 14. Atlantoaxial rotatory subluxation

Type I: rotatory fixation with no anterior displacement (transverse ligament intact) and the dens working as pivot. Type II:
rotatory fixation with anterior displacement of 3 – 5 mm and one lateral articular process acting as the pivot. Type III: rota-
tory fixation with anterior displacement of more than 5 mm. Type IV: rotatory fixation with posterior displacement. Type
III and IV were only observed in non-traumatic conditions.

Treatment

Reduction and

instrumented fusion

is the treatment of choice

Anterior dislocations of more than 3 mm are regarded as unstable and usually
fail to heal conservatively. Therefore, reduction and atlantoaxial fusion is recom-
mended as the treatment of choice [101]. The internal fixation should reduce and
prevent further translation of C1 on C2. In both cases, the transarticular screw
technique or the C1–C2 fusion technique described by Harms [96] is a good sur-
gical option. A Gallie or Brooks fusion should be added to obtain long-term sta-
bility. The treatment of posterior and lateral instabilities depends largely on the
concomitant injury (e.g., dens fracture). Vertical instability is treated by an occi-
pitocervical fusion [20]. Type I rotatory instabilities are often stable and can be
treated by reduction, and rigid external fixation for 4–6 weeks. In recurrent Type
I rotatory instabilities as well as in unstable Type II instabilities, an atlantoaxial
fusion is indicated [20].

Dens Fractures

The most common axis injury is a fracture through the odontoid process. Atlan-
toaxial motion is primarily rotational, accounting for about one-half of the axial
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rotation of the head on the neck [203]. Translational motion of C1 on C2 is
restricted by the transverse atlantal ligaments that center the odontoid process to
the anterior arch of C1. With a fracture of the odontoid process, restriction of
translational atlantoaxial movement is lost [205].

Classification

According to the classification of Anderson and D’Alonzo [19], three types can be
differentiated (Fig. 15):

Figure 15. Odontoid fractures

Type I: oblique fractures through the upper portion of the odontoid process. Type II: across the base of the odontoid pro-
cess at the junction with the axis body. Type III: through the odontoid that extends into the C2 body.

Comminuted (Type IIA)

fractures are associated

with severe instability

In 1988, Hadley et al. [94] added a comminuted fracture involving the base of the
odontoid as a Subtype IIA. The incidence of a Type IIA fracture was 5% of all
Type II fractures. Importantly, Type IIA fractures were associated with severe insta-
bility and inability to obtain and maintain fracture reduction and realignment.

Treatment

A variety of non-operative and operative treatment alternatives have been pro-
posed for odontoid fractures based on [5]:

) fracture type
) degree of (initial) dens displacement
) extent of angulation
) patient’s age

Non-operative Treatment

The non-operative treatment options consist of:

) cervical collar
) traction
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) Minerva cast
) halo jacket

Cervical collar is an option

for Type I fractures

Several authors proposed treatment of odontoid fractures with cervical collars.
In a series by Polin et al. [156], 36 Type II fractures were treated either with a Phil-
adelphia collar or with halo vest immobilization. The fusion rate was lower in the
patients treated with collars compared with patients managed in halos (53% vs.
74%, respectively). The infrequent Type I odontoid fracture seems to have an
acceptable rate of fusion with rigid cervical collar immobilization, approaching
100% in one study [19, 47, 49]. Type III odontoid fractures have been treated
with cervical collars as well, but the fusion rates are in the range 50–65% in small
series.

Traction and cervical collars

are inappropriate

for Type II fractures

Reviews by Traynelis [195] and Julien et al. [118] address the treatment of
odontoid fractures with traction and subsequent immobilization in a cervical
collar. The authors concluded that the non-union rate of Type II dens fractures is
almost 50% indicating that traction and cervical collar immobilization is not
appropriate for Type II fracture patients.

Halo immobilization is an

option for Type I and III

odontoid fractures

Greene et al. [91] reviewed 199 odontoid fractures and reported that successful
fusion was obtained with halo vest immobilization in the Type I (100%) and
Type III fractures (98.5%). Non-union resulted in 28% of Type II fractures
treated with external immobilization for a median of 13 weeks. A displacement of
the dens of 6 mm or more was associated with a high non-union rate (86% failure
rate), irrespective of patient age, direction of displacement, or neurological defi-
cit. Julien et al. [118] reviewed nine articles that dealt with treatment of odontoid
fractures (total of 269 patients) using halo/Minerva fixation for 8–12 weeks. The
non-union rate for Type I, II and III odontoid fractures was 0%, 35% and 16%,
respectively.

The high non-union rate of

Type II dens fractures is due

to inadequate fracture

immobilization

White and Panjabi [205] have outlined that it is unlikely that the high non-
union rate of Type II fractures is due to a limited blood supply to the fracture
fragments but rather due to the inadequate immobilization of the fracture.

Operative Treatment

Surgical techniques to stabilize the atlantoaxial joint complex are technically
demanding. Proper understanding of the fracture, careful preoperative planning
(e.g., CT studies of the anatomical landmarks), adequate knowledge of the surgi-
cal anatomy, good intraoperative fluoroscopic control, and precise surgical tech-
nique will yield the best results. Based on recent literature reviews [5, 118, 195],
Type II and Type III odontoid fractures should be considered for surgical fixation
in cases of:

) dens displacement of 5 mm or more
) dens fracture (Type IIA)
) inability to achieve fracture reduction
) inability to achieve main fracture reduction with external immobilization

Greene et al. [91] have found that patients with dens displacement of 6 mm or
more had a non-union rate of 86%, compared with a non-union rate of 18% for
patients with displacement of less than 6 mm.

The surgical armamentarium consists of:

) anterior dens screw fixation (Fig. 16a–d)
) anterior atlantoaxial screw fixation and fusion (Fig. 16e, f)
) posterior atlantoaxial fusion (Gallie or Brooks) (Fig. 17a–d)
) posterior atlantoaxial screw fixation and fusion (Fig. 17e, f)
) posterior atlas and axis screw-rod fixation and fusion (Fig. 17g, h)
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Figure 16. Anterior surgical stabilization of dens fractures

Anterior dens screw fixation: a The dens fracture is reduced prior to surgery by traction and patient positioning. Two Kir-
schner wires are inserted in an anterior-caudal to posterior-cranial direction. b The Kirschner wires should be convergent
but must allow for enough interspace for the insertion of the cannulated screws. c, d Cannulated screws are inserted over
the Kirschner wires. When inserting the screw care must be taken that the screw is not angulated to the guide wire in
order not to cause breakage or proximal advancement of the guide wire. After screw insertion the wires are removed. e,
f Anterior transarticular screw fixation: As an augmentation of the anterior dens screw or in cases of a salvage proce-
dure, screws can be inserted over Kirschner wires from a medial-anterior-caudal to a lateral-posterior-cranial direction
crossing the atlantoaxial joint.

Anterior screw fixation is

indicated in Type II fractures

Anterior odontoid screw fixation is indicated in Type II fractures with either a
horizontal or anterior cranial to posterior caudal direction of the fracture line. In
cases in which the fracture line is running in the anterior caudal to posterior cra-
nial direction, fracture displacement is likely and therefore a contraindication.
This direct osteosynthesis technique aims to maintain rotational motion at the
atlantoaxial joint. Transverse alar ligament disruption is a contraindication for
anterior screw fixation because of persistent transverse instability. In the review
by Julien et al. [118], the fusion rate of Type II fractures treated with anterior
screw fixation was 89%.
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The technical issue of whether one or two screws are needed has been addressed in
various studies [25, 115, 188]. Although there is a theoretical advantage of prevent-
ing rotation with two screws, there is no increased strength for bending move-
ments and no difference in successful bony fusion. Although two screws are theo-
retically desirable, fixation with one screw is sufficient with adequate technique
[115, 188] (Case Study 1). Apfelbaum et al. [25] compared anterior screw fixation
for recent and remote odontoid fractures in 147 patients at two institutions (138
Type II, 9 Type III). Anterior screw fixation was performed either within 6 months
of injury or more than 18 months after injury. At a mean follow-up of 18 months,
the fusion rates were 88% and 25%, respectively. These results indicate that remote
dens fractures do not favorably respond to anterior screw fixation. An alternative
technique for augmentation or salvage procedures of failed anterior screw fixation
is an anterior atlantoaxial screw fixation (Fig. 16e, f).

Dislocated Type II and Type

IIA fractures are indications

for surgery

In cases with remote dens fractures, dens non-union, os odontoideum or
elderly patients with osteoporosis, a posterior approach is more likely to be suc-
cessful. The classical treatment is a posterior instrumented fusion according to

a b c

d

Case Study 1

This 51-year-old male patient fell from his mountain bike and complained
about neck pain. On admission, the patient was neurologically intact (ASIA E).
Standard anteroposterior and lateral (a) radiographs demonstrated a Type II
odontoid fracture. The sagittal CT reconstruction confirmed the diagnosis of
the fracture at the base of the odontoid process (b). Repositioning and anterior
stabilization with a single screw was performed. Follow-up radiographs (c, d)
demonstrated an anatomical reduction of the fracture and bony healing.
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Figure 17. Posterior atlantoaxial stabilization techniques

Posterior C1/2 fusion according to a, b Brooks and c, d Gallie. e, f Transarticular atlantoaxial screw fixation according to
Magerl [113] with additional wire cerclage and fusion with a bicortical bone graft. g, h Alternative screw-rod fixation
according to Harms [96].

Cervical Spine Injuries Chapter 30 859



Gallie or Brooks (Fig. 17a–d). The drawback of these fusion techniques is the lack
of primary stability increasing the rate of non-union. Posterior atlantoaxial
transaxial screw fixation and fusion (Fig. 17e, f) according to Magerl [113] pro-
vides the highest chance of successful fusion. Harms et al. [96] have described an
alternative fixation method for the atlantoaxial joint complex, i.e., a posterior
atlas and axis screw-rod fixation and fusion (Fig. 17g, h) (Case Study 2). In a
recent review [5], 8 papers describe a total of 147 patients who underwent poste-
rior cervical fixation and fusion for Type II dens fractures and 29 patients treated
similarly for Type III fractures. The overall fusion rate for fractures managed
with surgical fixation and fusion was 87% (Type II) and 100% (Type III), respec-
tively.

Management in the Elderly Patient

Posterior instrumented

fusion is indicated for Type II

fractures in the elderly

The management of odontoid fractures in the elderly patient remains controver-
sial. Ryan and Taylor [167] described 30 patients 60 years and older with Type II
odontoid fractures. The fusion success rate in patients older than 60 years treated
with external immobilization was only 23%. Similarly, Andersson et al. [24]
described 29 patients 65 years and older with odontoid fractures managed by
surgical and non-surgical means. In their series, six (86%) of seven patients
achieved successful fusion after posterior cervical C1–C2 arthrodesis. Patients
treated with anterior odontoid screw fixation had a fusion rate of 20% and
patients managed with external immobilization alone had a fusion rate of 20%.
Pepin et al. [152] reported their experience with 41 acute odontoid fractures and
found that halo immobilization was poorly tolerated in patients 75 years and
older. They suggested that early C1–C2 fixation and fusion was appropriate in
this group. In a recent review [5], three case series argued against surgical fixa-
tion in the elderly patient whereas seven other case series favor surgical fixation
in this age group. One case-control study by Lennarson et al. [125] provides Class
II medical evidence for surgical treatment of elderly patients. This study exam-
ined 33 patients with isolated Type II odontoid fractures treated with halo vest
immobilization. The authors found that patients older than 50 years had a signifi-
cantly increased failure rate of fusion in a halo immobilization device (21 times
higher) when compared to patients younger than 50 years. Other factors such as
medical conditions, sex of the patient, degree of fracture displacement, direction
of fracture displacement, length of hospital stay, or length of follow-up did not
influence outcome.

Traumatic Spondylolisthesis of the Axis

Traumatic fractures of the posterior elements of the axis may occur after hyper-
extension injuries as seen in motor vehicle accidents, diving, and falls or judicial
hangings [172, 210]. Therefore, the term “hangman’s fracture” was coined by
Schneider in 1965 [172]. Garber [85] described eight patients with “pedicular”
fractures of the axis after motor vehicle accidents and used the term “traumatic
spondylolisthesis” of the axis.

Classification

The classification scheme of Effendi [70] has gained widespread acceptance for
the classification of these injuries. Effendi et al. [70] described three types of frac-
tures which are mechanism based (Fig. 18).
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Figure 18. Traumatic spondylolisthesis (hangman’s fracture)

Type I: isolated hairline fractures of the ring of the axis with minimal displacement of the body of C2. These injuries are
caused by axial loading and hyperextension. Type II: displacement of the anterior fragment with disruption of the disc
space below the axis. These injuries are a result of hyperextension and rebound flexion. Type IIA: displacement of the
anterior fragment with the body of the axis in a flexed position without C2–C3 facet dislocation. Type III: displacement
of the anterior fragment with the body of the axis in a flexed position in conjunction with C2–C3 facet dislocation. These
injuries are caused by primary flexion and rebound extension.

In the series reported by Effendi [70], Type I fractures were the most prevalent
(65%) while Type II (28%) and Type III fractures (7%) were less common. In
1985, Levine and Edwards [127] modified Effendi’s classification scheme by add-
ing a subtype Type IIA (flexion/distraction injury). However, not all axis frac-
tures can be classified according to this scheme [39]. Fujimura et al. [83] used
radiological criteria to classify axis body fractures into: avulsion, transverse,
burst, or sagittal fracture.

Treatment

Most fractures heal within

12 weeks of external

immobilization

Most patients with traumatic spondylolisthesis reported in the literature were
treated with cervical immobilization with good results [5]. Importantly, there is
no Class I or Class II evidence that addresses the management of traumatic spon-
dylolisthesis of the axis [5]. Fractures of the axis body can mostly be treated non-
operatively [5, 91]. Most traumatic spondylolisthesis heals with 12 weeks of cer-
vical immobilization with either a rigid cervical collar or a halo immobilization
device.

Surgical stabilization is an

option in Type II and III

fractures

Surgical stabilization is a preferred treatment option in cases with:

) severe angulation (Effendi Type II)
) disruption of the C2–C3 disc space (Effendi Type II and III)
) inability to establish or maintain fracture alignment with external immobili-

zation

Axis body fractures are

usually treated conservatively

Surgical options for unstable traumatic spondylolisthesis include anterior C2/3
interbody fusion with anterior plate fixation (Case Introduction) and posterior
techniques such as direct screw fixation of the posterior arch [117]. In the series
by Effendi et al. [70], 42 of 131 patients with hangman’s fractures were treated
surgically (10 anterior C2–C3 fusion and 32 posterior fusion). All were success-
fully stabilized at latest follow-up. In the study by Francis et al. [78], only 7 of 123
patients with hangman’s fractures were treated surgically (4 anterior C2–C3
fusion, 2 posterior C1–C3 fusion, and 1 posterior C2–C4 fusion). The authors
report that 6 of the 7 patients demonstrated a C2–C3 angulation of more than
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Case Study 2

This 47-year-old male patient fell from a
donkey at the age of 12 years. Neurologi-
cal symptoms started at the age of
26 years. He recently presented with signs
of chronic central cord compression,
spasticity and gait difficulties (ASIA D).
The sagittal CT reconstruction (a) dem-
onstrates a pseudarthrosis of the odonto-
id process. The MRI (b) shows the com-
pression of the spinal cord at the level of
the pseudarthrosis. Flexion/extension ra-
diographs (c, d) were taken during the
operation and demonstrate the impor-
tant atlantoaxial instability. Dorsal fusion
of C1/C2 was performed according to the
technique of Harms [96]; in addition lami-
nectomy of C1 was performed. The intra-
operative radiographs (e, f ) show the re-
position and the position of the hardware
as well as the needles used for the intraoperative neurological monitoring (e). The postoperative CT scan demonstrates
the reposition of the odontoid process in the anteroposterior view (g) and lateral view (h), the position of the pedicle
screw in C1 (i) and C2 (j), as well as the laminectomy of C1 (i).
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11 degrees. All seven patients achieved bony stability. A number of case series of
hangman’s fractures offer similar experiences with surgical management [5].

Combined Atlas/Axis Fractures

The occurrence of the fractures in combination often implies a more significant
structural and mechanical injury. Combination fractures of the C1–C2 complex
are relatively common [7]. In reports focusing primarily on odontoid fractures,
the occurrence of a concurrent C1 fracture in the presence of a Type II or Type III
odontoid fracture has been reported in 5–53% of cases. Odontoid fractures have
been identified in 24–53% of patients with atlas fractures. In the presence of a
hangman’s fracture, the reported incidence of a C1 fracture ranges from 6% to
26% [7].

A higher incidence of neurological deficit is associated with combined atlas
and axis fractures. The atlas–Type II odontoid combination fracture seems to
be the most common combination injury subtype, followed by atlas–miscella-
neous axis, atlas-Type III odontoid, and atlas–traumatic spondylolisthesis frac-
tures.

Treatment

The axis fracture

characteristics commonly

dictate the management

Reports of combined atlas/axis fractures are relatively rare and no treatment
guidelines but only recommendations can be derived from the literature [7].
Treatment of combined atlas-axis fractures is based primarily on the specific
characteristics of the axis fracture. External immobilization is recommended for
most combined atlas/axis fractures. Combined atlas–Type II odontoid fractures
with an atlantodental interval of more than 4 mm and atlas–traumatic spondylo-
listhesis injuries with angulation of more than 10 degrees should be considered
for surgical stabilization and fusion. The surgical technique must in some cases
be modified as a result of loss of the integrity of the ring of the atlas. In most cir-
cumstances, the specifics of the axis fracture will dictate the most appropriate
management of the combination fracture injury. The integrity of the ring of the
atlas must often be taken into account when planning a specific surgical strategy
using instrumentation and fusion techniques. In cases where the posterior arch
of C1 is not intact, both incorporation of the occiput into the fusion construct
(occipitocervical fusion) and posterior C1–C2 transarticular screw fixation and
fusion have been successful [7].

Classification and Treatment of Subaxial Injuries

In contrast to atlas and axis, the vertebrae and articulations of the subaxial cervi-
cal spine (C3–C7) have similar morphological and kinematic characteristics.
However, important differences in lateral mass anatomy and in the course of the
vertebral artery exist between the mid and lower cervical spine. Approximately

Eighty percent of all cervical

injuries affect the subaxial

spine

80% of all cervical spine injuries affect the lower cervical spine and these injuries
are often associated with neurological deficits [17, 22, 32, 182]. The variety and
heterogeneity of subaxial cervical spinal injuries require accurate characteriza-
tion of the mechanism and types of injury to enable a comparison of the efficacy
of operative and non-operative treatment strategies.
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Classification

The Allen and Ferguson classification system [16] has been the most commonly
used scheme to differentiate and characterize subaxial vertebral injuries. Based
on 165 cases, Allen and Ferguson [16] described common groups for: compres-
sive flexion, vertical compression, distractive flexion, compressive extension,
distractive extension, and lateral flexion.

A systematic classification of the lower cervical spine was proposed by Aebi et
al. [12, 13] and modified by Blauth [30]. The classification is adapted from the
AO/ASIF (Association for the Study of Internal Fixation) classification scheme,
which is widely used for thoracolumbar fractures (see Chapter 31 ). The three
main groups are shown in Table 8 and Fig. 19.

Table 8. AO Fracture Classification of lower injuries

Type A: compression
injuries

Type B: anterior and posterior
element injury with distraction

Type C: anterior and
posterior element injury
with rotation

A1.1 B1.1 C1.1
impaction of the endplate with transverse disc disruption rotational wedge fracture

A1.2 B1.2 C1.2
wedge impaction with Type A vertebral body

fracture
rotational split fracture

A1.3 B1.3 C1.3
vertebral body collapse anterior subluxation rotational burst fracture

A2.1 B2.1 C2.1
sagittal split fracture transverse bicolumn fracture B1 injury with rotation

A2.2 B2.2 C2.2
coronal split fracture transverse disruption of the disc B2 injury with rotation

A2.3 B2.3 C2.3
pincer fracture with Type A vertebral body

fracture
B3 injury with rotation

A3.1 B3.1 C3.1
incomplete burst fracture hyperextension subluxation slice fracture

A3.2 B3.2 C3.2
burst-split hyperextension spondylolysis oblique fracture

A3.3 B3.3 C3.3
complete burst fracture posterior dislocation complete separation of

the adjacent vertebrae

Types, groups, and subgroups allow for a morphology-based classification of cervical fractures
according to Aebi and Nazarian [13] and modified by Blauth et al. [30]

The fracture types are related to specific injury pattern, i.e.:

) injuries of the anterior elements induced by compression (Type A)
) injuries of the posterior and anterior elements induced by distraction

(Type B)
) injuries of the anterior and posterior elements induced by rotation (Type C)

Types B and C are the most

common fractures

Types B and C are the most common fracture types (Table 9).
Subaxial fracture-dislocation is frequently associated with neurological injury

(Table 10).
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Figure 19. AO Fracture Classification of subaxial injuries

According to the classification of AOSPINE (Blauth et al. [30], redrawn and modified).

Table 9. Frequency of fracture types in subaxial injuries

n=448 Total percentage Percentage within the types

Type A 66 14.7%
A1 13 2.9 % 19 – 7 %
A2 9 2.0 % 13.7 %
A3 44 9.8 % 66.6 %

Type B 197 43.9%
B1 157 35.0 % 79.7 %
B2 4 0.9 % 2.0 %
B3 36 8.0 % 18.3 %

Type C 185 41.2%
C1 0 0 % 0 %
C2 184 41.0 % 99.5 %
C3 1 0.2 % 0.5 %

Based on an analysis of 448 cases by Blauth et al. [30]
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Table 10. Frequency of neurological deficits in subaxial injuries

Types and groups Number of patients Neurological deficit

Type A 66 42.4%
A1 13 15.3 %
A2 9 22.2 %
A3 44 54.5 %

Type B 197 64.4%
B1 157 61.0 %
B2 4 75.0 %
B3 36 73.0 %

Type C 185 62.7%
C1 0 0 %
C2 184 62.0 %
C3 1 100 %
Total 448 60.7%

Based on an analysis of 448 cases by Blauth et al. [30]

Treatment

Non-operative Management

Most subaxial cervical

injuries can be treated

conservatively

Most subaxial spine injuries can be successfully treated by conservative means
(Philadelphia collar, Minerva cast or halo vest fixation). Treatment with traction
and prolonged bedrest has been associated with increased morbidity and mor-
tality and has widely been abandoned today. After reduction of dislocated frac-
tures, more rigid fixation techniques (halo vest fixation, Minerva cast) appear to
have better success rates than less rigid orthoses (collars, traction only).

Operative Management

Operative stabilization of unstable fractures (especially for Type B and Type C
injuries) is gaining increasing acceptance because it facilitates aftertreatment
without disturbing external supports. Indications for surgical treatment include
(Table 11) [11]:

Table 11. Surgical indications for subaxial injuries

) irreducible spinal cord compression ) vertebral subluxation of 20 % or more

) ligamentous injury with facet instability ) failure to achieve anatomical reduction
(irreducible injury)

) spinal kyphotic deformity more than 15° ) persistent instability with failure to
maintain reduction

) vertebral body fracture compression of
40 % or more

) ligamentous injury with facet instability

Most subaxial spine injuries

can be treated by

an anterior approach

Both posterior (Fig. 20) and anterior (Fig. 21) cervical fusion techniques usually
result in spinal stability for most patients with subaxial injuries. The outcome of
anterior vs. posterior fracture fixation has been addressed in various recent
publications [14, 77, 97, 119, 133, 162, 192]. The studies include only small case
series (21 patients [77] to 35 patients [119]) and the methodology allows the clas-
sification of the studies using only Class III and Class IV [97, 192] evidence. Aebi
et al. [14] were one of the first groups to suggest that most lower cervical spine
fractures can successfully be treated by an anterior approach even in the case of
distraction and rotation injuries with posterior element involvement. Today, lit-
erature reviews indicate that anterior fixation of fractures of the lower cervical
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Figure 20. Posterior fracture stabilization

a, b Lateral mass screw fixation according to the technique of Magerl [113]. The screw is directed from the medial upper
quadrant of the facet joint 20 – 25° laterally and 30 – 40° cranially. Polyaxial top-loading screws facilitate rod placement.
c, d After decortication of the posterior elements, a posterior fusion is added and a cross-connector used (when appro-
priate) to increase construct stability.

spine is now the preferred treatment approach. Failures of this technique which
may result in reoperations are rare (0–6%) [119, 133].

Anterior fusion should not

be performed without

plate fixation

Anterior fusion should not be performed without plate fixation (Fig. 21),
because it is associated with an increased likelihood of graft displacement and
the development of late kyphosis, particularly in patients with distractive Type B
and Type C injuries [11].

Similarly, posterior fusion that uses wiring techniques is more likely to result
in late displacements with kyphotic angulation when compared to posterior
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Figure 21. Technique of corpectomy and instrumented fusion

The cervical spine is exposed by an anteromedial approach. a The intervertebral discs are excised adjacent to the frac-
tured vertebral level. b The medial three-fifths of the fractured vertebral body is resected. The lateral wall is preserved to
protect the vertebral arteries. c A high-speed diamond burr is used to remove the median part of the vertebral body. Care
must be taken not to push the vertebral wall against the spinal cord during this preparation. d The remaining part of the
posterior vertebral wall is elevated away from the spinal cord and resected with a Kerrison rongeur. e Kerrison rongeur
and curettes are used to remove posterior osteophytes and decompress spinal cord and exiting nerve roots. f The spine
is reconstructed by insertion of a tricortical iliac bone block and anterior plating.

fusion techniques using lateral mass plates or screw-rod fixation systems
(Fig. 20). Combined anterior posterior approaches are necessary in cases with:

) irreducible facet joint dislocations
) remote fracture dislocations with evidence of osseous/fibrous fusion
) very unstable fractures (e.g., bilateral facet joint dislocations)

Although patients with persistent or recurrent cervical spinal malalignment
often achieve spinal stability with either external immobilization or surgical
fusion, many of these “malaligned” patients have residual cervical pain when
compared to similarly treated patients for whom anatomical spinal alignment
could be achieved and maintained.
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Management Recommendations

In a systematic review of subaxial spinal injuries published in 2002 [11], 42 arti-
cles were identified that include sufficient information on the treatment of

Standards of care cannot

derived from the scientific

literature

patients with subaxial injuries with or without facet joint dislocation. Standards
of care or widely accepted guidelines could not be derived from the literature
[11]. In view of the lack of scientific evidence, the authors feel that a pragmatic
approach related to the fracture types is reasonable. However, we want to
acknowledge that this approach is anecdotal but appears to provide a satisfactory
outcome in a large trauma referral center.

Type A Injuries

Type A fractures can usually

be treated conservatively

In Type A1 (impaction fractures) stability is not impaired and these injuries can
usually be treated conservatively with a rigid collar. The upper limit of a tolerable
kyphosis is not known. Deformities of 15°–20° or more should be considered for
operative stabilization with anterior cervical fusion [11, 12, 14]. Similarly, Type
A2 injuries (split fractures) can usually be treated conservatively. Frontal split
fractures should be treated operatively in the presence of [11]:

) neurological symptoms
) dislocation of a posterior vertebral fragment
) substantial kyphosis

“Simple” burst fractures (Type A3), i.e., without neurological impairment or sig-
nificant compromise of the spinal canal, can usually be reduced with traction and
immobilized in a halo for 3 months. A loss of correction occurs and in some cases
late instability may develop. Therefore, we prefer a corpectomy and reconstruc-
tion of the anterior column with a tricortical bone graft and plate fixation
(Fig. 21).

Type B Injuries

Pure distraction injuries (Type B1) can be treated conservatively with a rigid col-
lar in the absence of [11]:

) neurological deficits
) significant injuries of the anterior column

Type B fractures frequently

require operative treatment

Conservative treatment results in a considerable number of late discoligamen-
tous instabilities. Therefore, we prefer an operative treatment (anterior or poste-
rior instrumented fusion) because it shortens the treatment duration. In the case
of a “tear-drop” injury [170], corpectomy, two-level interbody fusion and plate
fixation is indicated (Fig. 21). Transosseous disruption or ruptures of the dorsal
ligament complex combined with bony defects of the anterior column (Type B2)
are very unstable fractures and should therefore be treated operatively [11].
Because of their instability, hyperextension injuries (Type B3) are usually treated
operatively with an anterior interbody fusion and plating [11].

Type C Injuries

Type C injuries should be

treated operatively

Rotational injuries are considered very unstable and are therefore usually treated
operatively [31]. A combined anterior/posterior technique (Case Study 3) pro-
vides the best outcome although in selected cases (e.g., unilateral dislocation/
fractures) either a single anterior or posterior approach may suffice.
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Case Study 3

This 46-year-old female patient had a skiing accident and complained about
neck pain associated with radicular pain in the right arm. She demonstrated no
signs of a spinal cord injury (ASIA E) but radicular neurological symptoms at the
level C5/C6. Standard lateral (a) and anteroposterior (b) radiographs demon-
strated a malalignment of C5/C6, indicating a flexion injury at this level. The
sagittal CT reconstruction (c) confirmed the diagnosis of the Type C flexion
injury with rotation, the facet subluxation on the left (d) and unilateral facet
fracture with luxation on the right side (e). In a dorsoventral approach, the
nerve root on the right side was decompressed, the facet joints C5/C6 were
reduced and stabilized with a lateral mass screw/rod construct, and the rup-
tured disc C5/C6 was removed through an anterior approach, replaced with a
tricortical iliac crest bone graft and stabilized with an anterior plate. Standard
intraoperative lateral (f ) and anteroposterior (g) radiographs demonstrate a
correct reposition and an appropriate alignment.
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Case Study 3 (Cont.)

The postoperative CT scans (h–k)
demonstrate the correct position of
the bone graft and the hardware, the
reposition of the left-sided subluxa-
tion and the right-sided luxation of
the facet joints C5/C6. The radicular
pain disappeared after the surgical
decompression and stabilization.

Complications

Overall, 5% of patients with compressive injuries of the subaxial cervical spine
had persistent instability after non-operative treatment (i.e., immobilization for
8–12 weeks) [38, 39, 46, 79, 80, 132, 134, 151]. In contrast, nearly every patient
treated with anterior (100%, 22 of 22 patients) or posterior (96%, 26 of 27
patients) fusion procedures developed a solid fusion [14, 22, 71]. Kyphosis or
subluxation develops in about 10% of patients who are treated with posterior
fusion [38, 71]. Operative complications are more common in patients treated
with posterior fusion procedures (37%) compared with anterior fusion proce-
dures (9%) [14, 22, 66, 71]. Graft displacement is the most common complication
found in patients treated with anterior cervical fusion without internal fixation
(9%) [14, 66].

Recapitulation

Epidemiology. Cervical spine injuries account for
one-third of all spinal injuries and occur in 2 – 5 % of
trauma patients. The C2, C5 and C6 and C6/C7 are
the most commonly injured vertebrae. Head-in-

jured patients with an initial Glasgow Coma Scale
score of less than 9 are at highest risk of concomi-
tant cervical spine injury. Ten percent of spine trau-
ma patients present with a neurological injury.
Whiplash injury and whiplash associated disorder
(WAD) must be differentiated. WADs tend to be-
come chronic. The number is steadily increasing.

Pathomechanism. Functionally, the cervical spine
is divided into the upper cervical spine [occiput
(C0)–C1–C2] and the lower (subaxial) cervical spine
(C3–C7). Burst fractures (Jefferson) of the atlas ring
can be created by axial loading in slight extension.
Dens fractures result from a combination of hori-
zontal shear and vertical compression. Extension-
distraction can result in a traumatic spondylolis-

thesis of the axial pedicle. Injuries to the lower cer-
vical spine or the spinal cord usually occur indirect-
ly as the result of a blow to the head or from rapid
head deceleration and can be differentiated as
compression, distraction and rotation injuries. The

definition of spinal instability remains enigmatic.
Primary and secondary mechanisms play an impor-
tant role in spinal cord injury. The exact pathome-
chanism of WAD remains unclear but a mild brain
injury is highly unlikely. Late whiplash syndrome re-
sembles the feature of a chronic pain syndrome.

Clinical presentation. The assessment of vital and

neurological functions is key in cervical spine inju-
ries. The onset and time course of the neurological
deficit is important for the prognosis (acute vs. sub-
acute). There is a large variety of symptoms in pa-
tients with cervical strains/sprains due to rear-end
collision. Cognitive functions are often impaired in
late whiplash syndrome. A latent unstable spine

must be considered and excluded prior to a func-
tional testing. A thorough neurological assessment
is mandatory.

Diagnostic work-up. Polytraumatized and head in-
jury patients must be considered to have sustained
a cervical spine injury until proven otherwise. Stan-

dard radiography is indicated in cervical injuries
according to the Canadian C-Spine Rule or NEXUS

criteria. Oblique views are safer and often more in-
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formative than swimmer views for the assessment
of the thoracocervical spine. The radiological ABC

is helpful for image interpretation. Failure to ade-
quately visualize the region of injury is the most
common cause of missed cervical spine injury. The
lateral view should extend from the occiput to C7/
T1. There is increasing evidence that CT scans
should replace cervical spine radiographs. MRI

allows the assessment of soft tissue injury of the
cord, discs, and ligaments. The usefulness of pre-
reduction MRI in awake patients is uncertain. Inju-
ries to the vertebral arteries must be ruled out. Neu-

rophysiological assessments are indicative of the
prognosis.

General treatment principles. Patients with a cervi-
cal sprain/strain or whiplash injury should be treated
with reassurance about the absence of serious
pathology (after diagnostic assessment), education
on prognosis, early return to normal activities and
physical exercises and manipulation (if needed). The
conservative armamentarium consists of Philadel-
phia collar, traction, halo vest and Minerva cast. Sec-
ondary SCI due to additional fracture/dislocation
must be avoided. The role of steroids in acute spinal
cord trauma is controversial. Many centers are revis-
ing the guidelines to limit or discontinue the use of
methylprednisolone. High-dose methylpredniso-

lone is highly controversial in acute SCI and is only
considered in young patients with a monotrauma of
the spine without significant comorbidities. The tim-

ing of decompressive surgery is not well supported
by the literature. However, urgent fracture/reduction
and decompression is indicated in patients with
incomplete or progressive tetraplegia and persistent
spinal cord compression. Even delayed decompres-
sion may lead to recovery of injury-related neurolog-
ical dysfunctions.

Specific treatment. Occipital condyle fractures are
rare and require CT scan imaging. Treatment of
occipital condyle fracture with external immobiliza-
tion is recommended. Atlanto-occipital disloca-

tion is a rare and often fatal traumatic injury. AOD
must be ruled out before applying traction. Stable
atlas fractures can be treated conservatively while
unstable atlas fracture (e.g., Jefferson burst frac-
ture) should be treated by C1/2 or Judet screw fixa-
tion. Atlantoaxial instabilities are relatively com-
mon in patients with rheumatoid arthritis but rela-
tively rare after trauma. Complete bilateral disloca-
tion of the articular processes can narrow the neu-

ral canal and subsequently damage the spinal cord.
In approximately 50 % of all atlantoaxial rotatory
subluxations, the transverse ligament is intact.
Reduction followed by posterior fusion is the treat-
ment of choice for atlantoaxial instabilities. Recur-
rent or irreducible luxations of atlantoaxial rotatory
subluxations are treated by atlantoaxial fusion.
Odontoid fractures are classified according to
Anderson d’Alonzo into three types: tip of the dens
portion (Type I), base of the odontoid process (Type
II) and axial body fractures (Type III). Type IIA frac-
tures are comminuted fractures of the base and are
associated with severe instability. Optimal treat-
ment for odontoid fractures remains controversial.
Cervical collar is a treatment option for Type I and
Type III odontoid fractures. Traction and cervical
collar is inappropriate for Type II odontoid fractures.
Anterior screw fixation should be considered in
Type II odontoid fractures and intact transverse
atlantal ligament within 6 months after the injury.
Type IIA fractures should be considered for early
posterior surgical fixation and fusion of C1–C2.
Type II odontoid fractures in patients 50 years and
older should be considered for posterior instru-
mented fusion. Traumatic spondylolisthesis of the

axis (hangman’s fractures) is commonly classified
according to Effendi into three types: minimal dis-
placement, displacement of the anterior fragment
with disruption of the disc space, and displacement
with C2–C3 facet dislocation. Most hangman’s frac-
tures heal with 12 weeks of cervical immobilization
with either rigid cervical collar or halo immobiliza-
tion. Surgical stabilization of traumatic spondylolis-
thesis has to be considered in Type II fractures with
severe angulation and disruption of the C2–C3 disc
space, Type II with facet dislocation or when main-
taining fracture alignment with external immobili-
zation is not possible. In fractures of the axis body,
external immobilization is suggested as the initial
treatment strategy. The characteristics of the axis
fracture commonly dictate the management of a
combination fracture injury of C1–C2.
Approximately 80 % of all cervical spine injuries are
localized in the lower cervical spine. Subaxial cervi-
cal spine fractures can be classified into Type A

(compression), Type B (distraction) and Type C

(rotation) injuries. Facet dislocation injuries require
open or closed reduction and adequate fixation
with rigid external or internal fixation. Stable undis-
placed Type A injuries of the lower cervical spine
can be treated conservatively. Unstable Type B and
Type C injuries should be treated operatively. Indi-
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cations for surgical treatment for lower cervical
spine injuries include irreducible spinal cord com-
pression, ligamentous injury with facet instability,
spinal kyphotic deformity of more than 15°, verte-
bral body fracture compression of 40 % or more,
vertebral subluxation of 20 % or more, failure to

achieve anatomical reduction (irreducible injury),
persistent instability with failure to maintain reduc-
tion, and ligamentous injury with facet instability.
Most lower cervical spine injuries can be treated by
an anterior approach. Anterior fusion should not
be performed without plate fixation.

Key Articles

Aebi M, Mohler J, Zach GA, Morscher E (1986) Indication, surgical technique, and
results of 100 surgically-treated fractures and fracture-dislocations of the cervical
spine. Clin Orthop Relat Res:244–57
The author analyzes the results of 100 cervical spinal injuries that were treated opera-
tively and demonstrates that immediate reduction of the injury is more important for the
further neurological outcome than improved surgical techniques.

Aebi M, Nazarian S (1987) Classification of injuries of the cervical spine. Orthopaede
16:27–36
The authors propose a classification system of the cervical spine, which draws on the
principles of classification suggested by the ASIF for fractures of the extremities in Type
A, Type B and Type C injuries. Injuries are divided into those of the upper and those of the
lower cervical spine. Beyond this, injuries are subdivided with reference to whether they
affect primarily bone, bone and ligament equally, or primarily ligament.

Aebi M, Zuber K, Marchesi D (1991) Treatment of cervical spine injuries with anterior
plating. Indications, techniques, and results. Spine 16:S38–45
The paper analyzed 86 patients who sustained a cervical spine injury and who had 93
anterior surgical interventions of the cervical spine. The authors demonstrate that the
technique of anterior bone grafting and plating is shown to be straightforward, atrauma-
tic, and reliable for predominantly anterior lesions as well as for posterior injuries. Fur-
thermore, the clinical experiences do not support experimental data and earlier clinical
work, which advocate posterior surgery over anterior surgery and assert that anterior
surgery should not be done in predominantly posterior lesions.

Anderson LD, D’Alonzo RT (1974) Fractures of the odontoid process of the axis. J Bone
Joint Surg Am 56(8):1663–74
The authors describe three types of odontoid fractures: Type I: oblique fractures through
the upper portion of the odontoid process; Type II: across the base of the odontoid pro-
cess at the junction with the axis body; Type III: through the odontoid that extends into
the C2 body.

Davis JW, Phreaner DL, et al. (1993) The etiology of missed cervical spine injuries. J
Trauma 34(3):342–6
The authors describe 32117 trauma patients and analyzed the etiology of missed C-spine
injuries. Cervical spine injuries were identified in 740 patients and the diagnosis was
delayed or missed in 34 patients (4.6%). The single most common error was the failure to
obtain an adequate series of C-spine roentgenograms.

Effendi B, Roy D, Cornish B, Dussault RG, Laurin CA (1981) Fractures of the ring of the
axis: A classification based on the analysis of 131 cases. J Bone Joint Surg Br 63B:319–27
The paper describes three types of fractures of the ring of the axis based on a series of 131
patients. Their classification was based on the mechanism of injury: Type I, axial loading
and hyperextension; Type II, hyperextension and rebound flexion; Type III, primary flex-
ion and rebound extension.

Kahn EA, Schneider RC (1956) Chronic neurological sequelae of acute trauma to the
spine and spinal cord. I. The significance of the acute-flexion or tear-drop fracture-dis-
location of the cervical spine. J Bone Joint Surg Am 38A:985–97
Classic article on the significance of tear-drop fracture and neurological fracture-related
spinal cord injury.
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31
Thoracolumbar Spinal Injuries

Michael Heinzelmann, Guido A. Wanner

Core Messages

✔ Spinal fractures are frequently located at the
thoracolumbar junction for biomechanical rea-
sons

✔ The AO classification has gained widespread
acceptance in Europe for the grading of thora-
columbar fractures: Type A: vertebral compres-
sion fractures; Type B: anterior and posterior
column injuries with distraction; Type C: ante-
rior and posterior element injury with rotation

✔ The initial focus of the physical examination of
a patient with a spinal injury is on the vital and
neurological functions, because effective resus-
citation is critical to the management of poly-
traumatized patients and patients with spinal
cord injury

✔ The imaging modalities of choice are standard
radiographs and CT scans. A CT scan should
routinely be made to visualize bony injury. MRI
is helpful to diagnose discoligamentous injuries
and to identify a possible cord lesion

✔ Primary goals of treatment are prevention and
limitation of neurological injury as well as res-
toration of spinal stability, regardless of
whether operative or non-operative therapy is
chosen

✔ Secondary goals consist of correction of defor-
mities, minimizing the loss of motion, and facili-
tating rapid rehabilitation

✔ Early stabilization and fusion is generally
accepted for patients with unstable fractures
and neurological deficits

✔ The optimal treatment for patients with less
instability, moderate deformity and absence of
neurological compromise is not based on
scientific evidence and remains a matter of
debate.

✔ Good clinical outcome can be achieved with
non-operative as well as operative treatment

Epidemiology

Fractures most frequently

affect the thoracolumbar

junction

Systematic epidemiologic data on traumatic thoracolumbar fractures are rare and
differ depending on the area studied and on the treating center. The studies avail-
able from western countries reveal typical and comparable data on incidence, local-
ization, and mechanisms of injury. Thoracolumbar fractures are more frequent in
men (2/3) than in women (1/3) and peak between the ages of 20 and 40 years [30, 47,
65, 81, 94]. Approximately, 160000 patients/year sustain an injury of the spinal col-
umn in the United States. The majority of these injuries comprise cervical and lum-
bar (L3–L5) spine fractures. However, between 15% and 20% of traumatic fractures
occur at the thoracolumbar junction (T11–L2), whereas 9–16% occur in the tho-
racic spine (T1–T10) [36, 46]. Hu and coworkers [56] studied the total population of
a Canadian province over a period of 3 years. The incidence of spine injuries was 64/
100000 inhabitants per year, predominantly younger men and older women. A total
of 2063 patients were registered and 944 patients were treated in hospital: 182
patients (20%) with a cervical spine injury, 286 patients (30%) with a thoracic spine
injury and 403 patients (50%) with an injury of the lumbosacral spine. Traumatic
cross-section spinal cord injury occurred in 40 out of 1 million inhabitants. About
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Case Introduction

This 23-year-old female sustained a motor vehicle accident as an unrestrained passenger. Clinically, she presented with
an incomplete paraplegia (ASIA C) and an incomplete conus-cauda syndrome. The initial CT (a–d) scan demonstrates an
unstable complete burst fracture of L1 (Type A3.3). The 3D reconstruction (a, b) gives a good overview of the degree of
comminution and the deformity; the posterior fragment is best visualized in the lateral 2D reconstruction (c) and the
axial view (d). In an emergency procedure, the myelon was decompressed by laminectomy and the fracture was reduced
and stabilized with an internal fixator (e–h). Interestingly, the prone position alone (e) reduced the fracture to a certain
degree when compared to the CT scan taken with the patient in a supine position. With the internal fixator (RecoFix), the
anatomical height and physiological alignment was restored (f ) and the posterior fragment was partially reduced (g, h).
This indirect reduction of bony fragments, called ligamentotaxis, is possible if the posterior ligaments and the attach-
ment to the anulus fibrosus are intact. We performed a complete clearance of the spinal canal by an anterior approach
5 days later (i–l). In this minimally invasive technique, the spine is approached by a small thoracotomy from the left, the
ruptured disc and bony fragments are removed, and an expandable cage is inserted. One of the first steps in this tech-
nique is the positioning of a K-wire in the upper disc space of the fractured vertebra (i). In this figure, the four retractors
of the Synframe and the endoscopic light source are seen. The final result after 9 months (j–l) demonstrates the cage
(Synex), the physiological alignment without signs of implant failure or kyphosis, a good clearance of the spinal canal
from anterior and the laminectomy from posterior (k), and a bony healing of the local bone transplant of the lateral side
of the cage (l). Fortunately, the patient completely recovered from her neurological deficit (ASIA E).

50–60% of thoracolumbar fractures affect the transition T11–L2, 25–40% the
thoracic spine and 10–14% the lower lumbar spine and sacrum [80, 86].

In a study by Magerl and Engelhardt [81] on 1446 thoracolumbar fractures,
most injuries concerned the first lumbar vertebra, i.e., 28% (n=402), followed by
T12 (17%, n=246) and L2 (14%, n=208). The epidemiologic multicenter study
on fractures of the thoracolumbar transition (T10–L2) by the German Trauma
Society studied 682 patients and revealed 50% (n=336) L1 fractures, 25%
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(n=170) T12 fractures, and 21% (n=141) L2 fractures [65]. Our own series at the
University Hospital in Zürich demonstrated a very similar distribution for oper-
ated spine fractures (1992–2004, n=1744): 20% cervical spine (n=350), 8% tho-
racic spine T1–T10 (n=142), 62% thoracolumbar spine T11–L2 (n=1075), and
10% lumbosacral spine L3-sacrum (n=176). The susceptibility of the thoraco-
lumbar transition is attributed mainly to the following anatomical reasons:

) The transition from a relatively rigid thoracic kyphosis to a more mobile
lumbar lordosis occurs at T11–12.
) The lowest thoracic ribs (T11 and T12) provide less stability at the thoraco-

lumbar junction region compared to the rostral thoracic region, because
they do not connect to the sternum and are free floating.
) The facet joints of the thoracic region are oriented in the coronal (frontal)

plane, limiting flexion and extension while providing substantial resistance
to anteroposterior translation [36]. In the lumbosacral region, the facet
joints are oriented in a more sagittal alignment, which increases the degree
of potential flexion and extension at the expense of limiting lateral bending
and rotation.

Spinal cord injury occurs in

about 10 – 30 % of traumatic

fractures

Spinal cord injury occurs in about 10–30% of traumatic spinal fractures [37, 56].
In thoracolumbar spine fractures (T1–L5), Magerl et al. [81] and Gertzbein [47]
reported 22% and 35.8% neurological deficiencies, respectively. The epidemio-
logic multicenter study on fractures of the thoracolumbar transition (T10–L2) by
the German Society of Traumatology [65] revealed neurological deficiencies in
22–51%, depending on the fracture type (22% in Type A fractures, 28% in Type
B fractures, and 51% in Type C fractures, according to the AO classification).
Complete paraplegia was found in 5% of the patients with fractures of the thora-
columbar transition.

Pathomechanisms

At the time of injury, several forces may act together to produce structural dam-
age to the spine. However, most frequently, one or two major forces, defining the
major injury vector, account for most of the bony and ligamentous damage. The
most relevant forces are:

) axial compression
) flexion/distraction
) hyperextension
) rotation
) shear

Axial Compression

Axial load may result

in a burst fracture

While axial loading of the body results in anterior flexion forces in the kyphotic tho-
racic spine, mainly compressive forces occur in the straight thoracolumbar region
[64]. Axial loading of a vertebra produces endplate failure followed by vertebral
body compression [98]. Depending on the energy, the axial load may result in
incomplete or complete burst fractures, i.e., vertical fractures with centripetal dis-
placement of the fragments [12, 33]. The posterior elements are usually intact; how-
ever, with severe compression, significant disruption of these elements may occur.
The combination of an axially directed central compressive force with an eccentric
compressive force anterior to the axis of rotation (center of nucleus pulposus) typi-
cally leads to wedge compression fractures. Herein, the vertebral body fails in
(wedge) compression, while the posterior ligamentous and osseous elements may
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remain intact or fail in tension, depending on the energy level of the injury. In the
latter case, the injury is classified as flexion-distraction injury. Violent trauma is the
most common cause of compression fractures in young and middle-aged adults.
The most frequent causes are motor vehicle accidents and falls from a height, fol-
lowed by sports and recreational activity injuries. In the elderly population, osteo-
porotic compression fractures following low-energy trauma are most common.

Flexion/Distraction

Flexion forces cause eccentric compression of the vertebral bodies and discs and
cause tension to the posterior elements. If the anterior wedging exceeds 40–50%,
rupture of the posterior ligaments and facet joint capsules must be assumed
[117]. In flexion/distraction injuries, the axis of flexion is moved anteriorly
(towards the anterior abdominal wall), and the entire vertebral column is sub-
jected to large tensile forces. These forces can produce:

) pure osseous lesion
) mixed osteoligamentous lesion
) pure soft tissue (ligamentous or disc) lesion

In flexion/distraction

injuries, the posterior

ligamentous and osseous

elements fail in tension

Distraction leads to a horizontal disrupture of the anterior and/or posterior ele-
ments. A distraction fracture that extends through the bone was first described
by Chance [22]. This lesion involves a horizontal fracture, which begins in the
spinous process, progresses through the lamina, transverse processes, and pedi-
cles, and extends into the vertebral body. Depending on the axis of flexion the
vertebral body and disc may rupture or may be compressed anteriorly as
described above. Although any accident providing significant forward flexion
combined with distraction can produce this type of injury, the typical cause is a
motor vehicle accident with the victim wearing a lap seat belt. These injuries are
associated with a high rate of hollow visceral organ lesions, typically of the small
bowel, colon or stomach, but also pancreatic injuries have been reported [3, 13].

Hyperextension

Hyperextension may result

in anterior discoligamentous

disruption and posterior

compression fractures

of facets, laminae,

or spinous processes

Extension forces occur when the upper part of the trunk is thrust posteriorly. This
produces an injury pattern that is the reverse of that seen with flexion. Tension is
applied anteriorly to the strong anterior longitudinal ligaments and anterior por-
tion of the anulus fibrosus, whereas compression forces are transmitted to the
posterior elements. This mechanism results in a rupture from anterior to poste-
rior and may result in facet, lamina, and spinous process fractures [43]. Denis and
Burks reported on a hyperextension injury pattern that they termed lumberjack
fracture-dislocation [32]. The mechanism of this injury is a falling mass, often
timber, striking the midportion of the patient’s back. The injury involves com-
plete disruption of the anterior ligaments and is an extremely unstable injury pat-
tern. These injuries are the result of a reversed trauma mechanism. The interver-
tebral disc ruptures from anterior to posterior. The lesion may proceed into the
posterior column and is then unstable against extension and shearing forces.

Rotational Injuries

Rotational injuries combine

compressive forces and flex-

ion/distraction mechanisms

and are highly unstable

Both compressive forces and flexion-distraction mechanisms may be combined
with rotational forces and lead to rotational fracture dislocations. As rotational
forces increase, ligaments and facet capsules fail and lead to subsequent disrup-
tion of both the anterior and posterior elements. A highly unstable injury pattern
will develop, i.e., the posterior ligaments and joint capsule will rupture and the
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anterior disc and vertebral body will disrupt obliquely or will be compressed.
Rotational forces may further be combined with shearing forces and lead to most
unstable fractures (slice fractures, Holdsworth) [54]. These patients have often
been thrown against an obstacle or hit by a heavy device. Thus, the patients often
have widespread dermabrasions and contusions on the back.

Shear

Shear forces produce severe

ligamentous disruption and

are often associated with

spinal cord injury

Shear forces produce severe ligamentous disruption and may result in anterior, pos-
terior or lateral vertebral displacement [98]. The most frequent type is traumatic
anterior spondylolisthesis that usually results in a complete spinal cord injury.

Classification

Vertebral spine injuries are very heterogeneous in nature. Most important for the
understanding and treatment of these injuries is the evaluation of spinal stability
or instability, respectively. However, the conclusive evaluation of this question is
difficult because the term “instability” is not yet clearly defined in the context of
spinal disorders.

Several classifications of spinal injuries have been introduced based primarily
on fracture morphology and different stability concepts. White and Panjabi [118]
defined clinical instability of the spine as shown in Table 1:

Table 1. Definition of spinal instability

) Loss of the ability of the spine under physiologic loads to maintain relationships
between vertebrae in such a way that there is neither damage nor subsequent irrita-
tion to the spinal cord or nerve root and, in addition, there is no development of
incapacitating deformity or pain from structural changes

Physiologic loads are defined as loads during normal activity, incapacitating
deformity as gross deformity unacceptable to the patient, and incapacitating
pain as discomfort uncontrolled by non-narcotic analgesics.

Presently, there is no generally used classification for thoracolumbar injuries.
However, the most important classification of spinal injuries aims to differenti-
ate between:

) stable fractures
) unstable fractures

This concept was first introduced by Nicoll in 1949 [89] and is still the most
widely accepted differentiation. However, this classification is insufficient to give
detailed treatment recommendations.

Holdsworth [54] was the first to stress the mechanism of injury to classify spi-
nal injuries and described five different injury types. Kelly and Whitesides [61,
119] reorganized the mechanistic classification and defined the two column con-
cept, which became the basis of the AO classification (see below). Louis further
modified this structural classification scheme and suggested the posterior facet
joint complex of each side to become a separate column [79]. The ventral column
consists of the vertebral body; the two dorsal columns involve the facet articula-
tions of both sides. Roy-Camille was concerned about the relationship of the
injury to vertebra, especially the neural ring, and the spinal cord. He described
the “segment moyen,” referring to the neural ring, and related injury of the seg-
ment moyen to instability [99]. This aspect led to the term of the so-called “mid-
dle column,” which is not a distinct anatomic column.
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Denis Classification

The middle column became a central part of the classification of spinal injuries
according to Denis [30], which is in widespread use in the United States. Accord-
ingly, the vertebral column is divided into three columns [30]:

) anterior column
) middle column
) posterior column

The anterior column consists of the ventral longitudinal ligament (VLL), the
anterior anulus fibrosus, and the anterior half of the vertebral bodies. The middle
column consists of the posterior longitudinal ligament (PLL), the dorsal anulus
fibrosus, and the dorsal half of the vertebral bodies. Finally, the posterior column
consists of the bony neural arch, posterior spinous ligaments and ligamentum
flavum, as well as the facet joints.

Denis considered the middle column to be the key structure. A relevant injury
to the middle column was therefore the essential criterion for instability. Accord-
ing to the Denis classification, rupture of the posterior ligamentous complex only
creates instability if there is concomitant disruption of at least the PLL and dorsal
anulus. However, the middle column is not clearly defined either anatomically or
biomechanically, i.e., the middle column bony part resists compression forces,

The Denis classification

does not allow for a detailed

fracture classification

and the ligamentous part resists distraction forces. Although the three column
concept by Denis raised several concerns, his classification is still frequently
used, because it is simple and includes all the injury patterns most commonly
seen. Denis distinguished minor and major injuries: minor injuries included
fractures of the articular, transverse, and spinous processes as well as the pars
interarticularis. Major spinal injuries were divided into compression fractures,
burst fractures, flexion-distraction (seat-belt) injuries, and fracture dislocations.

AO Classification

The AO/ASIF (Arbeitsgemeinschaft für Osteosynthesefragen/Association for the
Study of Internal Fixation) classification introduced by Magerl et al. in 1994 [80]
is increasingly being accepted as the gold standard for documentation and treat-
ment of injuries of the vertebral spine.

The AO classification is based on the “two column theory” described by
Holdsworth [54, 55] and Kelly and Whitesides [61, 119]. The AO classification
considers the spine to comprise two functionally separate supportive columns.
The anterior column consists of the vertebral body and the intervertebral discs
and is loaded in compression. The posterior column consists of the pedicles, the
laminae, the facet joints, and the posterior ligamentous complex, and is loaded in
tension. According to the common AO classification system, injuries are catego-
rized with increasing severity into types (Fig. 1):

) Type A: compression injuries
) Type B: distraction injuries
) Type C: rotational injuries

Type A injuries are the result of compression by axial loading (e.g., compression
and burst fractures). Type B injuries are flexion-distraction or hyperextension
injuries and involve the anterior and posterior column. Disruption may occur in
the posterior or anterior structures. Type C fractures are the result of a compres-
sion or flexion/distraction force in combination with a rotational force in the
horizontal plane (e.g., fracture dislocations with a rotatory component). Each
type is classified into three major groups (1–3) of increasing severity (Fig. 2) and
can further be divided into subgroups and specifications (Table 2).
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Figure 1. Algorithm
for AO fracture type
classification

According to Magerl et al.
[80].

Figure 2. AO fracture classification – fracture types and groups

According to Magerl et al. [80].
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Table 2. AO fracture classification

Type A: vertebral body
compression

Type B: anterior and posterior
element injury with distraction

Type C: anterior and posterior element injury
with rotation

A1. Impaction fractures
A1.1. Endplate impaction
A1.2. Wedge impaction fractures
A1.2.1. Superior wedge impaction

fracture
A1.2.2. Lateral wedge impaction

fracture
A1.2.3. Inferior wedge impaction

fracture

B1. Posterior disruption pre-
dominantly ligamentous
(flexion-distraction injury)

B1.1. With transverse disruption
of the disc

B1.1.1. Flexion-subluxation
B1.1.2. Anterior dislocation
B1.1.3. Flexion-subluxation/anterior

dislocation with fracture of
the articular processes

B1.2. With Type A fracture of the
vertebral body

B1.2.1. Flexion-subluxation +
Type A fracture

B1.2.2. Anterior dislocation +
Type A fracture

B1.2.3. Flexion-subluxation/anterior
dislocation with fracture of
the articular processes +
Type A fracture

C1. Type A injuries with rotation (compres-
sion injuries with rotation)

C1.1. Rotational wedge fracture
C1.2. Rotational split fractures
C1.2.1. Rotational sagittal split fracture
C1.2.2. Rotational coronal split fracture
C1.2.3. Rotational pincer fracture
C1.2.4. Vertebral body separation
C1.3. Rotational burst fractures
C1.3.1. Incomplete rotational burst fractures
C1.3.2. Rotational burst-split fracture
C1.3.3. Complete rotational burst fracture

A2. Split fractures
A2.1. Sagittal split fracture
A2.2. Coronal split fracture
A2.3. Pincer fracture

B2. Posterior disruption pre-
dominantly osseous (flexion-
distraction injury)

B2.1. Transverse bicolumn frac-
ture

B2.2. With transverse disruption
of the disc

B2.2.1. Disruption through the
pedicle and disc

B2.2.2. Disruption through the pars
interarticularis and disc
(flexion-spondylolysis)

B2.3. With Type A fracture of the
vertebral body

B2.3.1. Fracture through the pedicle
+ Type A fracture

B2.3.2. Fracture through the pars
interarticularis (flexion-spon-
dylolysis) + Type A fracture

C2. Type B injuries with rotation
C2.1. B1 injuries with rotation (flexion-

distraction injuries with rotation)
C2.1.1. Rotational flexion subluxation
C2.1.2. Rotational flexion subluxation with

unilateral articular process fracture
C2.1.3. Unilateral dislocation
C2.1.4. Rotational anterior dislocation without/

with fracture of articular processes
C2.1.5. Rotational flexion subluxation without/

with unilateral articular process + Type A
fracture

C2.1.6. Unilateral dislocation + Type A fracture
C2.1.7. Rotational anterior dislocation without/

with fracture of articular processes +
Type A fracture

C2.2. B2 injuries with rotation (flexion
distraction injuries with rotation)

C2.2.1. Rotational transverse bicolumn fracture
C2.2.2. Unilateral flexion spondylolysis with

disruption of the disc
C2.2.3. Unilateral flexion spondylolysis +

Type A fracture
C2.3. B3 injuries with rotation (hyperexten-

sion-shear injuries with rotation)
C2.3.1. Rotational hyperextension-subluxation

without/with fracture of posterior ver-
tebral elements

C2.3.2. Unilateral hyperextension-spondylolysis
C2.3.3. Posterior dislocation with rotation

A3. Burst fractures
A3.1. Incomplete burst fracture
A3.1.1. Superior incomplete burst

fracture
A3.1.2. Lateral incomplete burst

fracture
A3.1.3. Inferior incomplete burst

fracture
A3.2. Burst-split fracture
A3.2.1. Superior burst-split fracture
A3.2.2. Lateral burst-split fracture
A3.2.3. Inferior burst-split fracture
A3.3. Complete burst fracture
A3.3.1. Pincer burst fracture
A3.3.2. Complete flexion burst fracture
A3.3.3. Complete axial burst fracture

B3. Anterior disruption through
the disc (hyperextension-
shear injury)

B3.1. Hyperextension-subluxa-
tions

B3.1.1. Without injury of the poste-
rior column

B3.1.2. With injury of the posterior
column

B3.2. Hyperextension-spondylo-
lysis

B3.3. Posterior dislocation

C3. Rotational-shear injuries
C3.1. Slice fracture
C3.2. Oblique fracture

Types, groups, subgroups and specifications allow for a morphology based classification of thoracolumbar fractures according
to Magerl et al. [80]
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Table 3. Frequency of fracture types and groups

Case Percentage of total Percentage of type

Type A 956 66.16
A1 502 34.74 52.51
A2 50 3.46 5.23
A3 404 27.96 42.26

Type B 209 14.46
B1 126 8.72 60.29
B2 80 5.54 38.28
B3 3 0.21 1.44

Type C 280 19.38
C1 156 10.80 55.71
C2 108 7.47 38.57
C3 16 1.11 5.71

Based on an analysis of 1 445 cases (Magerl et al. [80])

a b c

Figure 3. Burst fracture subgroups

According to Magerl et al. [80].

Impaction and burst

fracture are the most

frequent fracture types

Second to simple impaction fractures (A1), the most frequent injury types are
burst fractures, which can be divided into three major subgroups (Table 3,
Fig. 3). The likelihood of neurological deficit increases in the higher subgroups
(Table 4).

The important morphological criteria of instability according to the AO clas-
sification are injuries to the ligaments and discs. A graded classification is useful
because there is a range from “definitely stable” to “definitely unstable” frac-
tures.

Fractures are considered stable if no injury to ligaments or discs is evident,
e.g., pure impaction fractures (Type A1). Structural changes of the spine under
physiologic loads are unlikely. Slightly unstable fractures reveal partial damage
of ligaments and intervertebral discs, but heal under functional treatment with-
out gross deformity and without additional neurological deficit. This is the case
in a frequent type (A3), the so-called incomplete superior burst fracture (A3.1.1).
Highly unstable implicates a severe damage of the ligaments and intervertebral
discs, as it occurs in the fracture Types A3, B, and C.
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Table 4. Frequency of neurological deficits

Types and groups Number of injuries Neurological deficit (%)

Type A 890 14
A1 501 2
A2 45 4
A3 344 32

Type B 145 32
B1 61 30
B2 82 33
B3 2 50

Type C 177 55
C1 99 53
C2 62 60
C3 16 50

Total 1212 22

Based on an analysis of 1 212 cases (Magerl et al. [80])

Clinical Presentation

The clinical assessment of patients with a putative trauma to the spine has three
major objectives, i.e., to identify:

) the spinal injury
) neurological deficits
) concomitant non-spinal injuries

Spinal Injuries

About 30 % of

polytraumatized patients

have a spinal injury

It is obvious that the management and the priorities differ between a life-threat-
ening polytrauma that includes a spinal injury and a monotrauma of the spine. In
the case of a polytrauma, about one-fourth to one-third of patients have a spinal
injury [120]. In our institution, we found spinal injuries in 22% of polytrauma-
tized patients. In a series of 147 consecutive patients with multiple trauma, Dai et
al. [24] found a delayed diagnosis of thoracolumbar fractures in 19%, confirming
an earlier study by Anderson et al. [5], in which 23% of patients with major tho-
racolumbar fractures were diagnosed after the patient had left the emergency
department. A delay in the diagnosis of thoracolumbar fractures is frequently
associated with an unstable patient condition that necessitates higher-priority
procedures than thoracolumbar spine radiographs in the emergency depart-
ment. However, with the routine use of multi-slice computed tomography (CT) in

Polytraumatized patients

should be screened

for spinal fracture by CT

polytraumatized patients, the diagnostic work-up is usually adequate [57, 106]
and delayed diagnosis of spine fractures should become rare. Multiple burst frac-
tures occur in approximately 10–34% [10, 11, 53].

Neurological Deficit

Sacral sparing indicates

an incomplete lesion

with a better prognosis

An accurate and well-documented neurological examination is of great impor-
tance. With an inaccurate or incomplete examination and a subsequent variation of
the patient’s neurological deficit, it will be unclear if the situation has changed or if
the initial assessment was simply inappropriate. In the case of a progressive neuro-
logical deficit, this may hinder urgent further management, i.e., the need for a sur-
gical intervention with spinal decompression. Neurological assessment is usually
done according to the guidelines of the American Spinal Injury Association (see
Chapter 11 ). Importantly, the examination has to include the “search for a sacral
sparing” which will determine the completeness of the deficit and the prognosis.
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Concomitant Non-spinal Injuries

About one-third of all spine injuries have concomitant injuries [65, 100, 120]. In
a review of 508 consecutive hospital admissions of patients with spinal injuries,
Saboe et al. [100] identified the presence of associated injuries in 240 (47%) indi-
viduals. Most frequently found concomitant injuries were:

) head injuries (26%)
) chest injuries (24%)
) long bone injuries (23%)

About one-third of all spinal

injuries have concomitant

injuries

One associated injury was found in 22%, two injuries in 15%, and 10% of the
patients had three or more associated injuries. Most spine fractures involved the
lower cervical spine (29%) or the thoracolumbar junction (21%). Eighty-two
percent of thoracic fractures and 72% of lumbar fractures had associated injuries
compared to 28% of lower cervical spine fractures [100]. There is an association

Flexion injuries are

frequently associated

with abdominal injuries

between flexion injuries of the lumbar spine (Chance type) and abdominal inju-
ries in seat belt injuries. Anderson et al. [2] reviewed 20 cases of Chance-type
thoracolumbar flexion-distraction fractures and found that 13 patients (65%)
had associated life-threatening intra-abdominal trauma. Twelve of these patients
had bowel wall injury. Conversely, specific injury mechanisms and fracture pat-
terns should lead to a targeted search for concomitant spinal injuries. It is well
established that calcaneus or tibia plateau fractures following a fall from a great
height are associated with spinal burst fractures. Also, sternal injuries may be
associated with spinal fractures. Injury to the sternum, when due to indirect vio-
lence, is almost always associated with a severe spinal column injury [48].

History

The history of a patient who sustained a thoracolumbar spinal injury is usually
obvious. The cardinal symptoms are:

) pain
) loss of function (inability to move)
) sensorimotor deficit
) bowel and bladder dysfunction

History should include

the trauma type

and injury mechanism

The history should include a detailed assessment of the injury, i.e.:

) type of trauma (high vs. low energy)
) mechanism of injury (compression, flexion/distraction, hyperextension,

rotation, shear injury)

Fractures of the thoracolumbar spine usually result from high-energy trauma
such as traffic accidents and falls from a great height. Recreational activities fre-
quently associated with spinal injuries are skiing, snowboarding, paragliding or
horseriding. A spinal fracture should be suspected in any patient who has had a
high-energy trauma. Consequently, patients should be treated as if they have a
spinal injury unless proven otherwise [97]. On the contrary, vertebral compres-
sion fractures can also occur in less severe accidents or more or less spontane-
ously in elderly patients with osteoporotic bones (see Chapter 32 ) [63].

In patients with neurological deficits, the history must be detailed regarding:

) time of onset
) course (unchanged, progressive, or improving)

The time course of the

neurological deficit matters

As outlined in Chapter 30 , polytraumatized and unconscious (head-injured)
patients are difficult to assess. Polytraumatized patients carry a high risk (up to
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30%) of having suffered a spinal fracture and must be scrutinized for such an
injury. Assessing the history is not possible in unconscious patients and the diag-
nosis must therefore be based on thorough imaging studies.

Physical Findings

Similarly to the assessment of the patient with a cervical spine injury (see Chap-
ter 30 ), the initial focus of the physical examination is on the assessment of:

) vital functions
) neurological deficits

Assess vital functions

and neurological deficits

The goal is to immediately secure vital functions, which can be compromised in
polytraumatized patients and patients with a spinal cord injury. Often hypoten-
sion and hypovolemia is encountered both in polytraumatized and spinal cord
injured patients. Importantly, secondary deterioration of spinal cord function
that results from hypotension and inadequate tissue oxygenization has to be
avoided by timely and appropriate treatment.

Neurological deficits due

to thoracolumbar fractures

vary considerably

A thorough neurological examination is indispensable (see Chapter 11 ). The
spinal cord usually terminates at the level of L1 in adults, although it may extend
to L2 in some patients. Therefore, fractures at the thoracolumbar junction may
result in a variety of neurological injury types and symptoms, i.e., damage to:

) distal spinal cord with complete/incomplete paraplegia
) conus medullaris with malfunction of the vegetative system
) cauda equina
) thoracolumbar nerve roots

Consider a spinal shock in

patients with neurological

deficits

In the case of a neurological deficit, the differentiation between a complete and
incomplete paraplegia is of great importance for the prognosis, because approxi-
mately 60% of patients with an incomplete lesion have the potential to make a
functionally relevant improvement. In thoracolumbar fractures, the clinical pic-
ture of a complete neurogenic shock will not develop, because only the caudal
parts of the sympathetic system are possibly damaged. However, a spinal shock
may be present (see Chapter 30 ). It is mandatory to exclude a spinal shock
because spinal shock can disguise remaining neural function and has an impact
on the treatment decision and timing.

Thoracolumbar factures may damage the parasympathic centers located in
the conus medullaris. This injury will lead to bladder dysfunction, bowel dys-
function as well as sexual dysfunction. In the case of damage to the cauda equina
or in a combination with damage to the conus medullaris, a more diffuse distri-
bution of lower extremity paresthesia, weakness and loss of reflexes is found.
Radiculopathy can be identified by a segmental pattern of sensory alterations
that do not have to be combined with motor dysfunction. As outlined in the pre-
vious chapter, the neurological function must be precisely documented. The
ASIA protocol [84] has become an assessment standard for this objective (see
Chapter 11 ).

The inspection and palpation of the spine should include the search for:

) skin bruises, lacerations, ecchymoses
) open wounds
) swellings
) hematoma
) spinal (mal)alignment
) gaps
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Diagnostic Work-up

Imaging Studies

The radiographic examination is an extension of the physical examination that
confirms clinical suspicions and documents the presence and the extent of many
injuries. Similarly to the “clearance of the cervical spine” [97], the clinical assess-
ment is of great importance to evaluate the necessity of imaging studies. In the
alert patient who has no distracting injuries, and is not affected by sedative
drugs, alcohol, or neurological deficit, the requirement for imaging is guided by
clinical symptoms. The absence of back pain and tenderness has been shown to
exclude a thoracolumbar injury [101].

Modern imaging studies such as computed tomography (CT) and magnetic
resonance imaging (MRI) have substantially improved the diagnosis of osseous
and discoligamentous injuries after spinal trauma. Thus, changes such as
improvement in scan availability, image quality, acquisition time, and image
reformatting have changed commonly used algorithms [6]. However, plain films
are still helpful, because they allow a quick overview of the bony deformity. Also,
standard radiographs are important for analyzing long-term results and defor-
mities at follow-up.

Static imaging studies

may disguise the real extent

of displacement at the time

of impact

It is important to remember that any static imaging study is a “snapshot in
time” that is taken after the major impact has hit the spine. Thus, even CT scans
or MRI do not reveal the actual degree of spinal displacement that may have hap-
pened during the injury. Also, routine plain X-rays, CT and MRI studies are taken
with the patient in a prone position, i.e., in a position that lacks physiological
load, and may therefore lead to a misjudgement of the severity and instability of
the spine injury.

Standard Radiographs

Supine radiographs

underestimate the kyphotic

deformity

In most institutions, anterior-posterior and lateral radiographs of the entire
spine are standard imaging studies after a spinal trauma. If there is a clinical sus-
picion of a spinal injury, plain radiographs (anterior-posterior and lateral view)
should be obtained. Radiographs taken with the patient in the prone position
underestimate the extent of kyphotic deformity. Films taken with the patient in
the standing position can demonstrate a possible loss of integrity of the posterior
tension band under axial loading and should be done in equivocal cases.

Emergency radiographs

often do not suffice because

of their poor quality

Krueger and coworkers [74] studied 28 patients with fractures of the lumbar
transverse process and found that three patients (11%) had a lumbar spine frac-
ture that was identified by CT but was overlooked on plain radiographs. They con-
cluded that patients with acute trauma and fractures of the transverse process
should be examined with CT, because CT scanning decreases the risk of missing
potentially serious injuries. In a prospective series, Hauser et al. [52] compared
plain films and initial CT of the chest, abdomen, and pelvis with thin cut CT scans.
The authors found that all unstable fractures were diagnosed with plain radio-

CT has replaced radiographs

for the assessment

of seriously injured patients

graphs. However, the initial CT detected acute fractures that were missed with the
conventional X-rays and correctly classified old fractures that plain films read as
“possibly” acute. The total misclassification rate for plain films was 12.6% com-
pared to 1.4% for the initial CT. In an emergency situation radiographs are often
of poor quality and CT is prompted if a fracture cannot be ruled out with certainty.

Measurements should be made at the level of injury and be compared with the
vertebrae at the more cranial and caudal levels. Any posterior cortical disruption
seen in the lateral view or any interpedicular widening seen in the anteroposte-
rior view suggests a burst fracture that should be further analyzed by CT scan.
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When analyzing plain films, the following signs and points have to be considered
and searched for [13] in the anteroposterior view:

) loss of lateral vertebral body height (i.e., scoliotic deformity) (Fig. 4a)
) changes in horizontal and vertical interpedicular distance (Fig. 4a)
) asymmetry of the posterior structures (Fig. 4b)
) luxation of costotransverse articulations (Fig. 4b)
) perpendicular or oblique fractures of the dorsal elements
) irregular distance between the spinous processes (equivocal sign)

In the lateral view, the following features should be investigated:

) sagittal profile (Fig. 4c)
) degree of vertebral body compression (Fig. 4c)
) interruption or bulging of the posterior line of the vertebral body (Fig. 4d)
) dislocation of a dorsoapical fragment (Fig. 4d)
) height of the intervertebral space

Computed Tomography

There is an increasing trend in trauma management, especially polytrauma man-
agement, to exclude visceral injuries with a multislice spiral CT scan of the chest,
abdomen and pelvis [77]. In a systematic review of the literature in polytrauma
patients, Woltmann and Bühren [120] advocate that imaging diagnostics, prefer-
ably as multislice spiral CT, should be performed after stabilization of the
patient’s general condition and before admission to the intensive care unit.
Because CT has a better sensitivity and specificity compared to standard radio-
graphs, Hauser et al. [52] point out that an initial CT scan should replace plain

a b

c

d

Figure 4. Radiographic fracture assessment

The standard anteroposterior radiographs demonstrate: a widening of the
interpedicular distance as evidence for a burst fracture and unilateral loss of ver-
tebral body height (scoliosis); b asymmetry of the spinal alignment (arrows)
with luxation of the costotransverse articulations (arrowheads). Standard lateral
radiographs demonstrate: c the altered sagittal profile with segmental kypho-
sis; d disruption of the posterior vertebral body wall and dislocation of a dorsoa-
pical fragment
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Figure 5. CT fracture assessment

The axial CT scan reveals: a significant spinal canal compromise by
a retropulsed bony fragment. Note the double contour of the ver-
tebral body indicating a “burst” component. b Sagittal 2D image
reformation demonstrating fracture subluxation. Note the bony
fragment behind the vertebral body which may cause neural
compression when the fracture is reduced. c Severe luxation frac-
ture of the spine. d The 3D CT reformation nicely demonstrates
the rotation component indicating a Type C lesion

radiographs in high-risk trauma patients who require screening. In their pro-
spective series of 222 patients with 63 thoracic and lumbar injuries, the results of
conventional X-ray compared to initial CT scan were as follows: sensitivity 58%
vs. 97%, specificity 93% vs. 99%, positive predictive value 64% vs. 97%, negative
predictive value 92% vs. 99%, respectively.

CT is the imaging study

of choice to demonstrate

bony injuries

The axial view allows an accurate assessment of the comminution of the frac-
ture and dislocation of fragments into the spinal canal (Fig. 5a). Sagittal and
coronal 2D or 3D reconstructions are helpful for determining the fracture pat-
tern (Fig. 5b–d). The canal at the injured segment should be measured in the
anteroposterior and transverse planes and compared with the cephalad and cau-
dal segments.

Magnetic Resonance Imaging

MRI is helpful in ruling out

discoligamentous lesions

In the presence of neurological deficits, MRI is recommended to identify a possi-
ble cord lesion or a cord compression that may be due to disc or fracture frag-
ments or to an epidural hematoma (Fig. 6a). In the absence of neurological defi-
cits, MRI of the thoracolumbar area is usually not necessary in the acute phase.
However, MRI can be helpful in determining the integrity of the posterior liga-
mentous structures and thereby differentiate between a Type A and an unstable
Type B lesion. For this purpose a fluid sensitive sequence (e.g., STIR) is fre-
quently used to determine edema (Fig. 6b).
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Figure 6. MRI fracture assessment

a The T2 weighted MR scan reveals a fracture subluxation with disc material retropulsed behind the vertebral body. Note
the severe signal intensity alterations of the spinal cord as the morphological correlate for a complete spinal cord injury
(arrowheads). b The parasagittal STIR image demonstrates a pincer fracture (black arrowheads). Note the joint effusion
(white arrowheads) and the bright signal intensity alterations in the posterior elements indicating that this pincer frac-
ture is combined with a posterior injury (Type B lesion)

Radionuclide Studies

Radionuclide studies are very infrequently used to diagnose acute vertebral frac-
tures. However, skeletal scintigraphy may be useful for fracture screening in poly-
traumatized patients, especially in a medicolegal context. Spitz et al. [109] found
that after 10–12 days, with the aim of skeletal scintigraphy, an additional fracture
was found in half of all patients, and was subsequently verified radiologically.
Because skeletal scintigraphy can be employed with equal efficacy to reliably
exclude bone injuries, the authors advocate that skeletal scintigraphy is of partic-
ular significance in the determination of the extent of bone injury in polytrauma-
tized patients. However, bone scans have been surpassed by MRI using fluid-sen-
sitive sequences which demonstrate the subtle lesions (e.g., bone bruise).

Non-operative Treatment

Progress in pre-hospital care has considerably improved outcomes for patients
with spinal injuries. This is in part due to the knowledge and awareness of the res-
cue team, the adherence to the Advanced Trauma Life Support (ATLS) protocols,
and the transportation on a backboard or a vacuum board (see Chapter 30 ).

The general objectives of the treatment of thoracolumbar injuries are the same
as for cervical injuries (Table 5):

Table 5. General objectives of treatment

) restoration of spinal alignment ) preservation or improvement of neurological function
) restoration of spinal stability ) avoidance of collateral damage

The treatment should provide a biologically and biomechanically sound envi-
ronment that allows accurate bone and soft-tissue healing and eventually creates
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The main advantage

of non-operative treatment

is the avoidance of surgery-

related complications

a stable and pain-free spinal column. These goals should be accomplished with a
minimal risk of morbidity. Hence, the main advantage of non-operative treatment
of thoracolumbar fracture is avoidance of surgery-related complications such as:

) infection
) iatrogenic neurological injury
) failure of instrumentation
) anesthesia-related complications

The relationship between post-traumatic kyphotic deformity and chronic back
pain is not well established in the literature. Most clinicians believe that kyphotic
deformity of the thoracolumbar area is synonymous with a poor clinical out-
come. Although few studies provide some evidence that moderate kyphosis is
associated with either pain or disability [47], several studies suggest that there is
no direct relationship between kyphosis and back pain or functional impairment
[20, 73, 87, 89, 116].

Steroid Treatment of Spinal Cord Injury

High-dose steroid treatment

is highly controversial

The controversy over steroid treatment of thoracolumbar spinal cord injury is
discussed in the previous chapter (see Chapter 30 ). The overall consensus is
that high-dose steroid treatment is regarded as an option for spinal monotrauma
in young patients but not as a guideline for standard of care.

Non-operative Treatment Modalities

As more and more data are collected, information emerges that supports both
surgical and non-operative treatment. Non-operative treatment is still a viable
and effective treatment for the vast majority of thoracolumbar fractures (Table 6)
and should be part of the armamentarium available to all clinicians that treat
these patients [92].

Table 6. Favorable indications for non-operative treatment

) pure osseous lesions ) absence of malalignment
) absence of neurological deficits ) absence of gross bony destruction
) only mild to moderate pain on mobilization ) absence of osteopenia/osteoporosis

There are three different methods of non-operative treatment:

) repositioning and cast stabilization
) functional treatment and bracing without repositioning
) functional treatment without bracing

However, functional treatment without bracing is not applicable to all fracture
types, while basically all fractures can be treated with repositioning and formal
casting (Böhler technique).

Repositioning and Cast Stabilization

Böhler [18] was one of the first to advocate a conservative treatment with reposi-
tioning and retention in a cast. The correct technique of repositioning and
immobilization in a plaster of Paris cast is quite sophisticated and needs to be
performed perfectly to obtain good results [13, 58]. The fracture is reduced using
a fracture table with the abdomen hanging freely. The hyperextension results in
a fracture reduction by ligamentotaxis (Case Study 1). As a general rule, Böhler
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Case Study 1

In 1988, a 33-year-old male sustained a motor vehicle accident and was admitted to hospital. On examination, the
patient had severe pain at the thoracolumbar junction and in his right foot (talus neck fracture). The neurological exami-
nation was normal with some slight sensory deficit of L2 predominantly on the right side. Standard radiographs (a, b)
revealed a burst fracture at the level of L2 with scoliotic deformity. The axial CT scan showed a burst fracture with severe
retropulsion of a dorsoapical fragment and almost complete spinal canal stenosis (c). Despite this severe canal compro-
mise, the patient was treated non-operatively for unknown reasons. The conservative treatment consisted of bed rest for
3 – 4 weeks in conjunction with reduction on a fracture table and cast fixation. The patient was mobilized thereafter with
a thoracolumbar cast. At 4 months the patient was treated with a functional brace for an additional 2 months. The
patient was reevaluated 10 years later in a medicolegal context related to his injury. Standard radiographs (d, e) demon-
strated significant disc height decrease (L1/2) but without segmental kyphosis. The scoliotic deformity remained
unchanged. An MRI scan revealed a complete resorption of the dorsoapical fragment with spontaneous canal clearance,
and only mild to moderate disc degeneration at the level of L1/2 and L2/3 (f ). At the time of follow-up examination, the
patient was fully functional and only had very occasional back pain. This case nicely demonstrates that even severe burst
fractures can be treated conservatively with excellent results although today we would suggest surgical treatment in this
case to shorten the hospital stay and rehabilitation period. (Courtesy University Hospital Balgrist).
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used the kyphosis angle in degrees to calculate the numbers of weeks of immobi-
lization (minimum 12 weeks, maximum 5 months). Patients were allowed to
ambulate almost immediately and were discharged home after a couple of days.
Regular clinical and radiological exams were performed, initially every 2 weeks,
then every 4 weeks, and the cast had to be changed if it became loose. Impor-
tantly, an intense and skillful physical therapy was, and still is, paramount to
achieving good or satisfactory results.

Böhler’s fracture treatment

today is still a viable treat-

ment option

The disadvantage of the Böhler technique is that it is very uncomfortable and
painful for the patient and often requires sedation and strong analgesics. The
Böhler technique is also prone to plaster cast related pressure sores. In patients
with an indication for conservative treatment, we prefer to apply the cast in the
standing position in hyperextension. This is possible in the vast majority of
patients after a few days post-trauma and after orthostatic training on a vertically
tilted board (Fig. 7).

a

b c d

Figure 7. Non-operative treatment

a The patient with an orthostatic problem after a fracture is first
placed on a motorized table which can be tilted vertically.
b When the patient is able to stand upright for 15 – 20 min, he is
positioned between two vertical bars and moderately extends
his spine while the cast is applied. c, d The thoracolumbar cast
buttresses onto the iliac crest and reaches up to the sternum
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Functional Bracing

Reduced kyphotic fractures

are prone to return

to the initial deformity,

placing a questionmark

over reduction

Magnus [82] advocated early functional treatment without repositioning. Accord-
ing to this concept, a thoracolumbar fracture is bound to return to the initial
deformity and repositioning is therefore not necessary. The functional treatment
concept was initiated with a phase of prone position on a stable bed and, if neces-
sary, with lordotic support. The time of immobilization in bed depended on the
fracture type. The next phases of treatment consisted of physical therapy to
enhance muscle strength, mobilization in a waterbath, mobilization with a three
point orthesis to prevent flexion and to assure an upright position of the patient,
and a discharge home after approximately 3 weeks. Outpatient treatment was con-
tinued for another 3–4 months and physical therapy to enhance spine mobility
was initiated after radiologic consolidation of the fracture, i.e., after 3–4 months.

Functional Treatment

Functional treatment is indi-

cated only in unequivocal

stable fractures

In contrast to Böhler’s repositioning and stabilization [18] or Magnus’ functional
bracing [82], functional treatment does not include any bracing device. Espe-
cially patients with stable fractures will benefit from this treatment (Table 7).
Some braces are rather cumbersome and will hinder the patient in many activi-
ties of daily life. In fact, braces can be considered an “aide-mémoire” and remind
the patient not to perform painful movements. With the functional treatment,
patients are advised to mobilize freely according to their capabilities and accord-
ing to the resulting pain. Importantly, qualified physical therapy and adequate
pain medication are necessary to obtain optimal results.

Table 7. Outcome of conservative and operative treatment

Authors Cases Study
design

Fracture
type
(numbers)

Type of
treatment

Neuro-
logical
deficit

Follow-up
(months)

Outcome Conclusions

Wein-
stein
et al.
(1988)
[116]

42 retro-
spec-
tive

burst
fractures
(T10–L5)

non-operative:
treatment
ranged from
immediate
ambulation in
a body cast or
brace to
3 months bed
rest

22 % 240 neurological deteriora-
tion: none
able to return to work:
88 %
kyphotic angle 26.4° in

flexion and 16.8° in
extension

average back pain score
3.5 (0 – 10)

non-operative treat-
ment of thoracolumbar
burst fractures without
neurological deficit can
lead to acceptable
long-term results

Mum-
fordt
et al.
(1993)
[87]

41 retro-
spec-
tive

single level
thoracolum-
bar burst
fractures
T11–L5:
type I: 5 %
type II: 78 %
type III: 5 %
type V: 12 %
(Denis classi-
fication)

non-operative:
bedrest mean:

31.3 (range,
7 – 68 days)

bracing mean
11.9 (range,
2 – 24 weeks)

none 24 functional results:
excellent 49 %
good 17 %
fair 22 %
poor 12 %
one patient developed
neurological deteriora-
tion that required sur-
gery

for patients with burst
fractures without
neurological deficit:

non-operative manage-
ment yields accept-
able results

bony deformity progres-
ses marginally relative
to the rate of canal
area remodeling

radiographic severity of
injury or residual
deformity does not
correlate with long-
term symptoms

Chow
et al.
(1996)
[23]

24 retro-
spec-
tive

unstable
burst
fractures
(T11–L2)

non-operative:
casting or brac-
ing and early
ambulation

None 34 no correlation between
post-traumatic kypho-
sis and outcome

little/no pain 79 %
return to work 75 %
no restrictions at work
75 %

hyperextension casting
or bracing is a safe and
effective method for
treatment of thoraco-
lumbar burst fractures
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Table 7. (Cont.)

Authors Cases Study
design

Fracture
type
(numbers)

Type of
treatment

Neuro-
logical
deficit

Follow-up
(months)

Outcome Conclusions

Kaneda
et al.
(1997)
[60]

150 retro-
spec-
tive

Frankel
grades
A (24 %)
B (58 %)
C (6 %)
D (7 %)
E (4 %)

operative:
single stage
anterior spinal
decompres-
sion, strut graf-
ting, and ante-
rior instrumen-
tation

100 % 96
(60 – 156)

neurological function
improved at least one
grade in 95 % of
patients. 72 % of
patients with bladder
dysfunction recovered
completely. 96 %
returned to work, 86 %
to their previous job
without restrictions

anterior decompression
and stabilization in
patients with burst frac-
tures and neurological
deficit yielded good
functional results

Knop
et al.
(2001)
[67]

372 pro-
spec-
tive,
multi-
center

thoracolum-
bar fractures
(T12–L2)
type:
A (69 %)
B (17 %)
C (14 %)

operative:
Posterior (59 %)
combined

anterior-pos-
terior (35 %)

anterior (6 %)
stabilization

20 % 27
(4 – 61)

for detailed description
see text

all treatment methods
resulted in compara-
ble clinical and func-
tional outcome

one-third of all patients
had severe and persist-
ing functional disabili-
ties

Khoo
et al.
(2002)
[62]

371 retro-
spec-
tive

N/A 35 % stand-
alone ante-
rior thora-
coscopic sta-
bilization

65 % additional
posterior pedi-
cle screw
instrumenta-
tion

15 % 24
(4 – 72)

low rate of severe com-
plications (1.3 %); one
case each of aortic
injury, splenic contu-
sion, neurological
deterioration, CSF fluid
leak, and severe
wound infection

42 % less narcotics for
postoperative pain
treatment compared
to a group of 30
patients treated with
open thoracotomy

anterior thoracoscopic-
assisted reconstruction
of thoracolumbar frac-
tures can be safely
accomplished, reducing
pain and morbidity
associated with open
approaches

Defino
and
Scar-
paro
(2005)
[29]

18 retro-
spec-
tive

type B and C
fractures
(AO classifi-
cation), T10–
L4

operative:
posterior
monosegmen-
tal fixation and
arthrodesis

38.9 % 78
(24 – 144)

low residual pain rates
and high level patient
satisfaction with final
result. 95.5 % returned
to work and presented
with a low disability
index (Oswestry Disabil-
ity Index = 10.33 %)

posterior monoseg-
mental fixation is an
adequate and satisfac-
tory procedure in spe-
cific types of thoraco-
lumbar spine fractures

Wood
et al.
(2005)
[122]

38 pro-
spec-
tive,
ran-
domi-
zed

isolated
burst frac-
tures (T10–
L2)

operative:
18 posterior
fusion
20 anterior sta-
bilization

none 43
(24 – 108)

17 minor complications
in patients treated
posteriorly, including
implant removal, 3
minor complications
with anterior stabiliza-
tion

similar functional out-
comes

anterior fusion and
instrumentation may
exhibit fewer complica-
tions and fewer addi-
tional surgeries

Operative Treatment

General Principles

There is a general trend towards operative treatment of unstable fractures [31,
47], mostly because surgical stabilizing allows for:

) early mobilization of the patient
) diminished pain
) facilitated nursing care (polytraumatized patients)
) earlier return to work
) avoidance of late neurological complications
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Despite theoretical

advantages, the superiority

of surgical fracture

treatment is not supported

by scientific evidence

However, evidence suggests that there is no difference as regards neurological
recovery (Frankel score) and no substantial difference in functional long-term
outcome between the operative and non-operative treatment [114]. This is
clearly valid for compression fractures that are relatively stable, i.e., A1 and A2
fractures, according to the AO classification. Quite frequently, however, studies
presented in the literature analyze a mixed cohort of fracture types without fur-
ther differentiation, which leaves their results somewhat inconclusive.

In burst fractures, there is often some degree of canal compromise with a
potential risk of neurological injury. Hence, progressive neurological deteriora-
tion in the presence of substantial canal compromise is an indication for surgical
decompression and stabilization. Importantly, neurological status, spinal stabil-
ity, degree of deformity of the injured segment, degree of canal compromise, and
associated injuries are the most relevant factors that need to be considered when

Progressive neurological

deficit is an absolute

indication for surgery

deciding on operative or non-operative treatment for patients with a thoraco-
lumbar spine fracture. Most surgeons agree on absolute indications for surgery
while relative indications are debatable (Table 8):

Table 8. Indications for surgical treatment

Absolute Relative

) incomplete paraparesis ) pure osseous lesions
) progressive neurological deficit ) desire for early return to regular activities
) spinal cord compression w/o neurological deficit ) avoidance of secondary kyphosis
) fracture dislocation ) concomitant injuries (thoracic, cerebral)
) severe segmental kyphosis (> 30°) ) facilitating nursing in paraplegic patients
) predominant ligamentous injuries

In the absence of class I or II level scientific evidence for the vast majority of frac-
ture types, treatment guidelines remain controversial but a pragmatic approach
as used in our center may be useful.

Spinal Cord Decompression

Decompression

of incomplete spinal cord

lesions with persistent

compression is generally

recommended

The severity of a spinal cord injury is related to the force and duration of com-
pression, the displacement and the kinetic energy. Many animal models, includ-
ing primates, have demonstrated that neurological recovery is enhanced by early
decompression [40]. However, this compelling evidence has not been able to be
translated into patients with acute spinal cord injury. This may in part be due to:
(1) heterogeneous injury patterns and to (2) the absence of thoroughly designed
and well-performed randomized controlled trials. However, a number of studies
have documented recovery of neurological function after delayed decompression
of the spinal cord (months to years) after the injury [4, 14, 15, 76, 112]. The
improvement in neurological function with delayed decompression in patients
with cervical or thoracolumbar spinal cord injury who have plateaued in their
recovery is noteworthy and suggests that compression of the cord is an important
contributing cause of neurological dysfunction. Although many clinical studies
do not support the concept that surgery improves neurological deficits, most
investigators recommend early surgical decompression in cases of an incomplete
spinal cord injury and persistent compression of neurogenic structures.

Timing of Surgery

The timing of surgery remains controversial. While one randomized controlled
trial showed no benefit of early (<72 h) decompression [113], several recent pro-
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spective series suggest that early decompression (<12 h) can be performed safely
and may improve neurological outcomes [40].

Early rather than late

decompression

is recommended

La Rosa et al. [75] published a meta-analysis on the issue of early decompres-
sion in acute spinal cord injury. They reviewed 1687 patients in studies published
up to 2000. Patients were divided into three treatment groups: early decompres-
sion (<24 h), delayed decompression (>24 h), and conservative treatment. Sta-
tistically, early decompression resulted in better outcomes compared to both
delayed decompression and conservative management. Because the analysis of
homogeneity demonstrated that only data regarding patients with incomplete
spinal cord injury who underwent early decompression were reliable, the authors
concluded that early decompression can only be considered a practice option.
Currently, there are no standards regarding the role and timing of decompression
in acute spinal cord injury. Also, the presence and duration of a therapeutic win-
dow, during which surgical decompression could attenuate the secondary mech-
anisms of spinal cord injury, remains unclear. In a recent article, Fehlings et al.
[40] provide evidence-based recommendations regarding spinal cord decom-
pression in patients with acute spinal cord injury. Animal studies consistently
show that neurological recovery is enhanced by early decompression. One ran-
domized controlled trial showed no benefit to early (<72 h) decompression. Sev-
eral recent prospective series suggest that early decompression (<12 h) can be
performed safely and may improve neurological outcomes. Currently, there are
no standards regarding the role and timing of decompression in acute spinal cord

Early decompression

of progressive neurological

deficits is indicated

injury. On the other hand, no significant adverse effects of early decompression
have been documented. In the absence of clear guidelines from the literature,
early decompression of compressed neurological structures appears to be best
practice.

Surgical Techniques

If surgical treatment is chosen, further debate arises over the appropriate type of
approach. Similarly to the treatment decision of conservative vs. operative, scien-
tific evidence is lacking for the superiority of one surgical technique over the
other. Particularly for the frequent superior burst fracture (Fig. 3), a large variety
of surgical techniques are available. Finally, it depends on the surgical expertise
of the surgeon and their preference which technique is chosen. It is difficult to
base treatment recommendations on treatment outcome in the literature
(Table 7).

Posterior Approach

Posterior Monosegmental Reduction and Stabilization

Posterior monosegmental

reduction and stabilization

is feasible in selected Type A

and B fractures

The group of Gotzen et al. [49, 59] was the first to publish their results after
monosegmental reduction and stabilization (Case Study 2). In their initial report
[49], 14 patients with unstable compression fractures Grade II were treated by
posterior one-level internal fixation (9 patients had stabilization with plates and
cerclage wire, 5 with internal fixator). The results were compared to a series of 11
patients with equivalent fractures treated non-operatively. The authors conclude
that posterior single level stabilization and fusion is a recommendable surgical
procedure. In their second publication, Junge et al. [59] describe the technique,
which always included a posterior allogenic bone grafting and to some extent
also transpedicular bone grafting. The 2-year follow-up of 39 patients demon-
strated that 17 patients (43%) were completely free of pain and 17 patients were
only sensitive to weather changes or had minor pain during great physical stress.
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Case Study 2

This 39-year-old female fell from her bike and complained about severe back pain at the thoracolumbar junction. On
admission, the patient was neurologically intact. Standard anteroposterior and lateral radiographs demonstrated an
incomplete burst fracture of L1 (a, b). The sagittal CT reformation confirmed the diagnosis of a superior burst fracture (c).
The axial CT scan showed a minor dislocation of the dorsoapical vertebral fragment without neural compromise and
intact pedicles (d). Based on this fracture type non-operative as well as operative treatment was discussed. The patient
opted for surgery and preferred the posterior over the anterior approach. The spine was instrumented monosegmentally
with the lower screw aiming towards the intact anterior vertebral cortex. A posterolateral fusion was added with autolo-
gous bone graft from the iliac crest. Follow-up radiographs (e, f ) demonstrated an anatomic reduction of the fracture.
The patient was fully mobile on the first postoperative day and remained symptomfree during a 5 years follow-up. (Cour-
tesy University Hospital Balgrist).

However, five patients (13%) had pain even during slight physical stress or at
rest. Importantly, no implant fatigue failure was noted although five minor com-
plications occurred.

One-level posterior

instrumentation is indicated

only in incomplete burst

fractures with intact

pedicles

Wawro et al. [115] also published a small series of 14 patients that were stabi-
lized over a single segment. In addition, they characterized the fracture type in
which single-segment stabilization is possible and described differences in the
operation technique compared with multisegmental internal fixation. For exam-
ple, the pedicle screws occasionally needed to be inserted extremely close to the
endplates if the remaining part of the vertebral body had been destroyed and could
therefore not provide stability. Contraindications to a monosegmental posterior
stabilization are broken pedicles and complete burst fractures of the body. In
accordance with our concept, only incomplete burst fractures with intact pedicles
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and inferior endplate (i.e., Type A1 and A3.1) should be considered for posterior
monosegmental reduction and stabilization. Probably the pathophysiologically
most sound indication for a monosegmental dorsal stabilization is a Type B frac-
ture with only ligamentous posterior injury combined with a Type A1 or A3.1
fracture of the vertebral body with intact endplates and intact pedicles, because
the dorsal stabilization restores the tension band function of the ruptured liga-
ments.

In a similar small series of 18 patients undergoing posterior monosegmental
stabilization, Defino et al. [29] report a clinical and radiological follow-up after
2–12 years (mean 6.6±3 years) to demonstrate that posterior monosegmental
fixation is an adequate and satisfactory procedure in specific types of thoraco-
lumbar spine fractures. Clinical evaluation revealed low residual pain rates and a
high level of patient satisfaction with the final result. Functional evaluation
showed that 95.5% of the patients returned to work on a full-time basis and pre-
sented with a low disability index (Oswestry Disability Index =10.33%). Radio-
graphic evaluation demonstrated increased kyphosis in the fixed vertebral seg-
ment during the late postoperative period, accompanied by a reduced height of
the intervertebral disc. There was no implant failure, and no signs of pseudoar-
throsis were observed in any patient.

Posterior Bisegmental Reduction and Stabilization

Posterior two-level reduction

and fracture stabilization

remains the gold standard

for the vast majority

of thoracolumbar fractures

The bisegmental, two-level posterior approach (short segmental stabilization) is
the “working horse” of the posterior techniques that allows a secure fixation of
the pedicle screws in the intact vertebra one level above and below the fracture
(Fig. 8). With this construct, a good reduction and stable fixation is reliably
achieved.

Fredrickson et al. [45] studied the mechanisms of ligamentotaxis to reduce the
intracanal fragment of a burst fracture. Examination of anatomic data provided
by microtome section indicated that the fibers that actually reduce the intracanal
fragment originate in the anulus of the superior vertebra in the midportion of the
endplate and insert into the lateral margins of the intracanal fragment. Investiga-
tions using MRI confirmed that these obliquely directed fibers account for the
indirect reduction of the fragment. Further studies demonstrate that the poste-
rior longitudinal ligament provided only a minor contribution in the reduction
of the fracture in comparison to the attachments of the posterior portion of the
anulus fibrosus.

Harrington et al. [51] studied the biomechanics of indirect reduction of bone
retropulsed into the spinal canal in vertebral fracture and made several clinically
relevant observations. It was not possible to produce an anteriorly directed force
in the posterior longitudinal ligament at less than 35% canal occlusion, partly
because the posterior longitudinal ligament stands away from the midbody of the
vertebra. Regardless of the relative sagittal plane angulation of the vertebrae, dis-
traction was the governing factor in generating force in the posterior longitudi-
nal ligament. Because positioning the vertebrae in lordosis before applying dis-
traction significantly slackens the posterior longitudinal ligament, it is suggested
that distraction be applied before angular positioning of the vertebrae is per-
formed. However, this procedure risks overdistraction with deleterious results
for the spinal cord.

A comminuted anterior

column demands anterior

load sharing support

Depending on the comminution of the fractured vertebral body, additional
anterior load sharing support is needed. McLain et al. [85] reported early failure
of short-segment pedicle instrumentation for thoracolumbar fractures. Out of 19
patients with unstable thoracolumbar fractures, 10 patients had early failure of
fixation: progressive kyphosis, osseous collapse, vertebral translation, screw
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Figure 8. Surgical technique of two-level fracture reduction and stabilization

The technique demonstrates the use of the Fracture Module of Universal Spine System (Synthes) but the general princi-
ples similarly apply to other fracture systems. a Schanz screws are inserted in the pedicles of the vertebral bodies superior
and inferior to the fracture. b Screw clamps connected with the rods are mounted and fixed (arrow). c The fracture can be
reduced by lordosing both screwdrivers. However, it is often better to first tighten the two lower screws and reduce the
fracture simultaneously by lordosing the cranial screw bilaterally with the help of the screwdriver. d If this reduction
maneuver does not suffice to restore vertebral height, a temporary C-clamp can be mounted and the fracture distracted
after loosening the upper screws. Care must be taken not to overdistract the fracture because of the inherent neurologi-
cal risks. Finally, the Schanz screws are cut with a special screwcutter (not shown). Dependent on canal clearance and
anterior vertebral column restoration, an additional anterior approach can be added (preferably in a second stage)

breakage or loosening. These results indicate the need for an adequate anterior
column support and an optimal anterior-posterior column load sharing environ-
ment.

Transpedicular cancellous

bone grafting is insufficient

to stabilize the anterior

column

If no anterior stabilization is planned, a posterolateral fusion [78, 88] is man-
datory. In addition, transpedicular bone grafting in the disrupted disc space has
been a treatment option [26, 78, 90]. However, transpedicular bone grafting
could not prevent kyphosis after dorsal removal on implants [1, 68, 108]. Knop
et al. [68] studied 56 patients after implant removal and concluded that, because
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of the disappointing results, they cannot recommend the additional transpedicu-
lar cancellous bone grafting as an interbody fusion technique after posterior sta-
bilization in cases of complete or incomplete burst injury to the vertebral body.
Similarly, Alanay et al. [1] concluded that short-segment transpedicular instru-
mentation of thoracolumbar burst fractures is associated with a high rate of fail-
ure that cannot be decreased by additional transpedicular intracorporeal graf-
ting.

Posterior Reduction and Multisegmental Stabilization

Fracture dislocations usually

require multilevel spinal

stabilization

Multilevel stabilization is indicated for the very unstable thoracolumbar luxation
fractures (Type C lesions) which usually cannot be accurately reduced and stabi-
lized with a short two-level construct. Usually, fixation of two to three segments
above and below the injury is recommended for a stable fixation. Unstable frac-
tures of the thoracic spine that need to be stabilized are often combined with a
significant thorax trauma or a polytrauma. In these patients, an early posterior
stabilization with additional bone grafting allows for (1) a stable fixation of the
spine with restoration of the dorsal tension band function, (2) the possibility of
early and orthosis-free mobilization in the intensive care unit or later in a center
of rehabilitation, and finally (3) bony fusion.

Anterior Approach

Rationale for the anterior

approach is that the spine

should be treated where

the injury has occurred

From the biomechanical point of view, it is obvious that the damaged spine has to
be treated according to the injury mechanism and the site of injury. In a flexion
injury (e.g., Chance fracture) with fracture of the pedicles and the vertebral body,
stabilization can be performed by a dorsal approach and restores the tension
band function until bony healing has occurred. Similarly, the biomechanics of
the anterior column has to be considered in the case of a burst fracture. About
80% of the axial load of an intact spine is supported by the anterior column.
When the anterior column is substantially injured, the anterior support is dra-
matically reduced to about 10%, leaving 90% of the load to be resisted by the
implant and the posterior elements. These general biomechanical considerations
support the use of an anterior load sharing support (e.g., by a tricortical bone
graft or a cage).

The primary indications for the anterior approach are:

) insufficient spinal decompression
) insufficient anterior column restoration

Spinal canal compromise in patients presenting with neurological deficits which
cannot adequately be resolved by a dorsal approach alone requires anterior
decompression. An additional indication is a vertebral body fracture with sub-
stantial comminution and dislocation which cannot be adequately restored by a
posterior approach alone [50].

Type A fractures can be

treated by an anterior

approach alone

However, Type A fractures can be treated by an anterior approach alone.
Kaneda et al. [60] reported a study on 150 consecutive patients who had a burst
fracture of the thoracolumbar spine and associated neurological deficits. The
patients were managed with a single-stage anterior spinal decompression, strut-
grafting, and anterior spinal instrumentation. At a mean of 8 years (range
5–12 years) after the operation, radiographs showed successful fusion of the
injured spinal segment in 140 patients (93%). Ten patients had a pseudarthrosis,
and all were managed successfully with posterior spinal instrumentation and a
posterolateral arthrodesis. Despite breakage of the Kaneda device in nine
patients, removal of the implant was not necessary in any patient. None of the
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patients had iatrogenic neurological deficits. Subsequent to anterior decompres-
sion, the neurological function of 142 (95%) of the 150 patients improved by at
least one Frankel grade. Fifty-six (72%) of the 78 patients who had preoperative
paralysis or dysfunction of the bladder recovered completely. One hundred and
twenty-five (96%) of the 130 patients who were employed before the injury
returned to work after the operation, and 112 (86%) of them returned to their
previous job without restrictions. The authors concluded that anterior decom-
pression, strut-grafting, and fixation with the Kaneda device in patients who had
a burst fracture of the thoracolumbar spine and associated neurological deficits
yielded good radiographic and functional results.

Wood et al. [122] conducted a prospective randomized study to evaluate dif-
ferences in radiographic, clinical, or functional outcomes when individuals with
stable burst fractures of the thoracolumbar junction (T10–L2) without neurolog-
ical deficit are treated with either a posterior fusion with instrumentation or
anterior reconstruction, fusion, and instrumentation. Of 43 enrolled patients,
38 completed a minimum 2-year follow-up (average: 43 months; range:
24–108 months). Eighteen patients received a posterior spine fusion and 20 an
anterior approach. There were 17 “complications” including instrumentation
removal for pain in 18 patients treated posteriorly, but only 3 minor complica-
tions in 3 patients treated anteriorly. Patient-related functional outcomes were
similar for the two groups. The authors concluded that although patient out-
comes are similar, anterior fusion and instrumentation for thoracolumbar burst
fractures may present fewer complications or additional surgeries. Hence, using
minimally invasive techniques (see below) the collateral damage can signifi-
cantly be reduced, which increases the indications for the anterior approach in
stable thoracolumbar fractures.

Sasso et al. [103] retrospectively analyzed 40 patients with unstable thoraco-
lumbar injuries that were operated on between 1992 and 1998. The study was
conducted to evaluate the efficacy of stand-alone anterior decompression and
reconstruction of unstable three-column thoracolumbar injuries, utilizing cur-
rent-generation anterior spinal instrumentation. According to the AO classifica-
tion, there were 24 (60%) Type B1.2, 10 (25%) Type B2.3, 5 (12.5%) Type C1.3,
and 1 (2.5%) Type C2.1 injuries. One early construct failure due to technical
error is reported. Thirty-seven of the remaining patients (95%) went on to

Selected Type B and C

fractures can be treated

with an anterior approach

alone when using rigid

angle-stable anterior

fixation

apparently stable arthrodesis. The authors conclude that current types of ante-
rior spinal instrumentation and reconstruction techniques can allow some types
of unstable three-column thoracolumbar injuries to be treated in an anterior
stand-alone fashion. This allows direct anterior decompression of neural ele-
ments, improvement in segmental angulation, and acceptable fusion rates with-
out the need for supplemental posterior instrumentation.

Minimally Invasive Approach

Conventional surgical approaches for the treatment of thoracic and thoraco-
lumbar fractures require extensive exposure and often lead to significant post-
operative pain and morbidity. In order to reduce the collateral damage created

Access technology has

contributed to minimizing

collateral damage by the

anterior approach

by the large surgical access, lesser and minimally invasive methods have been
developed (Case Study 3). The use of a retractor system such as SynFrame
allows the anterior spine to be accessed in an open but minimally invasive way.
In an analysis of the first 65 patients, Kossmann et al. [72] reported no intra- or
postoperative complications related to this minimally invasive procedure. In
addition, no intercostal neuralgia, no post-thoracotomy pain syndromes, no
superficial or deep wound infections and no deep venous thromboses oc-
curred.
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Case Study 3

This 48-year-old female fell from a horse and presented with an incomplete burst fracture of L2 (Type A3.1) without
neurological deficits (ASIA E). The MRI scan (a, b) was performed to evaluate the integrity of the dorsal elements. The
coronal view (a) shows the T1 sequence and demonstrates a cranial fracture of L2 and a rupture of the disc L1/L2. The
STIR sequence (b), which is very sensitive to edema, confirms the fracture of the vertebral body but does not show any
evidence of a posterior injury. This allows the distinction between a Type A injury and an unstable Type B injury and
helped us to choose the operative approach. We performed a monosegmental anterior stabilization with an expand-
able cage (Stryker) and an angular stable implant (MACS), which was especially designed for the thoracoscopic tech-
nique (c, d). After a small diaphragmatic split, one of the first steps is the positioning of a K-wire just above the endplate
of L2 (c); in this figure, the retractor (left), the suctioning device (middle) and the aiming device for the K-wire (right) can
be distinguished. The polyaxial screws are inserted under fluoroscopic control, the ruptured disc and the cranial part of
the fractured vertebral body are removed, and the cage is inserted (d). The postoperative control radiographs (e–g)
demonstrate a correct positioning of the screws in the anteroposterior view (e) and lateral view (f ); in addition, the local
bone transplant on the right side of the cage is seen in e. The conventional X-rays (g, h) demonstrate a physiologic align-
ment and a correct positioning of the implants.

Minimally invasive anterior

access technologies offer

perioperative advantages

Thoracoscopic spinal surgery is another technique that reduces the morbidity of
extensive surgical approaches while it still achieves the primary goals of spinal
decompression, reconstruction, and stabilization. Since the development of spe-
cially designed instruments and implants, the “pure” thoracoscopic operation
technique has become possible and feasible. Through the transdiaphragmatic
approach it was also possible to open up the thoracolumbar junction, including
the retroperitoneal segments of the spine, to the endoscopic technique. In an
early series, Bühren et al. [19] analyzed 38 patients. The authors conclude that,
compared to the open method, minimally invasive surgery had the benefit of
reducing postoperative pain, shortening hospitalization, leading to early recov-
ery of function and reducing the morbidity of the operative approach. These
findings have been confirmed in later reports [8, 9, 62]. The rate of severe compli-
cations was low (1.3%), with one case each of aortic injury, splenic contusion,
neurological deterioration, cerebrospinal fluid leak, and severe wound infection
[62]. Overall, the complication rate was not increased when compared to the
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open technique; however, there were clear advantages in terms of the reduced
access morbidity.

Importantly, the endoscopic technique is also effective for anterior spinal
canal decompression. Beisse et al. [8] published a series of 30 patients with thora-
columbar canal compromise that underwent endoscopic anterior spinal canal
decompression and report that 25% of patients with complete paraplegia and
65% of those with incomplete neurological deficit improved neurologically.

The following factors have gradually opened up the entire spectrum of ante-
rior spine surgery to endoscopic techniques [9]:

) a standardized operating technique
) instruments and implants specially developed for the endoscopic procedure,

i.e.:
) angle-stable plate and screw implants and
) endoscopically implantable vertebral body replacements

Combined Anterior-Posterior Approach

Studies on posterior stabilization of thoracolumbar fractures demonstrated that
fractures with comminution of the anterior column often lead to early failure
[85]. Therefore, in addition to the posterior two-level repositioning and stabili-
zation, several techniques were introduced to stabilize the anterior column: iliac
anterior crest [41], possibly in an inlay technique [71] or with vertebral body
replacements in different materials, shapes, sizes, and configurations (i.e., non-
expandable vs. expandable cages). In our institution, we prefer to adhere to a
two-staged procedure that includes (Case Introduction):

) Stage 1: posterior fracture reduction and usually a two-level stabilization (w/
o decompression depending on neural compromise)
) Stage 2: delayed anterior surgery depending on the patients’ condition

Many peers recommend

a combined posterior/

anterior approach

for unstable fractures

It is evident that, although posterior reduction and stabilization provides effec-
tive restoration of the sagittal alignment, the reduction capability of the intraca-
nal bone fragments is distinctly limited [50, 107, 123]. The anterior reconstruc-
tion method permits effective decompression of the spinal canal and offers supe-
rior mechanical stability compared with the indirect decompression and stabili-
zation of posterior instrumentation.

Treatment Guidelines

Most treatment recommen-

dations are not based

on scientific evidence

The conflicting results and the diversity of studies presented in this chapter indi-
cate that there is no gold standard for the vast majority of fractures and treatment
decisions are almost always lacking scientific evidence. Treatment options are
often based on the experience and the tradition of the institute and the treating
physicians. Importantly, the patient and the treating team must be aware of the
attainable results, the time course of the treatment, the pitfalls, and the complica-
tion of the respective method, be it conservative or operative. Under these limita-

Critically evaluate anecdotal

treatment recommen-

dations before adaptation

tions, we have summarized some general guidelines (Fig. 9). However, we want to
emphasize that these general recommendations may not apply to the individual
case and confounding variables have to be considered, e.g., general condition,
injury pattern, polytrauma, age, associated diseases, etc.

Type A1 fractures are usually treated conservatively. However, if kyphosis
becomes relevant (more than 20°–25°) an operative correction of the kyphosis
has to be considered. In this case, we advocate an early correction, i.e., when the
fracture is not consolidated and still can be reduced to avoid more complex and
difficult correction surgery in a later stage. Also Type A2 fractures can be treated
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Figure 9. General treatment guidelines
1 Corpectomy, interbody fusion with strut graft/cage, anterior instrumentation
2 Two-level instrumentation, reduction, posterolateral fusion (optional with one-level fusion and posterior implant

removal after 10 – 12 months to liberate the uninjured segment)
3 One-level stabilization and fusion possible in cases of monosegmental lesions (incomplete burst fractures, anterior disc

disruption)
4 Additional anterior approach (corpectomy w/o decompression, interbody fusion with strut graft/cage) is indicated in

cases of persistent neural compression (incomplete canal clearance) or comminuted anterior column or to enhance
fusion in discoligamentous injuries

5 One-level stabilization and fusion possible in cases of discoligamentous injuries or concomitant incomplete burst frac-
tures

6 Multilevel stabilization often required (two or three levels above/below the injury)

Pincer fractures are prone

to non-union and are better

treated surgically

conservatively with the exception of A2.3 type fractures, the so-called “pincer”
type. In this fracture type, both discs are usually ruptured and pushed into the
fractured vertebral body. This injury pattern often leads to non-union and
results in painful instability. From a pathophysiological and biomechanical view,
an anterior approach makes most sense in these A2.3 fractures, because the
pathology is treated where the pathology is located. Probably the most contro-
versy exists in A3 type fractures particularly the incomplete burst fracture

Type A3.1 fractures are the

most controversial ones

regarding treatment

recommendations

(A3.1). In this fracture type, the accepted treatments range from bracing to com-
bined anterior/posterior approach all with acceptable results (Case Studies 2, 3).
The treatment options depend on the comminution of the vertebral body, the
degree of kyphosis, and the presence or absence of neurology. If one decides to
stabilize A3 fractures, the goal of neural decompression, sagittal alignment, and
anterior support will dictate the operative approach. In an emergency situation,
a primarily posterior approach will allow to reduce and stabilize the fracture with
an internal fixator with or without laminectomy to decompress neural structure
(Case Introduction). At a later stage, the surgeon can decide if an additional ante-
rior approach is needed, based on the persistence of neurological compression
and the comminution of the anterior column. A CT scan after the postoperative
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approach is often helpful for decision making. Alternatively, an anterior
approach only with corpectomy, interbody fusion with strut graft/cage, and
anterior instrumentation will provide an appropriate stabilization (see Case

Study 3).
The paradigm of a primarily posterior approach with or without an additional

anterior operation is also true for Type B and Type C fractures. One exception is
the purely osseous “Chance” fracture, because fractured bones heal better and
faster than ligamentous injuries. In this case, a thoracolumbar cast fixation that
prevents flexion/distraction movements of the injured segment is applied for
6–8 weeks. Alternatively, one might also prefer to treat Chance fractures with an
operative stabilization and restore the ruptured tension band with a posterior
bisegmental stabilization without posterolateral fusion. Removal of the hardware
is then usually performed after 4 months. In B-type fractures, posterior stabiliza-
tion is usually performed with a two-level instrumentation, reduction, and pos-
terolateral fusion or optionally with a one-level fusion and posterior implant

The indication for an addi-

tional anterior approach

depends on neurological

compromise and anterior

column comminution

removal after 10–12 months to liberate the uninjured segment. Alternatively,
two-level stabilization and fusion is possible in Type B cases with discoligamen-
tous injuries or concomitant complete burst fractures. The decision whether an
additional anterior support is necessary or not depends on the persistence of
neural compression (incomplete canal clearance) or the comminution of the
anterior column or the need to enhance arthrodeses by adding an interbody

Type C injuries are very

unstable and commonly

require multisegmental

fixation

fusion. In Type C injuries, multilevel stabilization is often required (two or three
levels above/below the injury) for reduction and stabilization. Additional ante-
rior surgery again depends on canal clearance and anterior column reconstruc-
tion.

Outcome of Operative Versus Non-operative Treatment

Despite many theoretical advantages of operative spinal fracture treatment, there
is a lack of scientific evidence which supports the benefits of surgery (Table 9).
Many studies were not able to prove a substantial difference in functional out-
come between the operative and non-operative treatment, regardless of the neu-
rological injury [16, 17, 20, 73, 87, 92, 105, 116, 121]. Chow et al. [23] retrospec-
tively reviewed 24 neurologically healthy patients (mean follow-up of 34 months)
with unstable thoracolumbar burst fractures (T11–L2) managed with either cast-
ing or bracing and early ambulation. Clinical follow-up examination was per-
formed by the use of a questionnaire in which the patients were asked to rate their
pain, ability to work, ability to perform in recreational activities, and their over-
all satisfaction with treatment. Kyphotic deformity could be corrected with
hyperextension casting but tended to recur during the course of mobilization and
healing, as hypothesized by Magnus [82] and confirmed by other studies [96,
111]. No correlation was found between kyphosis and clinical outcome. At final
follow-up evaluation, 79% had little or no pain; 75% had returned to work; 75%
stated that they had few or no restrictions in their ability to work; and 67% stated
that they had few or no restrictions in their ability to participate in recreational

Favorable outcome has

been reported with conser-

vative as well as operative

treatment when applying

the correct technique

activities. Only one patient (4%) reported being dissatisfied with the initial non-
operative treatment of his spine fracture. The authors conclude that non-opera-
tive management of thoracolumbar burst fractures with hyperextension casting
or bracing is a safe and effective method of treatment in selected patients.

In the series of Daniaux et al. [27], 85% of patients with a thoracolumbar frac-
ture were treated conservatively. In 40%, a functional treatment was possible;
these were patients with stable impaction and split fractures as well as burst frac-
tures that were considered to be stable and that had a kyphotic deformity of less
than 10° for T12–L2 and 15° for T11, respectively. In 45%, a repositioning and
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Table 9. Operative vs. non-operative treatment

Authors Cases Study
design

Fracture
type
(numbers)

Type of
treatment

Neuro-
logical
deficit

Follow-up
(months)

Outcome Conclusion

Burke
and
Murray
(1976)
[17]

115
(140)

retro-
spec-
tive

flexion/rota-
tion (80)

compression
fractures
(27)

pure liga-
mentous
injuries (3)

hyperexten-
sion (2)

other (3)

89 non-opera-
tive (postural
reduction)

26 operative
(posterior
stabilization
± laminec-
tomy)

62 % N/A conservative:
secondary spinal fusion
n= 3
severe chronic pain: 2

neurological improve-
ment 35 %

operative:
severe chronic pain n= 8
Neurological improve-
ment 38 %

the indication for early
surgery might be still
further restricted.

Recht-
ine
et al.
(1999)
[93]

235 chart
review
for
compli-
cations

unstable
thoracolum-
bar fractures

117 operative
118 non-opera-
tive 6 weeks
bed rest)

N/A comparable rates of
decubitus, deep
venous thrombosis,
pulmonary emboli,
and mortality
between both groups

8 % deep wound infec-
tions after operative
treatment

shorter hospital stay
after operative treat-
ment

both treatment modali-
ties are viable alter-
natives

Shen
et al.
(2001)
[105]

80 pro-
spec-
tive

single-level
burst frac-
tures T11–
L2, no frac-
ture disloca-
tions or ped-
icle fractures

47 non-opera-
tive:
using a hyper-

extension
brace

33 operative:
posterior fixa-
tion

none 288 less pain in the surgical
group after 3 and
months. Complica-
tions after surgery:
1 superficial infection
and 2 broken screws

hospital charges were
4 times higher in the
operative group

posterior fixation pro-
vides partial kyphosis
correction and earlier
pain relief. Functional
outcome at 2 years is
similar

Wood
et al.
(2003)
[121]

47 pro-
spec-
tive,
ran-
domi-
zed

single thora-
columbar
burst
fractures
(T10–L2)

24 operative:
posterior or

anterior
instru-
mented
fusion

23 non-opera-
tive:

body cast or
orthosis

none 44 no difference between
groups was found in
terms of pain, and return
to work. Non-operatively
treated patients
reported less disability

no long-term advan-
tage for operative treat-
ment of burst fractures
compared with non-
operative treatment

retention in a cast according to Böhler’s principles was performed. A reposition-
ing was possible in 90%; however, only 50% could be maintained over the treat-
ment period, 20% returned to the initial kyphotic level and 5% had a worse
result.

Reinhold et al. [95] reviewed 43 patients 16.3 years after thoracolumbar frac-
ture and non-operative therapy. On average, patients showed a radiologic
increase in the kyphosis angle of 5.2° compared to the time of injury. No differ-
ence was noted between early functional therapy and treatment with closed
reduction and immobilization by cast. Results of validated psychometric ques-
tionnaires such as SF-36 and VAS showed the characteristic pattern of a popula-
tion with chronic back pain. The authors conclude that a radiologic increase in
the traumatic kyphotic deformity in patients with a non-operative treatment
protocol has to be expected and that measurable negative physical and social
long-term consequences can be anticipated after sustaining a Type A fracture of
thoracolumbar vertebral bodies. However, no correlation between radiologic
and functional results was observed.
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In an earlier report, Weinstein et al. [116] also addressed the long-term results of
42 patients with non-operative treatment for fractures of the thoracolumbar
spine. Average time from injury to follow-up was 20.2 years. At follow-up, the
average back pain score was 3.5, with 0 being no pain at all and 10 being very
severe pain. No patient required narcotic medication for pain control. Eighty-
eight percent of patients were able to work at their usual level of activity. Follow-
up radiographs revealed an average kyphosis angle of 26.4° in flexion and 16.8° in
extension. The degree of kyphosis did not correlate with pain or function at fol-
low-up.

Burke et al. [17] reported in his retrospective study that 3 of 89 patients with
conservative therapy required a secondary spinal fusion for suspected instability
after a period of conservative treatment. Frankel [44] found that 2 of 394 conser-
vatively treated patients required surgery because of instability.

Braakman et al. [16] prospectively studied 70 consecutive patients with inju-
ries of the thoracic and lumbar spine with a neurological deficit. The authors
could not establish a difference in neurological recovery between those patients
who were managed conservatively and those in whom a surgical decompression
and stabilization procedure was performed. Surgical stabilizing procedures,
however, resulted in immediate stabilization of the spine, diminished pain, facili-
tated nursing care and allowed more rapid mobilization and earlier active reha-
bilitation.

Shen at al. [104] studied 38 patients after functional treatment with a follow-
up of 4.1 years. Four patients had moderate pain, 2 had moderate to severe pain,
and 29 (76%) were able to work at the same level. The authors conclude that
activity restriction and bracing may be important for pain control but probably
do not change the long-term result. The same authors [105] also conducted a pro-
spective trial with 80 patients to compare the results of non-operative treatment
(n=47) versus short-segment posterior fixation using pedicle screws; follow-up
was 2 years. They found that posterior fixation provides partial kyphosis correc-
tion and earlier pain relief, but the functional outcome at 2 years is similar.

Wood et al. [121] published a prospective, randomized study comparing oper-
ative (posterior or anterior arthrodesis and instrumentation) and non-operative
treatment (application of a body cast or orthosis) of stable thoracolumbar burst
fractures in 47 patients without neurological deficit. After treatment, patients
indicated the degree of pain with use of the visual analog scale and they com-
pleted the Roland and Morris Disability Questionnaire, the Oswestry Back-Pain
Questionnaire, and the Short Form-36 (SF-36) Health Survey. No significant dif-
ference was found between the two groups with respect to return to work. The
preinjury scores were similar for both groups; however, at the time of the final
follow-up (on average after 44 months), those who were treated non-operatively
reported less disability. The authors conclude that operative treatment of patients
with a stable thoracolumbar burst fracture and normal findings on the neurolog-
ical examination provided no major long-term advantage compared with non-
operative treatment.

The superiority of surgical

fracture treatment

is not well supported

in the literature

Rechtine et al. [93] reviewed the medical charts of 235 patients with thoraco-
lumbar fractures to evaluate a difference in the occurrence of complications after
conservative (118 patients) or operative treatment (117 patients). There was no
significant difference in the occurrence of decubitus, deep venous thromboses,
pulmonary emboli, or mortality between the two groups. Deep wound infections
occurred in 8% of the operative cases. However, the length of stay was 24 days
longer in the non-operative group. The authors conclude that the selection of
treatment method remains a matter of controversy.
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Complications

The reported complication

rate in the literature

varies largely

A surgery-related complication is a relevant shortcoming of any operative proce-
dure with potentially devastating consequences, especially in spine surgery (see
Chapter 39 ). The reported complication rate in the literature is largely variable
and critically dependent on the pathology and type of surgery [7, 8, 19, 25, 34, 35,
38, 39, 42, 62, 68, 70, 83, 102, 110, 115].

One of the largest series which considered complications in the surgical treat-
ment of spinal fractures is the multicenter study of the Spine Study Group of the
German Trauma Association (DGU). Knop et al. [69] reviewed sources of error
and specific complications [67, 65, 66]. A total of 682 patients were operated on
for acute traumatic injuries of the thoracolumbar spine. In 101 cases (15%) at
least one complication occurred intra- or postoperatively. In 41 patients (6%) a
revision was performed, and in 60 patients (9%) complications without opera-
tive revision were observed. Typical errors and possible complications during
operations were related to different steps of the operation:

) positioning and closed reduction of fractures
) approach
) decompression of the spinal canal
) instrumentation and stabilization
) intervertebral fusion

Postoperative neurological

complications are rare

In addition, there are general surgical complications, which are not specific to
spinal operations.

) Complications specific to the procedure that were revised included (n=40):
deep infection 15 (2.2%), hematoma/wound healing disorder 12 (1.8%),
instability or segmental malalignment 5 (0.7%), misplacement of screw/
implant 4 (0.6%), persisting liquor fistula 2 (0.3%), sewn-in drain 1 (0.1%),
arterial embolism of femoral artery 1 (0.1%).
) Complications specific to the procedure that were (n=29) not revised

included: intraoperative bleeding 10 (1.5%), iatrogenic pedicle fracture 5
(0.7%), misplacement of screw/implant 3 (0.4%), instability or consecutive
malalignment 2 (0.3%), infection/healing disorder iliac crest 2 (0.3%), not
specified 2 (0.3%), iatrogenic rip fracture, approach related 1 (0.1%), iatro-
genic lesion of pleura/peritoneum 1 (0.1%), narrowing of spinal canal with
bone graft 1 (0.1%), fracture of iliac crest after graft harvesting 1 (0.1%),
persisting liquor fistula 1 (0.1%).
) Neurological complications (n=13), revised and non-revised included:

peripheral lesion of nerve roots (0.7%), remittent neurologic deficit 4
(0.6%), neurologic deterioration (Frankel/ASIA E to D) 2 (0.3%), neurologic
deterioration (Frankel/ASIA D to A) 1 (0.1%), paresthesia without neurolog-
ical deficit 1 (0.1%).
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Recapitulation

Epidemiology. About 60 % of thoracic and lumbar
spine fractures are located at the transition T11–L2,
30 % in the thoracic spine and 10 % in the lower
lumbar spine. Spinal cord injury occurs in about
10 – 30 % of traumatic spinal fractures.

Pathogenesis. The most relevant forces that pro-
duce structural damage to the spine are axial com-
pression, flexion/distraction, hyperextension, rota-
tion, and shear. Axial load may result in a burst frac-
ture; the posterior elements are usually intact. In
flexion/distraction injuries, the posterior ligamen-
tous and osseous elements fail in tension; a wedge
compression fracture of the vertebral body is often
associated. Hyperextension may result in rupture
of the anterior ligament and the disc as well as in
compression injuries of the posterior elements, i.e.,
fracture of the facets, the laminae, or the spinous
processes. Rotational injuries combine compres-
sive forces and flexion/distraction mechanisms and
are highly unstable injuries. Shear forces produce
severe ligamentous disruption and usually result in
complete spinal cord injury.

Clinical presentation. In the case of a polytrauma,
about 30 % of the patients have a spinal injury. The
neurological examination has to include the
“search for a sacral sparing” which determines the
completeness of the deficit and the prognosis.
About one-third of all spinal injuries have concomi-

tant injuries; the most frequent are: head injuries,
chest injuries and long bone injuries. The history
should include the type of trauma (high vs. low en-
ergy injuries) and the time course of a possible neu-
rological deficit. The initial focus of the physical ex-
amination is on the assessment of vital functions

and neurological deficits. Because the spinal cord
usually terminates at the level of L1, injuries to the
thoracolumbar junction may result in various neu-
rological symptoms: e.g., complete/incomplete
paraplegia (distal spinal cord), malfunction of the
vegetative system (conus medullaris), or cauda
equina syndrome.

Diagnostic work-up. Static imaging studies are
“snapshots in time” and do not reveal the real de-
gree of spinal canal compromise that may have
happened during the injury. A posterior cortical dis-
ruption seen in the lateral view or an interpedicular
widening seen in the anteroposterior view sug-
gests a burst fracture that should be further ana-

lyzed by CT scan. CT is the imaging study of choice

to demonstrate bony destruction. MRI is recom-
mended to identify a possible cord lesion or a cord
compression in patients with neurological deficits.
MRI can be helpful in determining the integrity of the
posterior ligamentous structures and thereby in dif-

ferentiating between a Type A and a Type B lesion.

Non-operative treatment. Management of thora-
columbar and sacral spinal fractures remains a con-
troversial area in modern spinal surgery. The litera-
ture demonstrates a wide range of conflicting re-
sults and recommendations. Unfortunately, the
vast majority of clinical studies can be criticized be-
cause of their retrospective design, heteroge-
neous patient populations and treatment strate-
gies, limited follow-up, and poorly defined out-
come measures.
The main advantage of non-operative treatment
of thoracolumbar fracture is the avoidance of sur-
gery-related complications. According to Böhler,
the time of immobilization in a cast is usually
3 –5 months depending on the fracture type. Im-
portantly, skillful physical therapy is paramount to
achieve good results. Because thoracolumbar frac-
tures are bound to return to the initial deformity,
functional bracing without repositioning is an alter-
native to Böhler’s concept of repositioning and sta-
bilization with a cast if the initial deformity is ac-
ceptable. Many studies were not able to prove a
substantial difference in functional outcome be-
tween the operative and non-operative treatment,
regardless of the neurological injury.

Operative treatment. There is a general trend to-
wards operative treatment of unstable fractures
mostly because surgical stabilizing procedures re-
sult in early mobilization, diminished pain, facilitat-
ed nursing care, earlier return to work, and avoid-
ance of late neurological complications. In experi-
mental animal models, persistent compression of
the spinal cord is potentially reversible from a sec-
ondary injury by early decompression. Most investi-
gators recommend a surgical decompression in
the setting of major neurological deficit, progres-
sive neurological loss, and substantial compromise
of the spinal canal. Currently, there are no gold

standards regarding the role and timing of de-

compression in acute spinal cord injury. Posterior
bisegmental reduction and stabilization is the
“working horse” of the posterior approach tech-
nique that allows for fracture reduction and stable

918 Section Fractures



fixation. Depending on the persistence of spinal
canal compromise or comminution of the fractured
vertebral body, an additional anterior approach is
needed. Transpedicular cancellous bone grafting
for interbody fusion after posterior stabilization is
not recommended in complete or incomplete burst
fractures. Only incomplete Type A burst fractures
with intact pedicles and a lower endplate should be
considered for posterior monosegmental reduc-

tion and stabilization. Compared to the open
method, minimally invasive surgery reduces post-
operative pain, shortens hospitalization, leads to
early recovery of function and reduces morbidity of

the operative approach. A combined posterior and

anterior approach is used to reduce and stabilize
severely comminuted vertebral body fractures and
to decompress the spinal canal. In Type C lesions

often multisegmental instrumentation is needed
to reliably stabilize the spine.

Complications. The reported complication rate in
the literature varies largely and ranges from 3.6 % to
10 %. Postoperative neurological complications
range from 0.1 % to 0.7 %. Only honest and accurate
assessment of complications will lead to scientific
and clinical progress.

Key Articles

Böhler L (1951) Die Technik der Knochenbruchbehandlung. Maudrich, Vienna
Lorenz Böhler was one of the first to advocate a conservative treatment with fracture
reduction and retention in a cast.

Roaf R (1960) A study of the mechanics of spinal injuries. J Bone Joint Surg Br
42B:810–23
In this article Roaf studies the biomechanics of spinal injuries and describes the results of
studies of spinal units when subjected to forces of different magnitude and direction, i.e.,
compression, flexion, extension, lateral flexion, rotation, and horizontal shear.

Denis F (1983) The three column spine and its significance in the classification of acute
thoraco-lumbar spinal injuries. Spine 8:817–31
This article is a presentation of the concept of the three-column spine. The concept
evolved from a retrospective review of 412 thoracolumbar spine injuries and observa-
tions on spinal instability. The posterior column consists of what Holdsworth described
as the posterior ligamentous complex. The middle column includes the posterior longitu-
dinal ligament, posterior anulus fibrosus, and posterior wall of the vertebral body. The
anterior column consists of the anterior vertebral body, anterior anulus fibrosus, and
anterior longitudinal ligament.

Dick W (1987) The “fixateur interne” as a versatile implant for spine surgery. Spine
12:882–900
This article introduced a new angle-stable fixation device which first allowed a short seg-
mental reduction and fixation of fractures.

Magerl F, Aebi M, Gertzbein SD, Harms J, Nazarian S (1994) A comprehensive classifica-
tion of thoracic and lumbar injuries. Eur Spine J 3:184–201
This article describes a classification of thoracic and lumbar injuries. As a result of more
than a decade of consideration of the subject matter and a review of 1445 consecutive tho-
racolumbar injuries, a comprehensive classification of thoracic and lumbar injuries is
proposed. The classification is primarily based on pathomorphological criteria. Three
mechanisms classify the injury pattern according to the AO classification: axial compres-
sion (Type A), flexion distraction (Type B) and rotational/shear injuries (Type C).

Kaneda K, Taneichi H, Abumi K, Hashimoto T, Satoh S, Fujiya M (1997) Anterior decom-
pression and stabilization with the Kaneda device for thoracolumbar burst fractures
associated with neurological deficits. J Bone Joint Surg Am 79:69–83
One hundred and fifty consecutive patients who had a burst fracture of the thoracolum-
bar spine and associated neurological deficits were managed with a single-stage anterior
spinal decompression, strut-grafting, and Kaneda spinal instrumentation. The authors
conclude that anterior decompression, strut-grafting, and fixation with the Kaneda
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device in patients who had a burst fracture of the thoracolumbar spine and associated
neurological deficits yielded good radiographic and functional results. This article estab-
lished the single stage anterior approach for this fracture type.

Knop C, Blauth M, Bühren V, Hax PM, Kinzl L, Mutschler W, Pommer A, Ulrich C, Wag-
ner S, Weckbach A, Wentzensen A, Wörsdörfer O (1999) Surgical treatment of injuries of
the thoracolumbar transition. 1: Epidemiology. Unfallchirurg 102:924–35

Knop C, Blauth M, Bühren V, Hax PM, Kinzl L, Mutschler W, Pommer A, Ulrich C, Wag-
ner S, Weckbach A, Wentzensen A, Wörsdörfer O (2000) Surgical treatment of injuries of
the thoracolumbar transition. 2: Operation and roentgenologic findings. Unfallchirurg
103:1032–47

Knop C, Blauth M, Bühren V, Arand M, Egbers HJ, Hax PM, Nothwang J, Oestern HJ,
Pizanis A, Roth R, Weckbach A, Wentzensen A (2001) Surgical treatment of injuries of
the thoracolumbar transition – 3: Follow-up examination. Results of a prospective mul-
ti-center study by the “Spinal” Study Group of the German Society of Trauma Surgery.
Unfallchirurg 104:583–600
These three reports summarize the experience based on 682 patients included in a pro-
spective multicenter study by the “Spinal” Study Group of the German Society of Trauma
Surgery. All treatment methods under study were appropriate for achieving comparable
clinical and functional outcome. The internal fixator was found superior in restoration of
the spinal alignment. Best radiological outcomes were achieved by combined stabiliza-
tion. Merely by direct reconstruction of the anterior column the postoperative re-kypho-
sing is prevented and a gain in segmental angle is achieved. However, this benefit was not
reflected in the clinical outcome.

Fehlings MG, Perrin RG (2005) The role and timing of early decompression for cervical
spinal cord injury: Update with a review of recent clinical evidence. Injury S-B13–S-B26
Evidence-based recommendations regarding spinal cord decompression in patients with
acute spinal cord injury.

Beisse R (2006) Endoscopic surgery on the thoracolumbar junction of the spine. Eur
Spine J 15:687–704
This article summarizes the technique and results based on a large patient group from a
German trauma center: A now standardized operating technique, instruments and
implants specially developed for the endoscopic procedure, from angle stable plate and
screw implants to endoscopically implantable vertebral body replacements, have gradu-
ally opened up the entire spectrum of anterior spine surgery to endoscopic techniques.
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Osteoporotic Spine Fractures

Paul F. Heini, Albrecht Popp

Core Messages

✔ Vertebral body compression fractures are the
hallmark of osteoporosis and represent an
increasing health care problem

✔ There is a high morbidity associated with these
fractures

✔ If conservative treatment fails, percutaneous
cement reinforcement appears to be the treat-
ment of choice

✔ Ongoing mechanical pain is associated with
progressive collapse of vertebrae

✔ The surgical procedure requires familiarity

with the technique of percutaneous cement
reinforcement

✔ Cement viscosity is the crucial parameter
regarding the safety of percutaneous cement
reinforcement

✔ Real time high quality fluoroscopy is manda-
tory during cement injection

✔ A combination of cement reinforcement and
internal fixation can help to overcome the
problems associated with poor bone quality
and limited anchoring power of implants

Epidemiology

Vertebral compression

fractures are the hallmark

of osteoporosis

Within the next few decades the increasing number of elderly people will repre-
sent one of the most challenging changes in Western and Asian societies. Muscu-
loskeletal diseases are one of the predominant illnesses and of these osteoporosis
represents the most important. Osteoporotic vertebral body compression frac-
tures (VBCFs) are the hallmark of osteoporosis.

VBCF incidence

rises exponentially

with increasing age

At the age of 75 years, about 25% of all women show at least one fractured ver-
tebra. At the age of 80 years this number grows to 50% [67]. In the United States,
about 700000 new osteoporotic fractures are seen every year, of which one-third
become chronically painful [16, 92]. In the European Union, in 2000, the number
of osteoporotic fractures was estimated at 3.79 million [82]. The incidence of
osteoporotic VBCFs in women older than 50 years is greater than 10 per 1000 per
year and is three times higher after the age of 75 years [2, 16, 83]. Approximately
30–50% of women and 20–30% of men will develop vertebral fractures during
their life, and half of them will develop multiple fractures [47].

VBCFs are related

to serious morbidity

and loss of quality of life

Osteoporotic compression fractures are a leading cause of disability and mor-
bidity in the elderly [15, 29, 43, 83, 85, 87]. Patients with VBCFs show a higher
mortality than the general population [10]. Vertebral fractures contribute to pain
and disability and are associated with declines in physical performance even
when pain is not reported. Indeed, the adverse effect of vertebral fractures on
most activities of daily living is almost as great as that seen for hip fractures [92].
Finally, physical function, self-esteem, body image, and mood can be adversely
affected [29, 55, 85]. The occurrence of one vertebral fracture (even if asymptom-
atic) quadruples the likelihood of a second fracture, and after a second fracture
the risk of further fractures is 12 times higher [58]. The respiratory function is
impaired with increasing deformity of the spine [87].
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Case Introduction

An 82-year-old female presented with severe claudication symptoms which limited her significantly in walking. A myelo-
graphy examination demonstrated a spinal stenosis which was caused by a dislocated dorsoapical fragment of the frac-
tured L4 vertebra (a, b). A kyphoplasty procedure was performed since open surgery with spinal canal decompression
was not possible because of the poor general patient condition (c). The surgery was performed using local anesthesia.
The anterior height of L4 was restored, resulting in an indirect decompression of the spinal canal. The intervention was
carried out without complications and the patient recovered rapidly. The severe leg pain disappeared and the patient
regained her mobility. Three years after the procedure, the patient is still mobile without significant leg pain. The follow-
up radiographs demonstrated a spontaneous fusion between L3 and L4 (d, e).

In the United States, over 1.5 million vertebral fractures per year are attributable
to osteoporosis; these fractures result in 500000 hospitalizations, 800000 emer-
gency room visits, 2.6 million physician visits, 180000 nursing home placements,
and US $12–18 billion in direct health care costs each year [27].

The annual cost of

VBCF treatment is about

EUR 25 billion

The annual cost of treating all osteoporotic fractures in Europe is estimated to
be EUR 25 billion. As the elderly population in Europe increases, this cost will rise
to an estimated EUR 31.8 billion for all osteoporotic fractures by 2025. This figure
is an underestimate, since it assumes there will be no increase in treatment costs
per patient, and no increase in incidence [39]. In Switzerland, the direct medical
cost of hospitalization of patients with osteoporosis and/or related fractures is
SF 357 million. Among other common diseases in women and men, osteoporosis
is ranked number 1 in women and number 2 (behind COPD) in men [59].

Pathogenesis and Definition

Osteoporosis is a progressive systemic skeletal disease characterized by:

) low bone mass and
) microarchitectural deterioration of the bone

leading to increased bone fragility and susceptibility to fracture. There are not
only quantitative but also qualitative changes to the bone. The magnitude of peak
bone mass and the rate of duration of bone loss determine the likelihood of devel-
oping osteoporosis [1] (Fig. 1).

Osteoporosis can be either primary or secondary:

) Primary osteoporosis is either postmenopausal (type 1) or senile osteoporo-
sis (type 2).
) Secondary osteoporosis can be due to metabolic bone diseases (Table 1),

medical treatments, or lifestyle (diet, smoking).

926 Section Fractures



a b

Figure 1. Normal and osteoporotic bone

Osteoporosis is a progressive systemic skeletal disease characterized by low bone mass and microarchitectural deterio-
ration of bone tissue, leading to enhanced bone fragility and susceptibility to fracture. a Normal vertebral body. b Osteo-
porotic vertebral body. The images of osteoporotic bone depict not only the thinning of the trabeculae but also the dis-
torted microarchitecture.

Table 1. Synopsis of metabolic bone diseases

Other meta-
bolic bone
diseases

Etiology Clinical presentation Diagnosis Treatment

Paget’s
disease

Second most common
bone disease after os-
teoporosis. Focal disor-
der of accelerated skel-
etal remodeling (ex-
cessive resorption and
formation) involving
single bones or multi-
ple bones

The disease leads to bone
pain and bone deformity/skel-
etal fragility. Most commonly
involved are the pelvis, the
spine, skull, femur and tibia.
The bone may become scle-
rotic and enlarged showing
bowing deformities and may
fracture. In affected spines
nerve root and spinal cord
compression can occur

X-rays show typical
bony changes with
increased density and
deformities. Bone
metabolism is in-
creased. In bone
scans the affected
bones show an in-
creased activity

There is no cure for Paget’s
disease. Bisphosphonates
and calcitonin decrease
the rate of bone resorp-
tion

Osteomala-
cia (rickets)

Term for bony abnor-
malities for more than
50 different etiologies.
This includes (a) abnor-
mal vitamin D metabo-
lism, (b) phosphate de-
ficiency, (c) other with
normal vitamin D and
phosphate metabolism

Rickets is the disease of the
growing skeleton and osteo-
malacia is the disorder of the
mature bone. Usually the con-
dition is asymptomatic and
multiple skeletal pain can be
present as well as muscle
weakness and wasting. Frac-
tures may occur after minor
trauma. In children various
skeletal deformities can be
present

In (a): low vitamin D
and normal to low
Ca level in the blood
(secondary hyper-
parathyroidism)

Correct hypocalcemia and
the deficiency of active vi-
tamin D metabolites. The
choice for the different
vitamin D preparations is
the underlying pathologic
defect of vitamin D metab-
olism

In (b): hypophospha-
temia and hyper-
phosphaturia
In (c): decreased or
increased alkaline
phosphatase
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Table 1. (Cont.)

Other metabolic bone
diseases

Etiology Clinical presentation Diagnosis Treatment

Multiple myeloma is a
cancer of plasma cells
(antibody-producing cells
of the bone marrow)

Myeloma cells acti-
vate osteoclast
cells, which destroy
bone, and block
osteoblast cells,
which normally
repair damaged
bone. The likeli-
hood of myeloma
increases with age

Approximately 70 % of my-
eloma patients experience
pain of varying intensity,
often in the lower back.
Sudden severe pain can be
a sign of fracture or col-
lapse of a vertebra. Pa-
tients also have general
malaise and vague com-
plaints

Abnormal or
monoclonal pro-
tein produced by
the myeloma cells
is released into
the bloodstream
and can pass into
the urine (Bence
Jones protein)

It is not yet possible to
cure myeloma, although
it is possible to improve
the clinical status and the
survival in patients
through the use of bis-
phosphonates, chemo-
therapy, alpha-interferon
and, possibly, bone mar-
row transplants

Primary hyperparathy-
roidism is a benign over-
production of parathy-
roid hormone by the
parathyroid glands

Unknown, hyper-
parathyroidism
leads through an
increased bone re-
sorption and intes-
tinal absorption to
hypercalcemia and
later hypercalciuria
as well

The mild form is asymp-
tomatic or osteoporosis
occurs. But with severe
hypercalcemia, fatigue,
muscle weakness, joint
and abdominal pain can
be observed. Chronic
hypercalciuria may lead to
nephrolithiasis

Increased para-
thyroid hormone
and hypercalce-
mia/hypophos-
phatemia is pre-
sent

The only cure for primary
hyperparathyroidism is
surgical removal of the
affected gland(s). Guide-
lines indicate when sur-
gery should be recom-
mended. To control hy-
percalcemia and protect
the bone, bisphosphona-
tes have shown to be ef-
fective

Osteopetrosis is a con-
genital condition present
at birth in which the
bones are overly dense

The osteoclasts are
either fewer in
number or are inef-
fective in bone re-
sorption. There are
three major types
of osteopetrosis:
the malignant in-
fantile, the inter-
mediate and the
adult form

Fractures (because the
bones, although dense,
are also weak), frequent
infections (due to im-
paired white blood cell
production) and blindness,
deafness and strokes

Hyperdense
bones are found
on X-ray. If sus-
pected, bone bi-
opsy is indicated

Interferon gamma-1B,
high dose calcitriol and
prednisone stimulate the
osteoclasts. In infantile
osteopetrosis bone mar-
row transplantation is an
option

Fibrous dysplasia is a
chronic disorder of the
skeleton that causes ex-
pansion of one or more
bones due to abnormal
development of the fi-
brous, or connective, tis-
sue within the bone. The
abnormality will cause
uneven growth, brittle-
ness and deformity in
affected bones. There is
no evidence, however,
that the disorder can be
inherited

Fibrous dysplasia
may be caused by
a chemical abnor-
mality in a protein
in the bone that
leads to an over-
growth of bone
cells that produce
fibrous tissue

Bone pain may occur due
to the expanding fibrous
tissue in the bone. Bone
deformity caused by fi-
brous dysplasia is most
obvious when it occurs in
the skull and facial bones
with blindness and deaf-
ness. Even though the fi-
brous tissue thickens, the
bone itself becomes frag-
ile and fractures can occur

The bones affect-
ed by fibrous
dysplasia usually
have a character-
istic appearance
on X-ray. When
there is doubt
about the diagno-
sis, a doctor may
obtain a small
bone specimen
for examination
by a pathologist

Beyond surgical treat-
ment, including orthope-
dic and neurologic sur-
gery, multiple intrave-
nous infusions of pamid-
ronate have been re-
ported to relieve bone
pain and lessen the
extent of the disease in
some patients with
fibrous dysplasia

Skeletal mass and density remain fairly constant once growth has stopped. The
distribution of bone mineral density (BMD) in healthy young adults follows
approximately a Gaussian distribution. Because of the Gaussian distribution,
bone density values in individuals can be expressed as a relation to a reference
population in standard deviation units (SDs) [79]. This reduces the difficulties
associated with differences in the calibration between instruments. When SDs
are used in relation to the healthy young population, this measurement is referred
to as the T-score (Fig. 2) [46].

Osteoporosis is defined

as a T-score below –2.5

Dual-energy X-ray absorptiometry (DEXA) is used for BMD assessment. In
1994, the World Health Organization (WHO) Working Group established some
guidelines related to the SD for BMD as compared to a young adult female refer-
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Figure 2. Bone mineral density

Distribution of bone mineral density (BMD) in
healthy women aged 30 – 40 years [46].

ence population. This so-called T-score is the number of SDs that the bone den-
sity is above or below the average value for the reference population. Four general
diagnostic categories have been distinguished:

BMD can be differentiated

into four categories

) normal: BMD equal to or more than –1 SD (T-score –1)
) osteopenia: BMD between –1 SD and –2.5 SD (T-score <–1)
) osteoporosis: BMD less than –2.5 SD (T-score <–2.5)
) severe osteoporosis: BMD less than –2.5 SD in the presence of one or more

fragility fractures.

For diagnosis, measurements of BMD at the hip and the lumbar spine are the gold
standard.

Besides the diagnostic use of bone densitometry, these measurements have an
additional prognostic value with respect to fracture probability: the age-adjusted
relative increase in risk (e.g., of vertebral fracture) is 2.3 for every one SD
decrease in lumbar BMD [61].

Classification of Vertebral Body Compression Fractures

Unlike traumatic fractures, osteoporotic vertebral body fractures can be difficult
to diagnose on conventional radiographs. The fracture patterns often do not fit
into fracture classifications known from spinal trauma [60]. For this purpose
morphometric criteria were established for diagnosing incident fractures (Fig. 3)
[28, 68]. From the spine surgeon’s perspective, the assessment of an osteoporotic
fracture includes consideration of the following criteria (Fig. 4):

From a surgical perspective,

the differentiation of acute

and old fractures is most

important

) acute and subacute single level fractures
) fractures with persistent instability
) (multiple) fractures with progressive/creeping vertebral collapse and loss of

sagittal balance and posture
) vertebral fractures with subsequent spinal stenosis/neural compression
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Figure 3. Morphometric criteria

Typical morphometric criteria for diagnosing incident fractures: Melton
[68] defines a vertebral fracture as present if any of the ratios AH/PH, MH/
PH, PH/PH1, PH/Ph-1 of a vertebra are less than 85 % of the mean ratio in
normal women for that vertebral level. Semiquantitative evaluation
describes a mild grade 1 deformity as a 20 – 25 % reduction in anterior,
middle and/or posterior height and a 10 – 20 % reduction in area. A mod-
erate grade 2 deformity is defined as a 25 – 40 % reduction in any height
and a 20 – 40 % reduction in area, and a severe grade 3 deformity is
defined as a 40 % reduction in any height and area [28].

a b c d

Figure 4. Spectrum of osteoporotic vertebral fractures

a Simple compression fracture with ongoing pain 2 months after onset. b Non-union 6 months after fracture of T11. The
persisting instability causes pain during change of position. c Fractures of multiple vertebrae are responsible for loss of
posture and neck pain in order to compensate for the deformed thoracic spine. d Fracture of T7 with concomitant spinal
canal encroachment and compression of the spinal cord.

Clinical Presentation

History

The medical history appears crucial for the clinical appraisal. However, the
symptoms are often misinterpreted. Overall, only about one-third of all vertebral

Less than 10 % of VBCFs

necessitate in-hospital

treatment

fractures come to clinical attention and less than 10% necessitate admission to
hospital. The incidence of vertebral fractures is underreported. The low rate of
clinical vertebral fracture diagnosis may be related in part to the lack of a trau-
matic precipitating event (only 25% of vertebral fractures result from falls), and
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Figure 5. The scale of
vertebral fractures

Data according to Cooper et
al. [16].

therefore the symptoms are often misinterpreted as muscle strain instead. Most
clinically diagnosed fractures (84%) are detected during investigation for back
pain; the remaining 16% without pain may be old fractures that are detected
incidentally during a radiological work-up (Fig. 5) [92].

Most VBCFs cause acute

sharp localized pain

The cardinal symptoms of acute osteoporotic vertebral fractures are:

) acute onset, often initially breathtaking
) sharp localized, girdle like pain
) sensation of a crack in the back

Pain persistence indicates

further collapse risk

Fractures are most often associated with physical activity (lifting of weights).
However, they can also occur spontaneously. In the majority of patients, the pain
subsides spontaneously within a couple of weeks. Persisting pain is a hallmark of
ongoing instability with progressive loss of vertebral body height.

Severe positional pain

indicates putative

non-union

Therefore, patients should be monitored carefully with repeated X-ray examina-
tions. Severe mechanical back pain for weeks or even months during positional
changes (e.g., getting up from the supine position) leads one to suspect a non-union
with persisting instability. This can be verified by comparing the standing X-ray
with an investigation taken with the patient in the supine position such as an MRI
scan (Fig. 6). However, a hyperextension cross table view depicts the difference
between the standing and supine positions more accurately. Diffuse mechanical
back pain of the whole thoracic or lumbar spine can be found in severe osteoporosis.

More and more frequently, we observe patients complaining about claudica-
tion like symptoms or sciatica after a VBCF. Usually, the symptoms subside while
lying down and are accentuated in the upright position. If a narrowing of the spi-
nal canal occurs, the patient can present with:

) radiculopathy
) claudication symptoms
) myelopathic symptoms with gait abnormalities and/or ataxia (thoracic frac-

tures)
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Figure 6. Positional differences

Patient with persisting pain 6 months after a T11 fracture. The pain is severe during the change from supine to sitting
position. a The radiograph shows a nearly complete collapse of T11 with a severe kyphotic deformity. b In the MRI scan
there is some degree of spontaneous correction of the kyphosis in comparison to the standing X-ray, which demon-
strates the segmental instability.

The history should also include a search for risks of a new osteoporotic fracture
(Table 2) [45].

Table 2. Risk factors for VBCF

Age

) previous fragility fracture
) low bone mineral density (BMD, T-score)
) glucocorticoid therapy
) high bone turnover
) family history of hip fracture
) poor visual acuity
) low body weight
) neuromuscular disorders
) cigarette smoking
) excessive alcohol consumption
) long-term immobilization
) low dietary calcium intake
) vitamin D deficiency

According to Kanis [45]
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Physical Findings

The clinical examination

is rarely helpful for the

diagnosis of a VBCF

The clinical examination is not conclusive in the majority of cases. Frequent but
non-specific physical findings are:

) local tenderness
) painful motion examination
) pain provocation in flexion and rarely in extension

A thorough neurological

exam is compulsory

However, a thorough neurological examination is absolutely mandatory to rule
out a neural compression syndrome. It is recommended to measure the body
height of patients. This can be used as a reference in further follow-up controls.
The sagittal balance of the spine should be assessed because a sagittal decompen-
sation indicates an increased risk of progressive kyphosis. Furthermore, a thor-
ough general medical assessment is required to rule out secondary causes of the
fracture and to establish a differential diagnosis.

Diagnostic Work-up

Imaging Studies

Standard Radiographs

Standard radiographs

remain essential

for diagnosis

The investigation of choice remains a standing X-ray of the region of interest in
two planes. If there is a concordance of the clinical and imaging investigations, no
further examinations are needed. The comparison with older X-rays can be help-
ful (patients may have had previous chest X-rays). If the fracture pattern or the
patient’s history (red flags, see Chapter 6 ) is not clear, further imaging studies
are necessary. “Instability” can be identified by comparing a standing X-ray with
the MRI or CT scan taken with the patient in a supine position. Alternatively, a
hyperextension cross table view can provide the same information (Fig. 6). This
provides further information about the potential for achieving some reduction
when the patient is positioned prone during surgery [66].

Computed Tomography

CT best depicts

the bony anatomy

A CT scan can be useful for assessment of the bony anatomy. If the exact fracture
pattern is difficult to appraise, a CT scan with reformatted pictures in the sagittal
and coronal planes should be performed. The evaluation of tumors with a CT
scan shows the exact bony destruction and is recommended before cement rein-
forcement is considered.

Magnetic Resonance Imaging

MRI differentiates acute

and old fractures

An MRI investigation is recommended if the findings on standard X-rays
are not obvious, especially if there are preexisting fractures of which the age is
not known. The MRI though allows fresh osteoporotic fractures to be iden-
tified.

MRI differentiates tumor

and osteoporosis

Also a metastatic lesion can be ruled out on the MRI scan. The T2-weighted
(T2W) image can depict a bone marrow edema which can be verified further
with a fluid sensitive sequence [e.g., short tau inversion recovery sequence
(STIR), Fig. 7, Table 3]. An osteoporotic fracture is differentiated from another
pathologic fracture if the pattern of signal change in the T1W and especially in
the T2W image is not as homogeneous. A high signal intensity in T1W images
(resembling fat) argues for an osteoporotic fracture. Sometimes imaging is not
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Figure 7. Differential diagnosis

Comparison of MR findings of a metastatic lesion (rhabdomyosarcoma) and an osteoporotic fracture with T1- and
T2-weighted images as well as with STIR sequences (see Table 2).

Table 3. MR findings

Pathology MR sequence
T1W T2W STIR

Osteoporotic fracture Dark signal Clear signal, located close to
the fractured endplate

Clear signal involving the whole
vertebra

Metastatic lesion Different patterns depending
on the underlying tumor

Signal change includes the
major part of the vertebra

Clear signal of the whole vertebra

able to give a definitive answer. In these cases, a CT-guided biopsy should be
obtained prior to cement reinforcement.

Radionuclide Studies

Radionuclide studies are

helpful in differentiating

tumors and generalized

bone disease

When a tumorous lesion or another generalized bone disease is suspected, a bone
scan is indicated. Furthermore, if a patient is not suitable for an MRI scan (e.g.,
pacemaker, claustrophobia), a bone scan can be performed to detect a fresh frac-
ture. Of note, a bone scan shows a high sensitivity but is not specific.

Densitometry

If a patient presents with an osteoporotic spine, the BMD should be determined.
There are two methods for the assessment of the BMD.
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Dual-Energy X-ray Absorptiometry

DEXA has become

the modality of choice

for BMD assessment

Dual-energy X-ray absorptiometry (DEXA) determines the bone density per
area measured (mg/cm2). For diagnosis, measurements of BMD at the hip and
the lumbar spine are the gold standard. The method is simple, fast and reliable.
It became the standard assessment for osteoporosis and is especially helpful in
monitoring the effect of medical treatment. Besides the diagnostic use of bone
densitometry, these measurements have an additional prognostic value with
respect to fracture probability.

High-Resolution Quantitative Peripheral Computed Tomography

High-resolution quantitative peripheral computed tomography (hrpQCT) is a
more sophisticated method for the assessment of the BMD. It allows a volumetric
measure of the bone density (mg/cm3) and can differentiate between cancellous
and cortical bone. Despite the higher sensitivity of this method compared to
DEXA, which allows small changes of bone density and structure also to be
detected, it did not gain widespread use in clinical practice and is of more impor-
tance in the scientific field [19].

Bone Biopsy

A bone biopsy is required

in equivocal cases of a

tumorous lesion

A biopsy is indicated if the preexisting cause of a fracture cannot be determined
in order to rule out a tumorous lesion. It is not performed routinely although the
incidence of unexpected cases of plasma cell dyscrasia in a series of 142 patients
undergoing a kyphoplasty procedure was 3% [96]. In rare instances, assessment
of bone metabolism necessitates a biopsy.

Laboratory Investigations

The laboratory work aims to rule out secondary osteoporosis and to investigate
the bone metabolism:

) alkaline phosphatase: Raised serum levels are found in the presence of an
increased bone turnover or mineralization disorders. In osteoporosis, the
values are usually within the normal range or slightly raised.
) osteocalcin: plays a role in the mineralization of the osteoid. Increased

levels are found in renal failure and during treatment with calcitriol.
) desoxypyridinoline: This substance is released during bone resorption and

secreted by the kidneys and can be traced in the urine.

Table 4 provides an overview of the specific laboratory parameters for the evalu-
ation of different aspects of bone metabolism disorders.

Table 4. Laboratory assessment

Level 1 (exclusion of secondary osteoporosis):
Ca, P, alkaline phosphatase, osteocalcin, creatinine, bilirubin, SGOT, SGPT, BSR, serum and
urine immunoelectrophoresis, blood cell count, urine status

Level 2 (clinical suspicion of secondary osteoporosis):
25(OH)D3 (malabsorption), parathyroid hormone, T4, TSH, testosterone, 1,25(OH)2D3 (renal
osteodystrophy)

Level 3 (dynamics of bone metabolism):
Osteocalcin (bone formation parameter), desoxypyridinoline/creatinine ratio (bone resorp-
tion parameter)
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Non-operative Treatment

Conservative Fracture Management

Carefully monitor patients

to avoid progressive

kyphotic collapse

and sagittal imbalance

Treatment of VBCF is empirical. Only about one-third of all fractures come to clin-
ical attention and less than 10% necessitate hospital admission (Fig. 5) [16]. In the
latter group, however, a high percentage become chronically painful due to non-
union or spinal deformity [16, 92]. Bed rest for a few days and pain medication are
the first measures of treatment. Bracing may be applied, but this is often not suit-
able in the older age group and the effect is questionable [51]. The first aim of con-
servative treatment is to monitor the patient and avoid a collapse of a vertebral
body with consecutive kyphosis and loss of sagittal balance. Pain is the crucial
parameter. If there is any doubt, serial radiographic controls should be performed.

Medical Treatment

Every patient with VBCF

should be evaluated

by an osteologist

Patients with fractures after inadequate trauma are likely to be osteoporotic.
Besides the treatment of the fracture, patients should be evaluated by an osteolo-
gist with regard to a formal assessment of bone metabolism and adequate medi-
cal treatment.

Osteoporosis requires

appropriate systemic

medical treatment

Treatment of osteoporosis focuses on agents that:

) prevent bone loss
) increase bone mass

The main goal of conservative treatment is to reduce the number of fragility frac-
tures. Osteoporosis, however, is a multifactorial disease, and skeletal fragility
results from various factors. Thus, achievement of optimal bone metabolism
should be the aim throughout life, by age-specific non-pharmacological inter-
vention first and adequate medication where needed.

In the past 10 years, large double-blind placebo-controlled trials have been
performed to assess the efficacy of medical treatment in postmenopausal women
with incident vertebral and non-vertebral fractures as a primary endpoint
(Table 5). The treatment focuses on:

) restoration/maintenance of calcium and vitamin D metabolism
) inhibition of bone resorption by biphosphonates

The relative fracture risk is reduced 30–60% by these drugs. The absolute risk
reduction is between 5% and 10%. Out of 1000 women with osteoporosis, about

Table 5. Pharmacological treatment for fracture prevention

Drug Vertebral fractures Non-vertebral fractures

Alendronate +++ ++
Calcitonin (nasal) + 0
Etidronate + 0
Fluoride ± –
Hormone replacement therapya + 0
Parathyroid hormoneb +++ ++
Raloxifene +++ 0
Risedronate +++ ++
Vitamin D derivatives ± 0

+++ strong evidence, ++ good evidence, + some evidence for the efficacy of treatment to pre-
vent fractures (in addition to the effects of calcium and/or vitamin D based on RCT [20]),
± equivocal, 0 no effects, – negative effects.
a Evidence derived mainly from observational studies.
b Effect on hip fractures not documented.
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Table 6. Risk reduction for vertebral fractures (according to Delmas [20])

Drug Mean age
(years)

Number of patients
randomized

Fracture incidence (%) Risk reduction (%)

Placebo Drug Rel. Abs.

Alendronate 5 – 10 mg 71 2 007 15 8 47 7
Calcitonin 200 IU 69 557 16 11 25 4
Raloxifene 60 mg 68 1 539 21 15 29 6
Risendronate 5 mg 69 1 628 16 11 25 5
Risendronate 5 mg 71 815 29 18 38 11
Recombinant human 1 – 34

PTH 20 μg
69 892 14 5 64 9

150 will show a VBCF within one year. With medical treatment the number of
fractures will be about 80 (9%). The absolute risk reduction is 6%, and the relative

Approximately 15 %

of individuals continue

to experience pain despite

osteoporosis treatment

risk reduction is 60 out of 150 (40%) [20] (Table 6). However, as many as one-
third of patients continue to experience pain. Approximately 15% of individuals
continue to sustain fractures despite therapy. Furthermore there is a consider-
able number of non-responders and non-compliant patients [20, 24, 58, 83].

Medical treatment includes (Tables 4, 5):

) calcium
) vitamin D
) bisphosphonates
) raloxifene
) hormone replacement
) parathormone

A calcium intake of at least 1 g per day should be achieved and is supplemented
if dietary intake is not sufficient. Vitamin D intake is about 200–400 IU per day.

Operative Treatment

General Principles

The majority of VBCFs respond well to non-operative treatment. However, about
one-third of vertebral fractures become chronically painful [16] and 10% need
hospital admission [92]. However, the number of patients who need surgical
treatment remains obscure. The indications for and the goals of surgical treat-
ment are (Table 7):

Table 7. Indications and goals for surgical treatment

Indication Goal

) Mechanical pain ) Stabilization of the spine/vertebra
) Claudication/sciatica ) Decompression of the spinal canal
) (Severe) deformity ) Restoration of anatomy

Surgical Principles

The surgical principles applicable for the treatment of VBCFs depend on:

) fracture location
) type of fracture
) number of involved vertebrae
) compromise of neural structures
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The spectrum of surgical options includes:

) simple percutaneous cement reinforcement (vertebroplasty)
) restoration of vertebral body height by kyphoplasty or lordoplasty
) open surgical intervention with decompression and instrumentation
) combined procedures with internal fixation and cement reinforcement

Vertebroplasty

Over the last decade, the approach towards osteoporotic VBCF has changed. The
possibility of percutaneous cement injection into the vertebral body offers a new
and extremely efficient treatment option. The technique is rather simple from a
spine surgeon’s perspective. However, the critical aspect of the treatment repre-
sents cement leakage. Following the technical recommendations (Tables 8, 9), the
procedure can be performed safely.

Vertebroplasty is indicated

after failed non-operative

treatment

The indications and contraindications for vertebroplasty (VB) are listed in
Tables 10 and 11. The main indication represents acute and subacute VBCF due
to osteoporosis after non-operative treatment has failed.

In this group of patients, percutaneous reinforcement provides a major pain
improvement in more than 80% of cases and prevents the further vertebral col-

Table 8. Key points of surgical technique

) high quality C-arm ) direct cement application with small syringes (1 cc, 2 cc)
) guidewire ) cement with high radiopacity
) large diameter cannulas (8G) ) Cement with high/adapted viscosity

Table 9. Steps of surgical technique

) positioning and monitoring of patient, i.v. line
) image control previous to draping, marking of levels to be treated
) local anesthesia in line with the pedicle (unless general anesthesia is used)
) stab incision and preliminary placement of guidewire(s)
) readjustment and definitive placement of guidewire(s)
) placement of filling cannulas
) preparation of cement according to recommendations of producer, distribution into

small syringes
) cement application with adequate viscosity, high viscous cement is inserted with the aid

of 1 cc syringes or the trocar
) cannula removal after curing of the cement

Table 10. Indications for vertebroplasty

) ongoing pain for more than 2 weeks after occurrence of a new fracture
) severe pain; patients remain bedridden for more than 4 days
) progressive compression fractures of one or multiple vertebrae with subsequent loss of

posture
) non-union with persisting instability (Kummel-Verneuil disease)
) combined procedures with internal fixation in severe osteoporosis

Table 11. Contraindications for vertebroplasty

) pain unlikely to be related to a fracture
) infection
) blood clotting disorders
) neurological compromise
) impaired visibility during surgery
) poor general state of patient, unable to stand in prone position
) if an open procedure appears more appropriate
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Table 12. Results of vertebroplasty

Reference Patient
number

Levels
treated

Duration of FU Pain im-
proved

(%)

Complications/remarks

Prospective case series

McKiernan [65] 46 66 6 months none

Zoarski [105] 30 54 15 – 18 months 96 none, 2 local leaks, not symptomatic

Perez-Higueras [77] 13 27 60 months 12/13 2 transitory neuritis, local leakage 48 %,
3 adjacent fractures

McGraw [64] 100 156 21 months 93 1 sternal fracture, 1 transient neuritis

Heini [37] 17 45 12 months 76 % none/local leakage in 20 %, clinically
insignificant

Cortet [17] 16 20 6 months – no complications

McKiernan [66] 41 65 2 weeks – dynamic fracture mobility present in
44 % of patients

Retrospective case series

Barr [4] 39 70 18 months (2 – 42) 95 1 transient neuritis

Hodler [38] 152 363 8.8 months
(1 – 24)

86 71 % local leakage without clinical
sequelae

Jensen [41] 29 47 – 90

Brown [9] 41 77 15.8 months
(6 – 28)

80 fractures older than 12 months

Maynard [63] 27 35 – 93 patients with positive bone scan

Cyteval [18] 20 nm – 75 one leakage into psoas, one adjacent
level fracture

Kaufmann [48] 75 122 7 days – preprocedural pain medication and
activity level = predictive for outcome

Peh [76] 37 48 11 months (3 – 24) 97 43 % leakage without clinical symptoms

lapse [37]. Even in older fractures, VP can still be effective [9]. In patients with
severe osteoporosis and rapidly developing fractures, the reinforcement of multi-
ple levels is an efficient means to preserve posture and prevent further collapse
(Fig. 4) [36]. A non-union after a VBCF can occur in up to 40% of patients [66].
In these situations cementing of the defect provides stability (Fig. 6).

Vertebroplasty improves

pain in about 80 – 90 %

of patients

The treatment of osteoporotic VBCF by percutaneous cement injection has
become a well established treatment option. Several prospective case series have
been published and confirm a rapid and lasting pain relief in 80–90% of patients
(Table 11) [4, 23, 36–38, 77]. In fresh fractures the pain improvement is seen in
93% of patients [63]. But also in older lesions the treatment can be effective in as
many as 80% of patients (Table 12) [9, 48].

The scientific evidence

for the superiority of

vertebroplasty compared

to non-operative care

is still lacking

However, there are no randomized controlled trial (RCT) studies to compare
this treatment with conservative measures. Besides the rapid pain reduction, an
important aspect of vertebroplasty is the prevention of further collapse of the VB
[36]. Restoration of lordosis after a VBFC can be attempted if the fracture is still
mobile [100]. This is applicable in non-unions, which can occur in up to 40% [66]
just by placing the patient in hyperextension. Furthermore, this can be achieved
in fractures that are up to 2 months old.

Pitfalls of Cement Reinforcement

Complications (Table 13) related to percutaneous cement reinforcement may
occur due to:

) Positioning of the patient (fragility fractures of the rib, prone position
alone)
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Table 13. Complications reported for vertebroplasty and kyphoplasty

Rib and sternal fractures few case reports [41, 56, 64]

Technical complications pedicle fractures [21, 44]

fracture of transverse process [21]
spinal cord injury during cannula placement [26]

Infection 4 case reports [44, 88, 101, 104]

Cement leakage severe complication after pulmonary cement embolism [11,
25, 69, 93, 94, 97]

oligosymptomatic cement embolism [5, 7, 74, 79]
neurological complication [12, 53, 91, 103]
renal cement embolism [13]
cerebral cement embolization [90]

Fat embolism fatal outcome due to fat embolism [94]

Adjacent fractures increased risk after VP [6, 30, 50, 57, 98]
not significantly increased [54, 95]

) Anesthesia
) Placement of cannula
) Cement injection

The inherent problems associated with any percutaneous cement injection tech-
nique are:

) cement extravasation with compromise of neural structures
) cement embolization

Although local cement leakage is well tolerated in most cases, if cement leaks into
the spinal canal, it is potentially deleterious and the resulting neural damage
often irreversible. Furthermore systemic reactions during cement injection can
occur which might be related to the leaking of the toxic cement monomer in the
blood circulation. In the literature many reports of complications can be found
[7, 32, 75, 81, 86, 90, 97, 99, 103].

Cement leakage into

the spinal canal is the most

serious complication

The frequency of local cement leakage in vertebroplasty is reported to be
between 3% and 75% [80]. This wide variance depends on technique of assess-
ment, i.e., radiographs are less reliable than CT [89].

In order to minimize the extravasation risk, it is strongly advocated to respect
strictly the following recommendations:

) use of large diameter cannulas
) inject cement with enhanced radiopacity
) be aware of the key factor cement viscosity [8]

The surgical guidelines

must be strictly respected

The use of small syringes allows direct control of the cement flow [3]. Any suspi-
cious cement flow behavior must lead to immediate discontinuation of injection.
The filling behavior is changing with increasing viscosity – if the cement flow
does not behave as expected, one should pause for 45 s and reinject a small
amount of cement.

Pulmonary cement

embolism is a potentially

lethal complication

Reinforcement of the osteoporotic VB means substitution of the bone marrow
with cement. The fatty bone marrow is expelled into the circulation and is cleared
in the lungs [94]. Therefore the maximal amount of cement that is injected per
session is restricted to 25 cc; in other words not more than six levels should be
reinforced per session [36].
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Risk of Adjacent Vertebral Fractures

The risk of adjacent level

fractures appears to be

increased after vertebroplasty

The risk of a fracture in the adjacent levels seems to be increased after cement rein-
forcement [6, 30, 50, 98]. However, the natural history of osteoporotic VBCF needs
to be taken into consideration, as the risk of a new fracture rises exponentially with
increasing number of fractures [58, 84]. Therefore patients and their post-treat-
ment doctors should be informed about controlling the situation if new pain does
appear. In such cases, reinforcement of the adjacent vertebrae should be performed.

Of course, during the placement of the cannula itself there is the potential risk
of an injury of the neural structures. Familiarity with the spinal anatomy and
experience with open surgery is therefore mandatory. The occurrence of rib frac-
tures during positioning might occur. Complications associated with local anes-
thetic can occur in very rare instances.

Kyphoplasty and Lordoplasty

Kyphoplasty aims to correct

kyphosis and height loss

Vertebroplasty does not per se allow the restoration of the kyphotic deformity
(unless the positioning itself provides some correction; Fig. 6). VP stabilizes the
fractured vertebral body in situ. Kyphoplasty was therefore promoted to restore
the VB height and correct the kyphotic deformity and realign the spine [26, 102].

Lordotic positioning

is an important component

of kyphoplasty

Height restoration and decrease in cement leakage are the main points that dif-
ferentiate this technique from vertebroplasty [70, 78]. However, the potential of
kyphosis reduction appears to be moderate. The absolute correction of the
kyphotic angle is reported with an average of 8.5 degrees [35, 56] without taking
into consideration the spontaneous correction due to positioning [100] (Table 14).

Table 14. Comparison of kyphoplasty and lordoplasty

Kyphoplasty Lordoplasty

Number of patients 27 pts. 31 pts.
Min. FU >1 year >1 year
Average kyphosis correction 8.5° (47 %) 14° (68 %)
Cost (euros) 3 000 300

Based on a prospective case series [73]

Its excessive cost and more complex procedure on one hand and the improved
surgical technique in vertebroplasty by injecting high viscosity cement, with a
rate of leakage no different from that of kyphoplasty on the other hand, place a
questionmark over its usefulness. Its indications are restricted to selected cases
where height loss is associated with a spinal stenosis and its restoration can
relieve the symptoms or in cases of traumatic fractures where the repositioning
of the endplate is attempted (Case Introduction). Furthermore the cavity forma-
tion might be of help in difficult indications for tumorous lesions [31, 35, 62, 70].

Lordoplasty is an effective

alternative to kyphoplasty

Alternatively, a lordoplasty procedure can be performed. Analogous to the
established principle of the “fixateur interne,” an indirect reduction maneuver is
performed [22]. The vertebral bodies above and below the fracture are instru-
mented with cannulas and reinforced in a classical technique. After curing of the
cement, the cannulas are used as a lever and the collapsed VB is reduced and
maintained in this position until the cement is injected and cured in the fractured
vertebra [35]. This principle might be combined with a kyphoplasty procedure
and help to overcome a shortcoming of kyphoplasty, i.e., the partial loss of initial
reduction after deflation of the balloons [100]. The resulting segmental kyphosis
correction was 14° on average measured one year postoperatively in a prospec-
tive series of 31 patients for the lordoplasty procedure and 8.5° for kyphoplasty
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(Table 14) [73]. The indication for this procedure is given if a relevant kyphotic

deformity is present that still has a potential for reduction.

Combined Procedures

Cases of VBCF with subsequent neural compromise due to a deformity (thoracic
kyphosis) or instability (lumbar spinal stenosis, Fig. 4d) are seen with increasing
frequency [33, 34, 49, 52, 72]. Displaced fragments may narrow the spinal canal
with subsequent compression of the myelon or nerves. Due to the height loss, a
foraminal narrowing may lead to nerve root compression. The fact of increasing
incidence of spinal stenosis per se and the high risk of osteoporotic fractures
seems to boost the frequency of acute exacerbation of these groups of patients
where only open surgery with decompression and stabilization can help to solve
the problem [14, 40, 42, 71].

Pedicle screw fixation with

cement reinforcement

allows even fragile

vertebrae to be stabilized

A surgical decompression procedure only, without stabilization, provides
unsatisfactory results for this kind of problem – the decompressive measure will
further compromise the mechanical stability [49, 71]. Any closed measures with
cement reinforcement will not relieve symptoms derived from a spinal stenosis
as long as the collapsed segment cannot be restored (see below). An open proce-
dure with decompression of the spinal canal and internal fixation and fusion is
usually required. However, the problem of anchoring the implants in the osteo-
porotic bone on one hand and the risk of new fractures adjacent to the stabilized
part of the spine needs to be addressed. Combined internal fixation with cemen-
ted screws and the reinforcement of adjacent levels can help to overcome the
troubles associated with these osteoporotic spines and allow the same technical
principles to be applied as in healthy bone. The combination of internal fixation
and cement reinforcement appears extremely helpful.

Prophylactic vertebroplasty

of an adjacent vertebra

must be considered

However, in our series of 21 patients who were treated in this manner, five out
of eight who received only a cement fixation of screws showed a fracture of the
adjacent vertebrae within 2–6 weeks after the stabilization, and needed an exten-
sion of the fixation. Therefore it appears mandatory to reinforce the adjacent ver-
tebrae in order to prevent this complication.

Recapitulation

Epidemiology. Osteoporotic vertebral body com-
pression fractures (VBCFs) are the hallmark of oste-

oporosis and are frequent. Approximately 30 – 50 %
of women and 20 – 30 % of men will develop verte-
bral fractures during their life, and half of them will
develop multiple fractures. The socioeconomic
costs of this problem are enormous.

Pathogenesis and classification. Osteoporosis is the
result of an imbalance between bone formation and
bone loss. Osteoporosis can be either primary or sec-
ondary. Primary osteoporosis is either postmeno-
pausal (type 1) or senile osteoporosis (type 2). Sec-

ondary osteoporosis can be due to diseases, medical
treatments, or lifestyle (diet, smoking). Osteoporosis
is defined as a bone mineral density below 2.5 SD of
the mean for a young adult reference population.

Clinical presentation. Patients who acquire a frac-
ture can be asymptomatic. The cardinal symptoms

of acute osteoporotic vertebral fractures are acute,
sharp girdle like pain that can be breathtaking ini-
tially. The pain is often misconceived as back strain
and is not further diagnosed unless more severe
problems occur. The physical findings are almost al-
ways non-specific. However, neurologic assessment
is mandatory to rule out neural compromise.

Diagnostic work-up. The assessment of patients
with VBCFs should include a formal evaluation of
the underlying osteoporosis as a systemic disease
(laboratory testing, DEXA scan). A tumorous lesion
or secondary osteoporosis must be excluded. Stan-
dard radiographs remain the method of choice in
the diagnostic work-up. An MRI scan is necessary to
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determine whether a fracture is acute or has
already healed by using a fluid-sensitive sequence
(e.g. STIR). A CT scan is helpful to better assess the
fracture type and anatomy.

Non-operative treatment. Medical treatment of
the osteoporosis is mandatory after a thorough
osteologic assessment. The majority of patients
with osteoporotic vertebral fractures become pain
free within a few days or weeks. Bed rest for a few
days may be necessary. Painkillers should be pre-
scribed. Non-operative treatment means careful
follow-up of the patients. Severe pain that is persist-
ing means a progression of vertebral collapse and

patients should obtain a follow-up X-ray examina-
tion.

Operative treatment. Vertebroplasty is the treat-
ment of choice for severely painful fractures. This
leads to immediate pain relief in up to 90 % of cases
and prevents further collapse of the vertebrae
while helping to preserve spinal alignment and bal-
ance. If a complex fracture is present, which means
a concomitant neurological compression and/or a
severe spinal deformity, open surgical treatment is
advocated. In these cases a combination of cement
reinforcement and internal fixation might be neces-
sary in order to achieve sufficient stability.

Key Articles

Delmas PD (2002) Treatment of postmenopausal osteoporosis. Lancet 359:2018–26
Excellent review on the medical treatment of osteoporosis.

Hodler J, Peck D, Gilula LA (2003) Midterm outcome after vertebroplasty: predictive
value of technical and patient-related factors. Radiology 227:662–668
This study evaluated different types of polymethylmethacrylate (PMMA) leakage and
patient-related factors in relation to clinical midterm (1–24 month) outcome after verte-
broplasty. Standardized four-view radiographs obtained during 363 vertebroplasties in
181 treatment sessions in 152 patients were reviewed (121 patients with osteoporotic frac-
tures, 30 with malignant disease, and one with hemangioma). Four types of PMMA leak-
age and other potential predictors were related to postprocedural pain response and mid-
term outcome after vertebroplasty. The mean follow-up period was 8.8 months (range
1–24 months). At the time of discharge after the procedure, pain was absent after 106 of
the 181 sessions (58.5%), better after 50 (27.6%), and the same after 25 (13.8%). In 258 of
the 363 treated vertebral levels, at least one type of leakage was found. None of the evalu-
ated factors was related significantly to postprocedural pain response, including PMMA
leakage. The authors concluded that small to moderate amounts of PMMA may escape
from the vertebral body with no significant effect on therapeutic success. Immediate
postprocedural pain relief was regarded as the best predictor of midterm clinical outcome
after vertebroplasty.

Alvarez L, Alcaraz M, Perez-Higueras A, Granizo JJ, de Miguel I, Rossi RE, Quinones D
(2006) Percutaneous vertebroplasty: functional improvement in patients with osteopo-
rotic compression fractures. Spine 31:1113–8
In this prospective, double-cohort study on the outcome of vertebral compression frac-
tures, 101 consecutive patients who underwent percutaneous vertebroplasty (PV) were
compared to 27 patients who refused PV treatment and were managed conservatively.
Patients elected for PV as a treatment had significantly more pain and functional impair-
ment before the procedure than the patients of the conservative group (P<0.001). The
pain, functional, and general health scores of the PV group were improved from the pre-
operative mean values (P<0.001) in all postoperative periods. Compared with the conser-
vative treatment group, there was a significant difference at month 3. However, no statis-
tical differences on function were observed between these groups at 6 months and 1 year
post-treatment. The authors concluded that PV demonstrated a rapid and significant
relief of pain and improved the quality of life.
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33
Primary Tumors of the Spine

Bruno Fuchs, Norbert Boos

Core Messages

✔ Primary spine tumors are relatively rare
✔ Cancer is a genetic disease
✔ The acquired capabilities of cancer are: self-suf-

ficiency to growth signals, insensitivity to anti-
growth signals, tissue invasion and metastasis,
limitless replicative potential, sustained angio-
genesis, evading apoptosis

✔ Spine tumors are classified based on the histol-
ogy

✔ Pain, spinal deformity, and neurologic deficits
frequently are presenting symptoms

✔ Age and location are important parameters for
establishing a differential diagnosis

✔ CT and MRI are essential for systemic and surgi-
cal staging

✔ Biopsy is required to establish the tissue diagnosis

✔ The biopsy has to be placed so that it does not
compromise subsequent surgical resection

✔ Do not rely completely on the result of the
biopsy – the final histology may be different

✔ The “wait and see” approach is very rarely indi-
cated

✔ Conservative treatment is only indicated for
benign tumors and in asymptomatic patients

✔ Malignant tumors in general are treated surgi-
cally

✔ In sensitive tumors, chemo- and radiotherapy are
considered as an adjuvant treatment

✔ The goal of surgery is to remove the primary
tumor in its entirety followed by stable recon-
struction of the spine

Epidemiology

Primary spinal tumors are

rare

Approximately 2000 new cases of bone cancer and 6000 new cases of soft tissue
tumor are diagnosed in the United States each year [30]. Of these, only about 5%
involve the spine. The incidence of primary spinal tumors has been estimated at
2.5–8.5 per 100000 people per year [15]. Tumors of the lymphoid system, e.g.,

Plasmocytomas are tumors

of the lymphoreticular

system

plasmocytoma, are generally considered in the discussion of spine tumors
although they are tumors of the lymphoreticular system. Some bone tumors
have a special predilection for the vertebral column (e.g., osteoblastoma), while
others occur exclusively in the spine (e.g., chordoma). There are two important
clinical features to be considered when evaluating the potential of malignancy of
a spine lesion, i.e.:

) age
) location

In children younger than 6 years of age, most spinal tumors are malignant, e.g.:

) neuroblastoma
) astrocytoma
) sarcoma (less commonly)

However, benign spinal tumors outnumber malignant tumors by a ratio of 2 :1
among children of all ages.

Tumors and Inflammation Section 951



a b

c

d e

Case Introduction

A 20-year-old girl presented with severe intermittent dorsal pain with occasional radiation into the ribcage. The patient
was unsuccessfully treated with physiotherapy. The pain got progressively worse particularly during the night; she was
then referred for further evaluation. Standard radiographs of the thoracic spine were unremarkable although it was
noted that she had a significant shift to the left side (a). The patient noticed a decrease of symptoms when she took
NSAIDs. An MRI scan demonstrated increased signal intensity in the posterior elements of T7 on the left side (b, c). The
bone scan showed increased uptake in that region (d). A CT scan showed the typical features of an osteoidosteoma with
a hypodense lesion with a nidus (e). The lamina was exposed for an excision biopsy. However, since the nidus was clearly
visible it was decided to remove it by curettage. The bed of the nidus was cleaned with a high-speed air drill. The patient’s
symptoms completely disappeared after the operation and she remained painfree during follow-up.

In adults older than 35 years, most spinal tumors are:

) metastatic adenocarcinoma
) multiple myeloma
) osteosarcoma

Spinal tumors exhibit

a specific anatomic

predilection

Spinal tumors demonstrate a specific anatomic predilection. Osseous tumors of
the anterior vertebral body are most likely metastatic lesions, multiple myeloma,
histiocytosis, chordoma, and hemangioma. The most common osseous spinal
tumors involving the posterior elements are:

) aneurysmal bone cysts
) osteoblastoma
) osteoid osteoma
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Age and tumor location

help to classify tumor lesion

Malignant osseous tumors occur much more commonly in the anterior than the
posterior spinal elements.

Tumor Biology

Molecular Tumor Biology

Recent advances in basic research of musculoskeletal tumors revealed that the
sheer complexity of the molecular process of carcinogenesis may be conceptu-
ally reduced to a small number of molecular, biochemical, and cellular traits
that are shared by most if not all types of human cancer. Hanahan and Wein-
berg [25] described the hallmarks of cancer which represent a fundamental
concept that governs the development of malignant transformation. It is
hypothesized that a developing cancer may represent the interplay between
these fundamental concepts. The acquired capabilities of malignant tumors are
shown in Fig. 1.

Whenever a cell divides, the telomeres (i.e., ends of chromosomes) shorten
until a point of no return and the cell then dies. Cancer cells can switch on a pro-
tein component of telomerase that allows them to maintain their telomeres and
to divide indefinitely. The normal cell has a built-in cellular program to die or
undergo apoptosis, respectively. For a cancer cell to become immortal, it needs to
escape apoptosis. A malignant cell needs to have the capacity to mimic extracel-
lular growth signals, for example by activating mutations, in order for the tumor
to grow. Malignant tumors need to produce their own blood supply if they are to
grow beyond a certain size. The nature of the angiogenic switch is still unclear,
but endothelial cells must be recruited, grow, divide, and invade the tumor to
form blood vessels. A further capacity of a malignant cell is to acquire the poten-

Figure 1. The hallmarks of cancer

According to Hanahan and Weinberg, most if not all cancers have acquired the same set of functional capabilities during
their development, although through various mechanistic strategies. (Redrawn from Hanahan et al. [25] with permission
from Elsevier).
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tial to break away from the original tumor mass, resist anoikis (apoptosis that is
induced by inadequate or inappropriate cell-matrix interactions) and crawl
through the extracellular matrix into blood or lymphatic vessels in order to recur
and survive in a distant organ.

The hallmarks represent

a concept of carcinogenesis

The hallmarks of cancer help us to understand the complexity of such a dis-
ease in terms of a relatively small number of underlying molecular principles.
Obviously, these hallmarks only represent a working model. An emerging para-
digm is that this set of principles has a specific mechanism for each tumor type
so that each tumor bears its own molecular circuitry that needs to be character-
ized individually.

Pathways of Metastasis

More than a hundred years ago, Sir Stephen Paget first launched the “seed and
soil” hypothesis, asking the question: “What is it that decides what an organ shall
suffer in case of disseminated cancer?” His answer is basically still valid today:
“The microenvironment of each organ (the soil) influences the survival and
growth of tumor cells (the seed).”

Figure 2. The metastatic cascade

The schematic drawing exemplifies the main steps in the formation of a metastasis. (Redrawn from Fidler [18] with per-
mission from Macmillan Publishers Ltd.).
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The process of metastatic spread of a primary tumor can be described in the fol-
lowing steps (Fig. 2):

) local tumor proliferation
) angiogenesis
) migration and invasion
) intravasation
) adhesion
) extravasation
) migration and invasion
) metastatic growth in target organ

Stem cells appear to play

a key role in metastasis

In the metastatic process, the primary tumor proliferates locally until it reaches
a size when nutrition cannot be provided by diffusion alone. Neovascularization
or angiogenesis is therefore present at an early stage in a tumor. The tumor cell
then detaches from the neighboring cells and invades the surrounding normal
tissue. It seeks access to the blood and/or lymphatic system (intravasation),
where it gets distributed in the body until it adheres in the capillaries of the target
organ. The metastatic tumor cell then crawls through the vessel wall (extravasa-
tion) and invades the tissue of the target organ, where finally it may grow into the
metastatic nodule. It is not yet entirely understood how these processes are gov-
erned. Originally, it was assumed that metastasis is the clonal expansion of a pri-

Figure 3. Evolution of the cancerous bone cell

Oncogenic mutations may occur in bone stem cells (red) and can cause the transformation to a bone cancer stem cell,
generating “poor-prognosis” tumors (orange). Mutations which occur in differentiated progenitor cells (yellow) may form
a non-metastatic “good-prognosis” bone carcinoma (pink). Under the influence of stromal fibroblasts, only the popula-
tion of bone cancer stem cells has the ability to metastasize. There might be variant cancer stem cells that differ in their
tissue selectivity for metastasis, expressing an additional tissue-specific profile (e.g., green liver, purple lung). (Redrawn
and adapted to bone from Weigelt et al. [42] with permission from Macmillan Publishers Ltd.).
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mary tumor cell. Microarray analyses revealed that for several cancers, the
expression profile of a primary tumor is indifferent to its metastatic site, thus in
contrast to the clonal expansion theory. The current theory implies that stem
cells may play an important role. The current model of metastasis synthesizes the
clonal expansion theory, the expression profiles and stem cells. Oncogenic muta-
tions in stem cells cause transformation, thereby generating “poor-prognosis”
tumors. However, mutations occurring in differentiated progenitor cells might
form a non-metastatic good-prognosis tumor that does not metastasize. In the
metastatic poor-prognosis tumors, under the influence of stromal fibroblasts,
only the populations of stem cells have the ability to metastasize (Fig. 3). There
might be variant stem cells that differ in their tissue selectivity for metastasis,
expressing an additional tissue-specific profile. At the site of metastasis, the dis-
seminated cancer stem cells would again induce a similar stromal response as in
the primary tumor.

Histology and Biology of Spinal Tumors

Spine tumors are classified according to their histology. Based on the age of the
patient, the anatomic location of the lesion, supplemented by modern imaging,
and tumor histology, the biological behavior of the tumor can be determined
(Table 1).

Table 1. Primary benign spinal tumors

Lesion Age Location Histology Imaging

Osteoidoste-
oma

second decade posterior elements (75 %) vascularized connec-
tive tissue, nidus sur-
rounded by reactive
cortical bone

radiolucent nidus with sur-
rounding sclerosis, rarely
extended to vertebral body,
epidural or paraspinal
spaces

Osteoblasto-
ma

Second and
third decades

posterior elements; equally
distributed in the cervical,
thoracic, and lumbar seg-
ments

osteoid-producing
neoplasms

expansile destructive lesion
partially calcified; common
extension to vertebral body

Osteo-
chondroma

third decade exclusively posterior ele-
ments; predilection for spi-
nous processes of cervical
spine

cartilage cap with
normal bone compo-
nent

continuity of the lesion
with marrow and cortex of
the underlying bone

Hemangio-
ma

any age; peak
fourth decade

vertebral body vascular spaces lined
by endothelial cells

vertical parallel densities
lower thoracic-upper lumbar
regions

spotted appearance on CT
high signal on T1W and
T2W images; involvement
of posterior elements

Aneurysmal
bone cyst

young patients posterior osseous elements
60 %

cystic spaces contain-
ing blood products

lytic expansile lesion with
fluid-filled levels

<20 years vertebral body 40 % involvement of contiguous
vertebraethoracic, lumbar

Langerhans
cell histiocy-
tosis

first, second
decades

vertebral body sheets of Langerhans
cells, lymphocytes,
and eosinophils

lytic lesion of the vertebral
body leading to collapserarely posterior elements,

thoracic, rarely lumbar, cervi-
cal
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Clinical Presentation

History

A complete history, detailed general assessment and physical examination are
essential for evaluating patients with spinal tumors. Patients with spinal tumors
usually present with:

) pain
) spinal deformity
) neurologic deficit

Pain is the cardinal symptomBack pain is the most common symptom (Case Introduction) [16]. Pain in spinal
tumors usually is:

) persistent
) unrelated to activity
) worsening during rest and at night

Night pain is a warning

signal

Persistent, non-mechanical back pain must be distinguished from common back
pain, which is often the opposite. Night pain is an important differential symp-
tom of certain skeletal neoplasms such as osteoid osteoma and osteoblastoma.

Pathological fracture of vertebral bodies can occur and can cause severe acute
pain similar to that seen in traumatic vertebral compression fractures. Spinal
nerve root and cord compression from a pathological fracture or invasion of neo-
plasm results in local pain, radicular pain along the affected nerve roots or mye-
lopathy [24]. Symptoms of spinal instability and neurologic compromise arise
with increasing vertebral destruction and tumor expansion [14, 19].

Malignant lesions with metastases usually cause associated systemic symp-
toms. Systemic symptoms usually are present in malignant lesions, especially in
tumors such as:

) lymphoma
) myeloma
) Ewing’s sarcoma
) tumors with metastasis

With the progression of the disease, patients can present with:

) weight loss
) fever
) fatigue
) general deterioration

However, these symptoms often appear late during the disease.

Physical Findings

A palpable mass is rarely

the initial finding

Although spinal tumors seldom present with obvious physical findings, a local
palpable mass may be present in some instances. Sacral tumors like chordoma,
after growth of an anterior mass, may cause bowel or bladder symptoms and may
be palpable on rectal examination [16]. Benign tumors such as osteoid osteoma
are often associated with scoliosis and typically present with paraspinal muscle
spasm and stiffness. Structurally, there is absence of a lumbar or thoracic hump
as in adolescent idiopathic scoliosis. The necessity for a thorough neurologic
examination is self-evident but it usually reveals only findings in late tumor
stages.
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Diagnostic Work-up

Imaging Studies

The evaluation of spinal tumors includes plain radiographs, bone scans, com-
puted tomography (CT), magnetic resonance imaging (MRI), angiography, as
well as single photon emission computed tomography (SPECT) bone scanning
[22] and positron emission tomography (PET) scans.

Standard Radiographs

Standard radiography

is the imaging modality

of first choice

Standard radiographs are still the first imaging modality used to explore the
spine when a tumor is suspected and they may demonstrate the tumor lesion.
Neoplasms in the vertebrae can present as:

) osteolytic (Fig. 4a, b)
) osteoblastic/sclerotic (Fig. 4c, d)
) mixed

a b

c d

Figure 4. Radiogra-
phic findings

a Osteolytic lesion in the
vertebral body of C3.
b This lesion was primar-
ily overlooked and pro-
gressed to a severe
destruction of the verte-
bral body of C3 with
kyphotic deformity
(histology: chordoma).
c, d AP and lateral radio-
graphs show a dense,
sclerotic bone lesion with
extension in the paraspi-
nal muscles (arrowheads)
on the right side (histol-
ogy: osteosarcoma).
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Malignant neoplasm usually

preserves the intervertebral

disc

Benign tumors such as osteoid osteoma and osteoblastoma frequently are seen as
sclerotic lesions in the posterior elements of the spine, with a central lytic area
surrounded by reactive bone [39]. Lytic destruction of pedicles with the winking
owl sign (see Chapter 34 , Case Study 2) seen on an anteroposterior view is the
most classic early sign of vertebral involvement by malignant lesions, although

Lytic processes become

visible on radiographs not

before 30 – 50 % of the bone

is destroyed

the vertebral body typically is affected first. Before changes can be recognized
radiographically, 30–50% of a vertebral body must be destroyed. In contrast,
slight lysis of the pedicle can be seen early on the AP radiographs [26]. It is diffi-
cult to differentiate pathological compression fracture secondary to tumor from
compression fractures of osteoporosis (Case Study 1). This differential diagnosis
is always prompted when osteoporotic spine fractures are diagnosed. The inter-
vertebral disc is usually preserved in patients with neoplasm. This helps in differ-
entiating tumors from pyogenic infection where the disc is frequently destroyed
along with the adjacent vertebral body [6]. Sometimes, a soft tissue shadow can
be seen on the radiographs extending from a vertebral body lesion through the
outer cortex.

Magnetic Resonance Imaging

MRI should be used to fully define the extent and nature of the lesion [7] and is
recommended for investigating the suspected lesion in terms of:

) spinal level
) extent of suspected lesions
) vertebral bone marrow infiltration
) infiltration of the paraspinal soft-tissues (muscles, vessels)
) infiltration of the nerve roots, thecal sac, and spinal cord

Generally, MRI is a very sensitive imaging modality for detecting alterations of
the bone marrow, but it does not allow a type specific diagnosis. The only excep-

High signal in T1W and T2W

images indicates an

hemangioma

tion may be a benign cavernous hemangioma. This lesion is unique in that it
shows increased signal intensity relative to the bone marrow on T1W and T2W
images, allowing a diagnosis with a very high probability (Fig. 5). MRI features of
other tumors are not characteristic and MRI can at best narrow the differential
diagnosis (Fig. 6, Tables 1, 2). Contrast enhancement is useful to detect a strong
vascular uptake which can prompt an angiography. It is particularly useful for
assessing the response to chemotherapy. Diffusion weighted MRI may poten-
tially be capable of detecting and quantifying the amount of tumor necrosis after
neoadjuvant therapy, but it is premature to finally conclude on this possibility
[32].

Computed Tomography

In general, CT is more reliable in demonstrating the cortical outlines of bone
and calcification in comparison to MRI. It can better show the extent of the

CT can better show the

extent of bony destruction

tumor destruction (Fig. 7). Occasionally, CT allows the direct demonstration
of the tumor, e.g., in case of an osteoidosteoma (Case Introduction). In terms
of tumor biopsies, CT allows accurate assessment of proper needle placement
during needle biopsies. However, in general, CT is not as sensitive as MRI in
the detection of both metastatic disease and primary malignant bone tumors
[1, 2, 13].
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Case Study 1

A 72-year-old male presented with acute onset of thoracolumbar back pain after an unusual movement. The pain was
worse on motion and the patient could not be mobilized. An initial lateral radiograph demonstrated compression frac-
tures at L1 and L2 (a). Non-operative treatment failed and the patient was referred for a vertebroplasty. An MRI investiga-
tion was done showing fresh compression fractures at L1 and L2 and older endplate fractures of L4 and L5. Note the bone
marrow changes which are hypointense on the T1W image (b) and the hyperintense signal intensity on the T2W image
(c). The signal intensity increase is better visible on the STIR sequence (d). The patient underwent a biportal vertebropla-
sty of L1 and L2, which instantaneously resolved the patient’s symptoms (e, f ). The patient was sent for a formal assess-
ment of the putative osteoporosis during which a multiple myeloma was diagnosed. In retrospect, the assessment
should have been done prior to the treatment by vertebroplasty although it would not have changed the indication for
a vertebroplasty.
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Case Study 2

A 16-year-old female underwent an i.v. pyelogram for a diagnostic assessment of recurrent urinary tract infections. The
radiologist noticed a disappearance of the regular structure of the L3 pedicle on the left side (winking owl sign) (a). A
referral and further diagnostic work-up were prompted. The MRI scan showed a large cyst without significant septal par-
titions on the T2W sagittal (b) and T2W axial (c) scans. No soft tissue infiltration was seen. The CT scan confirmed the diag-
nosis of a large cyst (d). The biopsy ruled out malignancy although a confirmation of the suspected aneurysmatic bone
cyst was not reliably possible on the material submitted. Because of the benign lesion, an intralesional resection of the
transverse process and a curettage of the superior articular process and the pedicle was done. The medial border to the
thecal sac was covered with Gelfoam and the defect was filled with autologous cancellous bone. At one year follow-up
the patient is symptom free and the CT scan shows a nice remodeling of the pedicle (e, f ).

Radionuclide Studies

A technetium-99m (99mTc) bone scan is widely used in the initial diagnosis and
follow-up of bone tumors. Technetium scans are sensitive to any area of
increased osteoid reaction to destructive processes in bones (Case Introduction).
They can detect lesions as small as 2 mm, and as little as a 5–15% alteration in

A bone scan is the screening

method of choice for

investigating extraspinal

tumor manifestation

local bone turnover. They can identify changes in osteolytic or osteoblastic dis-
ease 2–18 months sooner than radiographs [22, 31]. Total body scans can show
most of the (also remote) skeletal lesions, and therefore are used as a screening
test to determine whether a lesion is solitary or multifocal in expression and local
extent. Plasmocytoma is particular in that it may be purely lytic, and therefore an
ordinary scan may be negative. In these patients, 99mTc-sestamibi has been
proven to very useful with a specificity of 96% and sensitivity of 92%. As an alter-
native, MRI may be regarded as today’s standard.

Primary Tumors of the Spine Chapter 33 961



a b

Figure 5. MRI findings of a benign hemangioma

Typical spotted bright signal intensity changes within the vertebral body of L1 on a T1W and b T2W image suggesting
a benign hemangioma.

a b

c

Figure 6. MRI findings in primary spinal tumors

a Expansive lesion with a pseudocapsule with compression of the spinal cord and the retropharyngeal space. Note the
skip lesion at the level of C7 (arrow, same patient as in Fig. 4a, b). Extension of a hypointense mass into the foramen L5
and the adjacent facet joint L4/5 on a T2W axial (b) and T1W sagittal image (c) (same patient as in Fig. 4c, d).
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Table 2. Primary malignant spinal tumors

Lesion Age Location Histology Imaging

Osteosarcoma Fourth decade Vertebral body Osteoid within sarco-
matous tissue

Osteosclerotic and osteolytic
areas with soft tissue compo-
nent; common extension to
posterior elements

Lumbosacral region

Chondro-
sarcoma

Fifth decade Predilection for vertebral
body

Hyaline cartilage
with increased cellu-
larity within myxoid
matrix

Bone destruction with charac-
teristic punctuate calcifica-
tionsThoracic region

Malignant
fibrous histi-
ocytoma

Second to
eighth decades

Vertebral body Mixture of histio-
cytes, fibroblasts and
primitive mesenchy-
mal cells

Lytic lesion with low signal on
T1W and high signal on T2W
images

Giant cell
tumor

Third decade Vertebral body Osteoclastic giant
cells intermixed with
spindle cells

Osteolytic geographic area
with soft tissue componentSacrum

Plasmo-
cytoma

>40 years old Vertebral body Sheets of plasma
cells on a delicate
reticular stroma

Radiolucent areas or reduc-
tion in bone densityThoracic and lumbar spine
Hypointense on T1W and
hyperintense on T2W images

Ewing’s
sarcoma

Second to
third decades

Vertebral body, lumbosa-
cral spine

Sheets of small round
blue cells

Lytic lesion, associated soft
tissue mass

Chordoma Middle-aged
patients

Exclusively affects vertebral
body; most often sacrum,
rarely mobile spine

Lobulated mass with
mucinous containing
cells

Destructive midline expansile
lesion with associated soft tis-
sue mass; extension into adja-
cent vertebra

a b

Figure 7. Computer tomography findings of primary spinal tumors

a Axial CT scan showing an extensive infiltration and destruction of the posterior wall (histology: plasmocytoma). b Axial
scan indicating increased bone density in the lamina (histology: osteoblastoma).

Spinal Angiography

Spinal angiography has only rare indications for spinal lesions, usually when rich
vascular structures such as aneurysmal bone cysts and hemangiosarcoma are
present. Angiography is capable of showing the vascularity of all feeding and
draining vessels and can be used for selective embolization of hypervascular
lesions to reduce intraoperative blood loss [35].
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Biopsy

One of the most important principles of tumor surgery is that of including the
biopsy track with an adequate margin of healthy tissue which can be excised at

The biopsy type and track

must be carefully

considered

definitive resection. This is sometimes impossible in the spine if an approach vio-
lating the anatomic planes is used. Poorly planned biopsies increase the local
recurrence risk by tumor dissemination along fascial planes and the biopsy tract.
There are three different types of biopsies:

) needle
) open incisional
) excisional

For tumors limited to the posterior elements, an excisional biopsy is both diag-
nostic and therapeutic. Most needle biopsies are performed under fluoroscopic
or CT control [23]. In experienced hands, the accuracy rate ranges from 80% to
90%, but it is non-diagnostic in 25% of patients [34]. CT guidance offers a great
margin of safety for surrounding blood vessels and viscera, but complications

Place the biopsy track so

that it can be excised

at definitive surgery

include pain, bleeding, and pneumothorax. If open incisional biopsy is planned,
several fundamental principles should be considered. The incision has to be
planned such that it can be excised at definitive surgery. Bone windows should be
small and carefully planned so that pathological fractures do not result. They are
packed with bone wax and Gelfoam, hydroxyapatite or cement, depending on the
surgeon’s preference. Postoperative hematomas need to be avoided because they
carry the potential of disseminating tumor cells along fascial planes.

Acceptable biopsy techniques for malignant tumors of the spine depend on the
anatomic extent and location of the tumor. In the cervical spine, posterior tumors
with or without extraosseous soft tissue involvement are easily sampled by needle
using CT guidance. However, because of the predominance of benign lesions in the
posterior elements and when confined to the osseous elements, excisional biopsy
techniques may be preferred. Anteriorly, in the craniocervical region, transpharyn-
geal stereotactic needle biopsy is an alternative to open biopsy using the approaches
for resection of tumors in this region. Tumors of the anterior thoracic spine are
sampled via posterior percutaneous CT-directed needle biopsy. An open biopsy can
be performed through a posterolateral approach by costotransversectomy, with
careful consideration of biopsy placement. In the lower thoracic and lumbar spine,
CT-guided biopsy techniques can be used; for anteriorly located lesions, transpedi-
cular biopsy placement is possible, but later necessitates resection of the involved
pedicle and soft tissue track if the lesion turns out to be malignant.

Laboratory Investigations

A complete laboratory work-up should be ordered. For patients with multiple
myeloma and metastatic osteolytic lesions, serum calcium should be evaluated
and the possible hypercalcemia corrected. Anemia, hypoalbuminemia and elec-
trolyte imbalances need to be corrected before considering surgery. There are no
tumor specific biochemical markers yet available for spine tumors.

Tumor Staging

A benign tumor is defined by its incapacity to metastasize, whereas a malignant
tumor has the potential to metastasize. Boriani et al. [11] have suggested a surgi-
cal staging system for the spine based on Enneking’s pioneering work [17] for
limb lesions (Fig. 8).
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Figure 8. Staging of benign and malignant spinal tumors.

The staging considers the presence of a capsule (pseudocapsule), aggressiveness of the lesion, presence of skip lesions,
extracompartmental growth, and metastases (for details see text). (Redrawn and modified from Boriani et al. [11], repro-
duced with permission from Lippincott, Williams & Wilkins).

Benign Tumors

Benign tumors are staged into:

) latent lesion
) active lesion
) aggressive lesion
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Stage 1

Stage 1 (S1, latent, inactive) lesions include asymptomatic lesions, bordered by a
true capsule. In these tumors, a well-defined margin around the circumference
of the lesion is seen even on plain radiographs. These tumors usually do not grow

No treatment is required

for stage 1 lesions

or if they do then only very slowly. No treatment is required for S1 lesions, unless
palliative surgery is needed for decompression or stabilization. Examples include
hemangiomas of bone and osteochondroma.

Stage 2

Stage 2 (S2, active) lesions grow slowly and cause mild symptoms. There is a thin
capsule around the tumor and a layer of reactive tissues, sometimes seen on

Intralesional resection

can be performed for

Stage 2 lesions

plain radiographs as an enlargement of the tumor outline and sometimes clearly
defined on MRI. Bone scans are often positive. An intralesional excision is per-
formed with a low rate of recurrence. Examples include osteoid osteoma, aneu-
rysmal bone cysts, and giant cell tumor of bone.

Stage 3

Stage 3 (S3, aggressive) lesions are represented by rapidly growing benign
tumors. The capsule is very thin, incomplete, or absent. The tumor invades

Intralesional resection

is insufficient for

Stage 3 lesions

neighboring compartments and often has an associated wide, reactive, hypervas-
cularized pseudocapsule, which sometimes is permeated by neoplastic digitati-
ons. There are fuzzy limits on plain radiographs; bone scans are also positive. CT
scans show the tumor extension, and MRI defines the pseudocapsule and its rela-
tionship to adjacent neurologic structures. Intralesional curettage is often not
enough and is associated with a high recurrence rate.

Malignant Tumors

Malignant tumors are divided into low grade tumors, high grade tumors, and
tumor metastasis (independent of grade).

Stage I

Wide en bloc resection

is indicated in Stage 1

and 2 lesions

Stage I (low grade) malignant tumors are further subdivided with regard to the
containment into:

) Stage IA, i.e., the tumor remains inside the vertebra, and
) Stage IB, i.e., the tumor invades paravertebral compartments

No true capsule is associated with these lesions, but a thick pseudocapsule of
reactive tissue often is penetrated by small, microscopic islands of tumor.
Because resection along the pseudocapsule may leave behind residual foci of
tumor, wide en bloc excision is indicated if possible.

Stage II

Stage II (high grade) malignant tumors are accordingly defined as:

) Stage IIA, i.e., the tumor remains inside the vertebra, and
) Stage IIB, i.e., the tumor invades paravertebral compartments

The neoplastic growth is so rapid that the host has no time to form a continuous
reactive tissue layer. There is seeding with satellite tumor cells as well as skip
lesions at some distance. These tumors show up on plain radiographs as radiolu-
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cent and destructive lesions, often associated with pathological fractures. CT and
MRI confirm the absence of a reactive tissue margin. Invasion of the epidural
space is rapid particularly in Ewing’s sarcoma or lymphoma, and is characterized
by infiltrating tumor spread beyond the cortical border of the vertebra with no
evident destruction. The resection should be wide or en bloc. The survival
between Stages 1 and 3 differs significantly, whereas there is no difference in sur-
vival between patients with A or B lesions [3].

Stage III

In Stage III malignant tumors, metastasis represents the situation where the
tumor has spread to a distant organ different from, and independent of, the histo-
logical grade of the primary tumor.

Non-operative Treatment

The treatment of spine tumors is determined by the:

) biology
) location
) extent of the lesion

The wait and see approach

is rarely indicated

For these reasons, establishing the tissue diagnosis is of great importance. It is
extremely dangerous to wait and see if the biopsy is not reliable and the imaging
studies not entirely conclusive.

Even if the imaging findings indicate a benign lesion such as a vertebral heman-
gioma, the final histology may reveal a malignant lesion such as a solitary plasmo-
cytoma [8]. For benign lesions, there are only rare indications for non-operative
treatment, such as hemangioma or Langerhans cell histiocytosis. For malignant
lesions, non-surgical treatment generally is an adjunct to surgery and consists of:

) pain management
) chemotherapy
) radiotherapy

Non-steroidal Anti-inflammatory Drugs

Non-steroidal anti-inflammatory drugs (NSAIDs) are often used for mild pain.
Opioid drugs are used for severe pain. Other options include epidural and intra-
thecal administration of local anesthesia. Systemic steroids are used to control
pain and mitigate neurologic deficit in patients with spinal cord compression.
Chemotherapy has been valuable for the treatment of selected primary tumors
and metastases such as osteosarcoma, Ewing’s sarcoma and multiple myeloma.
Radiotherapy has been the mainstay for treating radiosensitive primary malig-
nant tumors such as Ewing’s sarcoma as well as metastases [29].

Adjuvant Therapy

Radiotherapy is indicated

for radiosensitive lesions

The goal of radiotherapy is to maximally destroy the tumor while minimizing the
effects on normal tissue [10]. Radiotherapy may be the choice of initial treatment
for radiosensitive lesions. With the advances in surgical technique and instru-
mentation, initial surgical excision followed by radiation if indicated is preferred

Chemotherapy is indicated

particularly for osteosarcoma

and Ewing’s sarcoma

because of the risk of developing postirradiation sarcoma. Chemotherapy is used
particularly for the most common primary bone tumors such as osteosarcoma
and Ewing’s sarcoma. Its main effect is directed at reducing tumor volume and
surrounding edema.
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Operative Treatment

General Principles

The indication for operative treatment of spine tumors has to be carefully consid-
ered and treatment should be performed using a team approach. The biopsy path
has to be carefully selected in order not to compromise further surgery. The type of
resection depends on the synthesis of a plethora of parameters such as the biology
of the tumor, the precise anatomic location, and the patient’s general condition.

Traditionally, the indications for open surgery included:

) spinal instability due to bony destruction
) progressive neurologic deficit
) radioresistant tumor that is growing
) the need for open biopsy
) intractable pain unresponsive to non-surgical treatment

The primary goal is wide or

en bloc resection and

spinal reconstruction

Advances in vertebral resection and stabilization and improved survival with
various neoadjuvant therapies have expanded the indications for surgical inter-
vention of primary spinal tumors. Today, the ultimate goal must be a “wide” and
preferably an en bloc resection of the primary tumor in combination with a spi-
nal reconstruction which allows for early mobilization.

The surgical techniques are classified by the tissue planes and approach as:

) curettage
) intralesional resection
) en bloc resection

Curettage and intralesional resection describe a piecemeal removal of the tumor.
En bloc resection indicates the attempt to remove the whole tumor in one piece
together with a layer of normal tissue.

The resected pathological specimen is histologically analyzed, and further
classified into:

) intralesional
) marginal
) wide

The term “intralesional” is used when the tumor mass is violated; marginal is
appropriate when the surgeon dissects along the pseudocapsule, the layer of
reactive tissue around the tumor; and “wide” is appropriate if surgical separation
has occurred outside the pseudocapsule, removing the tumor with a continuous
shell of healthy tissue.

It is essential to distinguish the removal en bloc, i.e., the whole tumor in one
piece, from a simple intralesional procedure. Intralesional resection of malignant
tumors may provide functional palliation and pain relief, but has a very high
incidence of local recurrence [5]. When resecting a malignant spinal tumor, the

The widest possible margin

should be sought for the

excision of malignant spinal

tumors

widest possible surgical margin should be sought. The goal of surgery should be
complete extirpation of the tumor with stable reconstruction of the vertebral col-
umn. Resections involving extensively contaminated surgical margins or debul-
king should be avoided. An aggressive approach with adequate resection can
enhance local control and prolong survival.

Surgical planning and

decision-making are

complex and require

a team approach

Surgical planning and decision-making are complex processes. To address this
difficulty, the vertebral elements are divided into zones [11, 27], thereby predicat-
ing the resectability of any particular lesion based on the zones involved [36, 43].
In the transverse plane, the vertebra is divided into 12 radiating zones (num-
bered 1–12 in clockwise order) and into five layers (A to E), starting from the
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Figure 9. Surgical staging system

The transverse tumor extension is described with reference to 12 radiating zones and five concentric layers. (Redrawn
and modified from Boriani et al. [11], reproduced with permission from Lippincott, Williams & Wilkins).

paravertebral osseous region to the dural involvement (Fig. 9). The longitudinal
extent of the tumor is assessed by counting the spine segments involved. Compre-
hensive imaging studies are needed preoperatively to assess and describe the
transverse and longitudinal expansion of a tumor, which allows appropriate sur-
gical planning.

Surgical Techniques

The final tumor diagnosis

may be different than

expected

The surgical techniques of primary spinal tumors are very complex and demand
excellent surgical skills. Particularly for the en bloc resection of spinal tumors,
the surgical strategy and reconstruction measure have to be decided on an indi-
vidual basis because of a high variability of tumor location and extension. The
surgeon should always consider that the final histological diagnosis may be dif-
ferent than expected or diagnosed on the biopsy material. Even in that case the
surgeon should be capable of appropriately treating the case.

Consider referring primary

spine tumors to a larger

center

A detailed description of the surgical techniques is far beyond the scope of this
chapter. We prefer to concentrate on general principles rather than on a “how to
do” approach. The surgery for primary malignant tumors should be concen-
trated in centers with sufficient case load and experience.

Intralesional Resection

This surgical technique is only used for benign tumors (Case Introduction) or for
debulking of inoperable primary or metastatic lesions. The surgical approach for
any malignant tumor of the spine is determined by the:

) tumor location
) extent of the tumor
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The approach should be planned in such a manner as to provide the opportunity
to excise the lesion completely as well as to stabilize the spine mechanically.
Often, a combination of anterior and posterior approaches is used [12, 38]. In
general, lesions involving the posterior elements of the spine with or without soft
tissue extension are approached posteriorly for both resection and reconstruc-
tion (Case Study 2). If the lesion extends into the soft tissue, an appropriate soft
tissue resection is required. In case of a typical osteoidosteoma, the lesion can be
curetted and the bed of the tumor should be excised using a high-speed airdrill
(Case Introduction).

If a malignant tumor involves the anterior vertebral body with or without soft
tissue extension, but not the pedicle of the vertebral body or posterior elements,
then an anterior approach is indicated. If a malignant lesion involves both ante-
rior and posterior elements, an en bloc resection with a wide or even marginal
resection is usually impossible unless the patient is willing to become paraplegic.
The resection is usually accomplished by a combination of anterior and posterior
approaches with intralesional contamination at the level of the pedicle when it is
transected at the time of removal of the posterior elements [41]. In the thoracic
and lumbar spine, some lesions involving both anterior and posterior elements
are amenable to marginal resection through a posterolateral approach, thereby
sacrificing a nerve root at the level of resection and one level above. The selected
surgical approaches are chosen depending on the anatomic locations.

En Bloc Resection and Reconstruction of the Spine

There are three major methods of performing en bloc resections in the thoraco-
lumbar spine:

) vertebrectomy
) sagittal resection
) resection of the posterior arch

The term “vertebrectomy,” also termed “spondylectomy,” is used to describe
removal of the entire tumor in one piece together with portions of the posterior
elements [37, 41, 43]. This approach is indicated if:

) tumor is confined to zones 4–8 or 5–9
) tumor is centrally located in the vertebral body
) at least one pedicle is free from tumor

The procedure can be performed in one or two stages. The posterior approach
involves excision of the posterior elements, which allows the section of the anulus
fibrosus and the posterior longitudinal ligament, careful hemostasis of the epidu-
ral venous plexus and posterior stabilization. The anterior approach, either by a
transpleural thoracotomy, retroperitoneal, or thoracoabdominal approaches,
allows the ligature of segmental vessels, proximal and distal discectomies, the en
bloc removal of the vertebral body and anterior reconstruction [20, 38]. A bilat-
eral approach for vertebrectomy has the main advantage of dissecting the tumor
off the anterior soft-tissues under direct vision, thereby achieving a better margin.

When the tumor predominately involves the posterior spinal elements on one
side (e.g., chondrosarcoma), an en bloc resection is feasible even in the presence of
extensive soft tissue extension. In such cases, posterior serial pedicle and sagittal
vertebral osteotomies inconjunctionwith rib resectionarenecessary (CaseStudy3).

For tumors of the sacrum in particular, the surgical approach depends on the
biology of the tumor as well as the anatomic location. The general principle is to
remove the entire tumor mass in toto [4, 9, 28, 33]. It has been shown that for
lesions below S3, a posterior approach only is sufficient whereas for lesions above
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Case Study 3

A 50-year-old male presented with a painful parasagittal mass at the midthoracic spine. A diagnostic assessment
included MRI, thoracoabdominal CT, bone scan and laboratory investigations. The T1W (a) and T2W MR (b) images
showed a large polylobulated mass with varying signal intensity and a not clearly visible capsule. The tumor appeared
to originate from the posterior part of the T7 pedicle (not shown). The soft tissue infiltration suggested a malignant
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Case Study 3 (Cont.)

tumor. The axial T2W
scans (c) demonstrated
extension to the ribcage.
A biopsy revealed the his-
tological diagnosis of a
Grade II chondrosarcoma.
No metastases were dis-
covered. An en bloc resec-
tion was planned. The
lines indicate the level of
osteotomies of the lami-
nae, pedicles and ribs.
The skin with the biop-
sy channel was excised
(d). Prior to tumor resec-
tion, the spine was instru-
mented with pedicle
screws at T3–T12 on the
right side and at T3, T4,
T11 and T12 on the left
side. Tumor resection was
performed along the indi-
cated lines. The en bloc
resection was done with
serial contralateral lami-
notomies at T5–T10 (e),
ipsilateral pedicle osteo-
tomies at T5–T9, and rib
osteotomies at T5–T10.
An en bloc resection of
the tumor was achieved
with wide margins (f, g).
Particularly the osteoto-
mies at the level of the
pedicles (arrows) and ribs
(arrowheads) were tumor
free. The resected pleura
was covered with an arti-
ficial membrane (asterisk)
and the dura with Gel-
foam sponges (arrow-
heads). The spine was
stabilized at T3–T12 and
fusion was carried out on
the right side (h). The
defect was covered with
an ipsilateral latissimus
dorsi flap (i). Three years
after surgery, the patient
is functioning well
although he had initial
problems with the mobil-
ity of the left shoulder
(unstable scapula). The
follow-up radiographs
show the stabilization of
the spine at T3–T12 (j, k).
Regular follow-up imag-
ing studies (MRI, and tho-
racoabdominal CT scan)
demonstrate a tumor-free
course so far.
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S3 a combined anterior and posterior approach is preferred [21]. The possible
disadvantages of a posterior only approach include hemorrhage and laceration of
pelvic viscera including ureters. The combined approach allows exposure of the
entire pelvic contents and safe ligation of the internal iliac vessels, which assists
in reducing bleeding during mobilization of the specimen from posteriorly. It has
been shown that the combined approach reduces the local recurrence rate in
patients with chordomas, and does not compromise the harvest and use of a ped-
icled transpelvic rectus flap for posterior wound closure [21].

Adjuvant Treatment and Local Recurrences

The local recurrence is

directly related to the

surgical margin

There are few large studies dealing with malignant primary bone tumors of the
spine. Talac et al. [40] showed that local recurrence is directly related to the surgi-
cal margin obtained during surgery, with a fivefold increase comparing marginal
and intralesional resections over wide resections. Because primary bone tumors
are rare overall, in primary spine tumors in particular there are no randomized
studies available which have assessed the outcome of combined treatment regi-
mens. Basically, patients are treated, e.g., by chemotherapy according to the biol-
ogy of the tumor independent of the location, including spinal locations. There
are no large series which have assessed the effect of adjuvant treatment on the
outcome of patients with primary malignant spine tumors. In a recent series,
with the small numbers available, no conclusion could be drawn with respect to
adjuvant treatment except for the fact that over 90% of patients who had local
recurrences died from their disease.

Recapitulation

Epidemiology. Primary spine tumors are relatively
rare. The incidence is estimated at 2.5 – 8.5 per
100 000 individuals per year. When evaluating the
potential of malignancy of a spine lesion, age of the
patient and location of the lesion are the most im-
portant parameters.

Tumor biology. Cancer is a molecular disease. Can-
cer development is determined by the five hall-

marks of cancer: unlimited replicative potential,
avoidance of apoptosis, self-sufficient proliferation,
angiogenesis and metastasis. Metastasis is the
stepwise progression which includes proliferation,
migration, invasion, intra- and extravasation, and
local growth in the target organ.

Classification. Spine tumors are classified based on
the histological diagnosis. Together with the age
of the patient and the location of the lesion, the bi-
ology can be predicted, and treatment is per-
formed accordingly.

Clinical presentation. Patients with spinal tumors
present with pain, spinal deformity and neurologic
deficit. Back pain is the most common symptom. It

is persistent and usually not related to activity, and
often aggravates during the night. Patients with
spinal tumors rarely present with a palpable mass.
Spinal instability and neurologic compromise may
arise from a lesion in the vertebral body and de-
pend on the level and location.

Diagnostic work-up. This includes laboratory inves-
tigations, imaging studies, and tumor staging with
a biopsy from the lesion. Imaging studies include
standard radiographs in two planes, CT and MRI as
well as a bone scan. Tumor staging defines the sys-
temic extent of the disease, which allows the prog-
nosis to be determined, as well as the local extent,
which is mandatory for surgical planning and
should be done in accordance with the surgeon
performing the tumor resection. The biopsy needs
to be planned such that it does not compromise
subsequent surgical resection. Serum calcium has
to be evaluated, and anemia, hypoalbuminemia
and electrolyte imbalances need to be assessed
and corrected prior to surgery.

Treatment. Non-operative treatment is only indi-
cated for benign lesions and if the patient is asymp-
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tomatic. If surgery cannot be performed for malig-
nant tumors, pain management is very important,
and radiotherapy as well as chemotherapy needs to
be taken into consideration. Surgical treatment can
be performed as curettage, intralesional or en bloc

removal of the tumor. Histologically, en bloc

removal is classified into wide, marginal or intrale-

sional resection. The goal of surgery is the com-
plete extirpation of the tumor with stable recon-
struction of the vertebral column. The surgical
approach and technique is determined by the level
and anatomic extent of the tumor lesion.

Key Articles

Hanahan D, Weinberg RA (2000) The hallmarks of cancer. Cell 100:57–70
Landmark paper on modern principles of carcinogenesis. This article describes the nec-
essary key steps which a cell of a given tissue has to fulfill to become cancerous.

Sundaresan N, Boriani S, Rothman A, Holtzman R (2004) Tumours of the spine. J Neu-
rooncology 69:273–290
This article provides a detailed overview of primary benign and malignant as well as met-
astatic bone tumors.

Fisher CG, Keynan O, Boyd MC, Dvorak MF (2005) The surgical management of primary
tumors of the spine. Spine 30:1899–1908
This article underlines the importance of the surgical principles in the treatment of pri-
mary tumors of the spine.

Talac R, Yaszemki MJ, Currier BL, Fuchs B, Dekutoski MB, Kim CW, Sim FH (2002) Rela-
tionship between surgical margins and local recurrence in sarcomas of the spine. Clin
Orthop Rel Res 397:127–132
This article comprises one of the largest and most recent series on the outcome of surgical
treatment of primary bone sarcomas of the spine. It exemplifies the importance of obtain-
ing a wide surgical margin.

Fuchs B, Dickey ID, Yaszemski MJ, Inwards CY, Sim FH (2005) Operative management of
sacral chordoma. J Bone Joint Surg [Am] 87:2211–16
This article includes the largest series on surgically treated chordomas of the sacrum. It
shows that for lesions above the S3 level, a combined anterior-posterior approach is pre-
ferred over a posterior approach alone.

Garg S, Dormans JP (2005) Tumors and tumor-like conditions of the spine in children.
J Am Acad Orthop Surg 6:372–81
This article provides a comprehensive overview on tumors and tumor-like conditions in
children. It highlights the differential diagnosis of back pain in children and adolescents
and illustrates diagnostic and therapeutic options.
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34
Spinal Metastasis

Dante G. Marchesi

Core Messages

✔ Two-thirds of cancer patients develop metasta-
ses and the spine is a predilection area

✔ Pathological fractures are frequent with poten-
tial risks of neurologic complications

✔ Diagnosis should be advocated in all cancer
patients with neck or back pain

✔ MRI is the imaging modality of choice in spinal
metastases

✔ The best management concept is obtained with
a multidisciplinary team approach involving
oncologists, radiotherapists and spinal surgeons

✔ In the absence of neurologic deficit, spinal

deformity and instability or incapacitating pain,
radiosensitive tumors can be managed by
radiotherapy

✔ The goals of surgery are to decrease pain, pre-
serve or improve neurologic function and stabi-
lize the spine

✔ Decompressive laminectomy alone is rarely
indicated

✔ The surgical treatment should include decom-
pression of neural structures, debulking of
tumor mass, realignment of spinal deformity
and spinal reconstruction/stabilization

Epidemiology

Two-thirds of cancer

patients develop metastases

and the spine is a

predilection area

The most distinct characteristic of cancer is its ability to produce metastatic
lesions in distant parts of the body. Of the one million new cases of cancer diag-
nosed annually, two-thirds of patients develop metastases [2]. After the lung and
the liver, the skeletal system is the third most common site for metastatic diseases
and regardless of the origin of the primary tumor, the spine is the most common
site of skeletal metastasis [9]. Autopsy findings have indicated that up to 70% of
patients with bone metastatic carcinoma have vertebral deposits at the time of
death [28]. In about 70% of cases, the metastatic lesion is localized in the thoracic
and thoracolumbar regions of the spine, the lumbar and sacral regions are
involved in 22% of cases and the cervical spine in 8% [11].

Following a review of the literature, the most frequent primary tumors metas-
tasizing to the spine are tumors of the:

) breast (16.5%)
) lung (15.6%)
) prostate (9.2%)
) kidney (6.5%)

Breast, lung, prostate

and kidney are the most

frequent primary tumors

The primary lesion remains unknown in 12.5% of cases [11]. Most patients with
metastatic lesions present between 50 and 60 years of age, and there is no differ-
ence with regard to the gender of the patients.

Pathological spine fractures

are frequent

These patients are at risk of developing pathological vertebral fractures and
symptomatic spinal cord compression with neurologic deficits. This danger will
increase with the improvement of oncologic treatment and prolonged patient life
expectancy.

Tumors and Inflammation Section 977



a b

c

d

e f g
Case Introduction

A 44-year-old female working for the university complained of severe neck pain and was initially sent for physiotherapy.
Because of the resistance of her symptoms and especially because her doctor had taken into account her medical history
of breast cancer treated several years previously, she was sent for X-ray examination. Standard radiographs showed col-
lapse of the C4 vertebral body with severe angular kyphosis and spinal instability (a, b). Subsequent CT demonstrated
the classical signs of spinal metastasis with pathological fracture and severe osteolysis of C4 as well as spinal instability
and cord compression (c, d). Biopsy was not necessary due to the previous history of breast carcinoma. Because of the
severity of spinal instability with enormous risks for the neurologic structures in a patient otherwise in good general
health, surgical treatment was clearly indicated. Realignment of the cervical spine was obtained by positioning the
patient on the operating table using mild skull traction and neck extension (e). Surgery consisted of a resection of C4 ver-
tebral body and the two adjacent discs followed by spinal reconstruction with bone cement and anterior screw/plate fix-
ation (f, g). Radiotherapy was performed 2 weeks after surgery, after adequate wound healing. The patient was still alive
2 years following surgery.

Pathogenesis

There are four potential pathways of metastasis:

) arterial
) direct extension
) lymphatic
) venous

Spinal metastases that embolize through the arterial system enter the vertebral
bodies through the nutrient arteries. This appears to be a common mechanism of
metastasis for lung cancers and has been suggested as a potential pathway for
prostate cancer [13]. Tumors located either in the retroperitoneum or the medi-
astinum may directly erode into the vertebral bodies as they expand, or they may
enter the spinal canal through neuroforaminae. Although lymphangiography has
demonstrated lymph channels within bone, their clinical significance for tumor
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Figure 1. Pathomechanism of spinal metastases

The richly vascularized vertebral bodies connected with the epidural venous plexus, a valveless system of veins within
the spinal canal (Batson), are suggested to predispose to metastatic embolization.

embolization has not been defined [3]. The most common pathway for metastatic
embolization to the spine is through the venous system. The extremely well
developed vein system of the vertebral bodies connected with the epidural
venous plexus, a valveless system of veins within the spinal canal, is suggested to
be a potential source of metastatic embolization [5].

Increased intra-abdominal pressure has been demonstrated to divert blood
into the epidural venous plexus, thus providing a potential pathway of vertebral
metastatic embolization (Fig. 1).

Spinal metastases

are mainly localized

in the vertebral body

In the spine, the vertebral body is the most common site of metastatic seeding,
and is involved 20 times more often than the posterior elements. This is possibly
due to the affinity of metastatic emboli for developing within red marrow. Less
often the epidural space becomes the initial site of metastasis and only rarely
(<5%) compromise of the patients with neurologic subdural or intramedullary
metastases may occur [11].

Spinal metastases appear

as osteolytic or osteoblastic

lesions

Following cancellous bone seeding, cortical bone invasion, for example meta-
static involvement of a pedicle, occurs secondarily. The host responds by produc-
ing bone in an attempt to repair the injury produced by the cancer invasion. Fast-
growing aggressive lesions are associated with minimum reactive bone and
radiologically appear purely osteolytic. Slow-growing or less aggressive metasta-
ses allow the formation of reactive bone to various degrees and appear radio-
graphically osteoblastic. Mixed areas can occur either within a single metastasis
or at different sites. Histologically, there is no difference in the quality of the reac-
tive bone, which occurs in osteolytic and osteoblastic lesions. Only quantitative
differences are found regarding the amount of reactive bone produced by the
host. Spinal metastases can result

in vertebral body collapse,

spinal instability and canal

compromise

The type of host response present influences the probability that spinal defor-
mity will occur. Spinal metastases that are primarily lytic have a tendency toward
vertebral body collapse and spinal instability. Lesions that are primarily osteo-
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blastic are less likely to result in spinal deformity from loss of vertebral body
integrity. The intervertebral disc appears to be resistant to metastatic invasion.
After metastases have established in the spine, they may cause neurologic com-
promise through several mechanisms:

) direct extension of the metastatic lesion
) metastatic seeding in the epidural space
) pathological fracture with retropulsed tissues (more frequently)
) spinal deformity with localized kyphosis or dislocation

Clinical Presentation

History

Pain is the most common

initial symptom

Spinal metastases may be asymptomatic for a long time and 36% of these lesions
are discovered incidentally [32]. Local pain is the most common initial symptom
of metastatic spinal disease and it is the presenting symptom in up to 96% of the
symptomatic cases.

The cardinal symptoms of spinal metastasis are:

) slowly progressive, continuous, and localized back pain
) pain exacerbation during rest and at night

Additional but less frequent findings may be:

) nerve root pain (unilaterally or bilaterally)
) pain aggravation by coughing, sneezing or movement of the trunk

(instability)
) symptoms of myelopathy due to spinal cord compression

All patients are at risk

of spinal cord compression

Pain is associated with neurologic dysfunction in only 5% of cases. These
patients are at risk of developing symptomatic spinal cord compression and
this danger will continue to increase with the improvement of oncologic treat-
ment [4]. The interval between pain and neurologic deterioration is longer for
cervical or lumbar metastases (up to 6 months) whereas thoracic lesions are
more typically associated with neurologic findings soon after symptoms first
begin.

Physical Findings

Clinical examination is seldom helpful in making the diagnosis. However, the
most frequent but unspecific findings are:

) local tenderness
) pain provocation by flexion, rotation, and percussion

A careful neurologic

examination is mandatory

to diagnose neural

compromise at an

early stage

A thorough neurologic examination is a must to diagnose neural compression
syndromes at an early stage (see Chapter 11 ). Patients may present with either
a spinal cord, conus or cauda equina lesion or radiculopathy depending on the
level of the neurologic compromise. Metastatic lesions affecting the cervical and
thoracic cord produce both motor weakness and spasticity with pathological
reflexes. Lesions at the level of the conus medullaris produce lower motor neuron
paralysis, legs that are hypotonic, loss of reflexes and bladder/bowel dysfunction.
Lesions involving the cauda equina may cause either nerve root, unilateral, or
bilateral lower extremity motor weakness with decreased reflexes. Objective sen-
sory disturbances usually present following the onset of motor dysfunction. Met-
astatic lesions producing posterior compression of the spinal cord may result in
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early posterior column dysfunction, with resulting abnormalities in position
sense and vibratory and light touch sensation.

Diagnostic Work-up

Imaging Studies

All cancer patients

with spinal pain should

undergo spinal imaging

Modern imaging modalities have substantially improved the accuracy in diag-
nosing spinal metastases. Appropriate radiological assessment should be per-
formed in all cancer patients presenting with neck or back pain.

Standard Radiographs

Radiological signs are

delayed on plain X-rays

Although conventional plain X-rays are the most common initial means to evalu-
ate patients with neoplastic disease spinal pain, they are not sensitive indicators
of the presence and extent of metastatic involvement. It has been shown that
30–70% bony destruction must occur before osteolytic metastases can be seen
[15].

Characteristic radiological findings (Fig. 2a, b) suggestive for spinal metasta-
ses are:

) missing pedicle (winking owl sign, Fig. 2c)
) changes in vertebral body contours
) lytic lesions within vertebral body (one or multiple)
) endplate fracture
) vertebral body collapse
) sclerotic areas within vertebral bodies (may represent blastic metastases)

a b c

Figure 2. Radiographic findings in spinal metastases

The classical radiographic signs of spinal metastases are a the missing pedicle and b changes in vertebral body contours
with vertebral body collapse and kyphotic deformity. c The winking owl sign indicates osteolysis of the pedicle.
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Magnetic Resonance Imaging

Today magnetic resonance imaging (MRI) provides the most complete informa-
tion for evaluating a vertebral metastatic lesion and therefore it has become the
imaging modality of choice [6]. MRI is both sensitive and specific and is recom-
mended as the initial study in patients with suspected metastatic spinal disease.
It clearly provides:

) tumor localization (unifocal vs multifocal)
) extent of bony destruction (sometimes better seen on CT)
) soft tissue involvement
) localization of neural compression (anterior, posterior, foraminal)

MRI is the imaging

study of choice

The application of contrast medium is helpful when intrathecal metastasis is sus-
pected. Repeat MRI studies can demonstrate evolution of the disease process
with minimum discomfort to the patient.

Characteristic MRI findings (Fig. 3a, b) suggestive for spinal metastasis are:

) bone marrow replacement with decreased signal on T1- and increased signal
on T2-weighted images
) preservation of disc structure on both T1- and T2-weighted images
) spinal cord compression on T1-weighted images
) compression of subarachnoid space on T2-weighted images
) contrast enhancement of the metastatic vertebral body

a b

Figure 3. MRI characteristics of spinal metastases

The predominant findings of spinal metastases are the bone marrow replacement with decreased signal intensity on
a T1W and increased signal on b T2W images, the preservation of disc structure on both T1W and T2W images, the spinal
cord compression on T1W images and the compression of subarachnoid space on T2W images.
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CT Scans

The CT scan is superior only in the assessment of cortical bone and it has nowa-
days been surpassed by MRI [6]. It can be of value when extensive spinal recon-
structions are required to improve preoperative planning.

Bone Scans

A bone scan should be

performed as screening

for extraspinal tumor

involvement

A radionucleotide bone scan of the skeleton is routinely performed as a
screening to rule out the presence of metastatic disease in the spine and other
areas of the skeleton. Bone scanning is very sensitive and may predate radio-
graphic changes of osteolytic or osteoblastic disease by 2–18 months [22]. It
is not specific to metastatic lesions and will be positive in a variety of benign
processes [30]. However, false negative findings can occur with very aggres-
sive rapidly growing metastatic lesions and multiple myeloma [17]. Success-
fully treated metastases are inactive and may also produce normal bone scans
[17].

Angiography

Because of the lack of specificity and the occurrence of negative scans, this imag-
ing modality has distinct limitations in evaluating the presence of metastatic dis-
ease. It provides poor visualization of the bony structures and cannot evaluate
the presence of spinal canal compromise. For a conclusive screening of the spine,
bone scanning has been surpassed by MRI.

Angiography is helpful

to embolize major feeder

vessels in highly vascularized

metastasis

Angiography has demonstrated to be also very helpful in evaluating the extent
of the tumor, the localization of major feeder vessels, and in providing a vehicle
for embolization as primary treatment or in association with surgical resection,
e.g. highly vascularized renal tumors.

Biopsy

A biopsy is a must prior

to treatment

Either open or percutaneous vertebral biopsy can be performed and it is indi-
cated to confirm metastatic disease in a patient with a known primary tumor, to
evaluate a suspicious radiographic lesion, or to provide tissue for hormonal eval-
uation.

Always consider a second

primary tumor

It is important to consider that the metastasis is not necessarily due to the
known primary tumor but may be a result of a new so far unknown second pri-
mary tumor.

Percutaneous biopsy is better performed using a large biopsy needle in order
to obtain a sufficient amount of tissue. An anterolateral approach is occasionally
used in the cervical spine while a posterior transpedicular approach is preferred
in the thoracic and lumbar spine. The biopsy can be performed under image

CT guidance is preferred

for optimal biopsy

intensifier control but CT guidance is preferable because of the more accurate
spatial resolution. The accuracy rate for percutaneous bone biopsies is reported
to be 95% in diagnosing metastatic lesions and the complication rate is as low as
0.2% [26, 27].

Laboratory Investigation

Routine blood studies are non-specific and often not very helpful in diagnosing
spinal metastases. However, for a comprehensive tumor screening the following
investigations are recommended:
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) complete blood count
) calcium
) phosphorus
) alkaline phosphatase
) urea
) creatinine
) total proteins
) tumor markers

Hypercalcemia frequently

occurs in cancer patients

Hypercalcemia, which is frequently observed in cancer patients with metastatic
disease, is thought to be the result of either resorption of bone in osteolytic
lesions or tumor secretion of bone resorbing humoral substances. Tumors often
produce antigens or markers that can be recognized with modern radioimmuno-
assays. The most frequently used antigens are the carcinoembryonic antigen
(CEA) and the prostatic specific antigen (PSA).

Classification

Numerous classifications have been proposed to describe the clinical presenta-
tion (pain, neurologic function, radiographic changes) and results of treatment
for patients with spinal metastases. As the treatment of malignant diseases
advances and the percentage of patients developing symptomatic metastases
increases, there has been a clear need for a better selection of patients requiring
these treatments. The most recent scoring systems [12, 19, 20, 23, 33–36] not
only take into account the:

) local extension of the spinal lesion
but are also based on:
) general health status of the patients
) neurologic conditions
) primary site of the cancer
) number of spinal metastases
) existence of extraspinal bone metastases
) involvement of major internal organ metastases

Classification systems

help to guide further

management

According to these classification systems, it is possible to formulate guidelines for
the treatment corresponding to patient condition and estimated length of sur-
vival.

The most recently introduced Tokuhashi scoring system is based on six
parameters to assess the severity of the metastatic spinal disease [33, 34]:

) general condition of the patient (Karnofsky performance status) [23]
) number of extraspinal metastases
) number of vertebral metastases
) metastases to major organs
) primary tumor site (length of survival)
) severity of spinal cord palsy (Faenkel’s grades)

Each of the six parameters is graded from 2 (positive) to 0 points (negative per-
spective). Their score allows the prediction of a postoperative survival period
(<3 months with 5 points or less, >12 months with 9 or more points) and there-
fore the indication for surgical management for each patient with spinal metasta-
sis.
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Non-operative Treatment

The treatment of symptomatic spinal metastases remains controversial. The can-
cer patient should not be withheld modern advances in medical care, even if they
are merely palliative. The general goals of treatment are (Table 1):

Table 1. General goals of treatment

) relieve pain
) reverse or prevent a neurologic deficit
) restore spinal stability
) correct spinal deformity
) cure the disease (in case of a solitary metastasis)
) improve remaining quality of life

It is important to maintain realistic treatment goals, which are to provide pain
relief and to prevent the complications of the metastatic disease process, espe-
cially neurologic complications. Symptomatic spinal metastases can be treated
with various treatment options including:

) hormonal treatment
) chemotherapy
) steroids
) radiation therapy
) surgical interventions

However, for most cases a combination of these options is best suited. The choice
of therapy is also based on the general objectives of treatment.

A multidisciplinary

approach is mandatory

Ideally every patient should benefit from a multidisciplinary team approach
involving oncologists, radiotherapists and spinal surgeons, in order to find the
best management concept and timing.

Steroids

Steroids are used initially

in acute neurologic

deterioration

In acute neurologic deterioration, the use of steroids has been shown to be effec-
tive in stabilizing and sometimes reversing neurologic dysfunction. Dexametha-
sone has been demonstrated to reduce the spinal cord edema and pain associated
with some spinal column tumors. Dosage schemes range from a low dose of
dexamethasone (16 mg/day in divided doses) to very high doses (96 mg/day) [7].
The optimal dose which is necessary to treat patients with acute spinal cord com-
pression is somewhat controversial. In addition, it is unclear whether high doses
are associated with improved neurologic outcomes when compared to low-to-

Higher dose steroid

treatment is not proven

to be better than low-dose

treatment

moderate doses. High-dose steroids are associated with significantly higher
complication rates such as hyperglycemia, gastrointestinal ulceration and perfo-
ration, and avascular necrosis of the hip. In addition, steroids may affect the yield
of biopsy specimens of undiagnosed spinal masses.

Radiotherapy

Radiation therapy has become a well-established modality for the treatment of
symptomatic skeletal metastases. Significant pain relief has been reported to
occur in 70–90% of patients, probably depending on the etiology of the tumor
[3]. When evaluating patients with possible neoplastic cord compression for
radiotherapy, it is important to determine the tumor size and extent, pathological
grade, relative radiosensitivity and whether the source of compression is from
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the tumor mass or whether it is from bony fragments. Favorable indications for
radiotherapy are (Table 2):

Table 2. Indications for radiation therapy

) radiosensitive tumor
) neurologic deficit is either stable or slowly progressing
) spinal canal compromise resulting from soft tissue impingement
) multiple myelographic blocks
) no evidence of spinal instability
) systemic condition of the patient precludes surgical consideration
) widespread spinal metastatic disease
) poor prognosis for long-term survival

Radiation therapy is rou-

tinely used in symptomatic

skeletal sensitive metastases

Patients with significant neoplastic bony destruction will often have concomitant
pathological vertebral fractures, with retropulsion of vertebral body fragments
into the spinal canal that may impinge on the spinal cord. Radiotherapy has no
chance of relieving the compression in these cases. In addition, the bony destruc-
tion may result in destabilization of the spinal column, which may predispose the
patient to future neurologic injury. These patients are best managed with surgi-
cal decompression and stabilization in case their overall medical condition will
permit surgery.

The standard radiotherapy protocol for palliation of spinal tumors is 300 cGy
daily fractions up to a total dose of 3000 cGy. A single posterior field or opposed
fields are used to encompass the involved segments plus one to two levels above
and below [7]. The tolerance of the spinal cord and cauda equina to radiation
therapy is the major limiting factor in treatment with higher doses of radiation.
Higher doses increase the risk of developing radiation-induced myelopathy with
resultant loss of spinal cord function.

After the decision to proceed with radiotherapy has been made, the timing
must be carefully considered. Several studies have shown that radiotherapy has
deleterious affects on wound and bone healing as well as bone graft incorpora-
tion. The negative affects of radiation on skin healing have also been well docu-
mented. The operative incision must be taken into account when developing a
radiation treatment plan to prevent potentially disastrous wound dehiscence and
infection. However, delayed postoperative therapy (>21 days) has not been
shown to have this same negative affect and radiotherapy is presently used in
combination with surgery in the majority of spinal metastases operated on [3, 10,
16, 38].

Delayed postoperative

radiotherapy is the preferred

treatment

Operative Treatment

General Principles

Before recommending a surgical intervention, several factors should be consid-
ered. The surgeon must determine whether the patient is an appropriate surgical
candidate. This consideration should include [3]:

) life expectancy of the patient (at least 3–6 months)
) immunologic status
) nutritional status
) tissue conditions (previous radiotherapy)
) pulmonary function should be evaluated and taken into consideration

A formal tumor staging is

required prior to treatment

In this context, a formal tumor staging is required and classification of the spinal
metastasis (e.g. Tokuhashi score) is often helpful.
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The general indications for surgery are (Table 3):

Table 3. General indications for surgery

) intractable pain
) progressive neurologic compromise
) spinal instability and deformity
) potentially curable disease
) radioresistant tumors
) failure of radiotherapy
) failure of chemotherapy
) need for open biopsy

General Surgical Techniques

Percutaneous Vertebroplasty

Vertebroplasty is better

performed if the posterior

vertebral wall is intact

Vertebroplasty was first developed for the treatment of vertebral angiomas and
the indications have been successively extended to osteoporotic vertebral frac-
tures and spinal metastases [14]. The procedure is generally performed using
local anesthesia with fluoroscopic or CT guidance. From a posterior approach,
the vertebroplasty needle (about 8–10 gauge) is introduced through a transpedi-
cular approach to the center of the vertebral body. Polymethylmethacrylate or
special vertebroplasty cements are injected under careful radiological control.
The goal of the procedure is pain relief (obtained in >80% of cases) and the con-
solidation of the vertebra avoiding further collapse. Vertebroplasty is performed
in the thoracic and lumbar spine. Pathological fractures with an intact posterior
wall are the best indication. In experienced hands, the technique can be per-
formed under very careful fluoroscopy control also in cases with some degree of
posterior wall destruction.

Decompressive Laminectomy

Laminectomy alone

is rarely indicated

Decompressive laminectomy alone is rarely indicated because metastatic lesions
normally arise from the vertebral body and result in epidural compression that is
either anterior or anterolateral to the thecal sac. In these cases, laminectomy is
not effective. It produces spinal instability and is reported not to be more effec-
tive than radiotherapy in the improvement of neurologic deficits [21, 37].

However, posterior decompression without instrumentation is indicated in:

) tumors arising from the posterior elements and producing posterior epidu-
ral compression
) patients with multiple vertebral involvements without spinal instability
) rapidly progressive paralysis in very advanced tumor stage (where extensive

spinal procedures would be ill advised)

Prophylactic laminectomy sometimes over several levels can be indicated but
should better be done in conjunction with spinal instrumentation to avoid fur-
ther vertebral collapse.

Metastatic tumors involving the upper cervical spine (C1 or C2) are difficult to
address with an anterior approach. Due to the wide spinal canal in this particular
area of the spine, they can be treated with decompressive laminectomy, realign-
ment of the spine and posterior segmental instrumentation extended to the occi-
put (Case Study 1) [25].
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Tumor Resection and Spinal Stabilization

In contrast to decompressive laminectomy, the general goals of treatment
(Table 1) in metastatic spinal tumors are best accomplished by:

) decompression of neural structures
) debulking (or, if possible, en bloc resection) of the metastasis
) realignment of spinal deformity
) spinal reconstruction/stabilization

However, the feasibility of the various approaches depends on:

) location and extent of neural impingement
) number of vertebrae involved
) region of the spine affected
) need for spinal stabilization
) patient’s medical condition

Specific Surgical Techniques

Cervical Spine

Tumors involving a vertebral body between C3 and C7 (possibly T1) can be easily
approached with classical anterolateral exposure of the cervical spine [25]. For
this surgery, the patient is placed prone on the operating table with the cervical
spine in extension and mild skull traction. Patient intubation may need to be per-
formed under endoscopic guidance due to the severe spinal instability. Following
exposure of the spine, the affected vertebral body and the two adjacent discs are

Corpectomy and anterior

column reconstruction is the

therapy of choice for

vertebral body lesions

completely resected to the posterior longitudinal ligament. Care is taken always
to work in a posterior-to-anterior direction and never towards the spinal canal.
The realignment of the cervical spine is easy and mainly occurs spontaneously
after the vertebrectomy is completed. The reconstruction of the vertebral body is
obtained using bone cement or a special reconstruction cage and spinal fixation
with anterior plate and screws is finally performed to produce a solid spinal sta-
bilization (Case Introduction). In the cervical spine, a two or more level involve-
ment will require additional posterior instrumentation.

Tumors involving C1/C2, multilevel cervical metastases, or the cervicothora-
cic junction without spinal instability are better addressed from posterior as pre-
viously described [25, 29]. One or multilevel level laminectomy combined with a
plate/rod fixation using lateral mass screws or possibly pedicle screws will pro-
vide spinal stabilization (Fig. 4).

Metastases at the craniocer-

vical and cervicothoracic

junctions are better treated

from posterior (if possible)

Metastatic tumors involving the upper cervical spine (C1 or C2) are difficult to
address with an anterior approach. Due to the wide spinal canal in this particular
area of the spine, they can be treated with decompressive laminectomy, realign-
ment of the spine and posterior segmental instrumentation extended to the
occiput (Case Study 1).

Thoracic Spine

Tumors involving the thoracic spine between T7 and T12 can be easily
approached through a standard thoracotomy [3, 7, 8, 18, 35]. The segmental ves-
sels, which course in the vertebral body depressions between the intervertebralSolitary thoracic vertebral

body metastases are best

treated by anterior

corpectomy and spinal

reconstruction

discs, are ligated and divided. The intervertebral discs are completely resected
back to the posterior longitudinal ligament. The tumoral mass is progressively
removed down to the posterior longitudinal ligaments with rongeurs, curettes
and, if necessary, high-speed drills. Following an adequate corpectomy, the pos-
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Figure 4. Treatment of metastasis at the cervicothoracic junction

a, b A 41-year-old lady with a history of breast cancer and multilevel vertebral metastases and cord compression in the
cervicothoracic junction. c, d Decompressive laminectomies and multilevel posterior stabilization with lateral mass
screws in C4 and C5, and pedicle screws from C7 to T6, were performed at surgery.

a b c d

e

f g

Case Study 1

A 74-year-old man with a history of lung adenocarcinoma presented with disabling upper neck pain resistant to major
pain medication. Physical examination revealed adequate general health and a normal neurologic status. Radiological
assessment including plain X-rays and MRI showed a pathological fracture of C2 with severe instability and cord com-
pression (a–c). The patient was selected for a posterior approach. After careful intubation under endoscopic guidance,
partial spinal alignment was obtained by positioning the patient on the operating table with high skull traction and neck
extension (d). Cord decompression was obtained by laminectomy of C1/C2 and enlargement of the foramen magnum.
Occipitocervical fixation was performed using a screw/rod system from the occiput down to C4 (e–g). The patient died
1½ years after surgery with preserved neurologic conditions and free of neck pain.
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Figure 5. Treatment of thoracic vertebral body metastasis

a, b A 74-year-old man with multiple myeloma and T7 pathological fracture with cord compression. c Anterior resection
of the T7 vertebral body and the adjacent discs was carried out before spinal reconstruction with a cage and a screw/rod
fixation system.

terior longitudinal ligament typically bulges into the defect created between the
intact vertebral bodies. It should be removed to allow a complete excision of all
the tumor that has infiltrated into the spinal canal. The reconstruction of the ver-
tebral body is obtained using bone cement or a special reconstruction cage. Bone
graft is only indicated in cases with a long life expectancy. However, bone integra-
tion may be a problem in cases with postoperative radiotherapy. Spinal stabiliza-
tion is completed with an anterior plate and screw system to obtain solid spinal
reconstruction (Fig. 5).

Metastatic lesions localized in the upper thoracic spine are more difficult to
address using an anterior approach. A sternotomy is sometimes required and
this particular surgery should be performed only in patients with long life expec-
tancy [3, 35, 38].

Posterior transpedicular

vertebrectomy is a valid

alternative for tumors in the

entire lumbar and thoracic

spine

The technique of posterior transpedicular vertebrectomy (Fig. 6) has been
described as a valid alternative approach for tumors localized in the entire tho-
racic and lumbar spine [1, 7, 8, 10, 24]. Using this technique, posterior cord
decompression is obtained through a large laminectomy extended laterally to the
costotransversal joints. The surgery is continued by performing the spinal
instrumentation before the hemorrhagic phase of tumor resection. Pedicle
screws are placed in the adjacent vertebrae, usually one level above and one
below. The procedure is followed by the complete resection of both pedicles using
drill, curettes and pituitary rongeurs until exposure of both nerve roots. Follow-
ing the pedicle structures, in an oblique inwards direction, a cavity is created in
the vertebral body by piecemeal tumor resection. The vertebrectomy is progres-
sively carried out as an eggshell procedure, taking care to leave the vertebral
body cortex intact and avoid any injury with the anterior located segmental ves-
sels. Using the same access and passing above and below the nerve root, the adja-
cent discs are also resected. The vertebrectomy is completed by ventrally pushing
and resecting the tissues left along the posterior longitudinal ligament. Care
must be taken not to push against the cord. The reconstruction of the anterior
column is obtained using methylmethacrylate pushed into the defect with a large
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Figure 6. Single-stage posterior transpedicular vertebrectomy and circumferential reconstruction

a For metastatic compressive fractures of the thoracic and lumbar spine in a patient with fair general health and/or multi-
ple metastases, an accepted approach is a vertebrectomy and reconstruction through a single-stage posterior transpedi-
cular approach. b Pedicle screw instrumentation of the vertebrae above and below is first performed. The posterior
decompression includes complete laminectomy, cord decompression, facet joint resection and pedicle removal on both
sides. Careful piecemeal vertebrectomy and resection of the two discs is performed from posterior using curettes and
pituitary rongeurs. c At this point, the previously inserted instrumentation is used to realign the spine. d The vertebral
body is reconstructed using bone cement, which can be finally compressed by the instrumentation in order to obtain
solid fixation.

syringe. The definitive posterior instrumentation is then completed connecting
the previously inserted pedicle screws with two lateral rods (Case Study 2). This
technique may be less effective in the radical resection of the metastatic lesion
but has been described as less invasive for the patient who does not require post-
operative ICU recovery and can be immediately mobilized without external sup-
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Case Study 2

A 78-year-old man with a history of lung adenocarcinoma
presented with severe mid thoracic pain and signs of cord
compression in both lower extremities. Radiological
assessment including plain X-rays and MRI revealed a
pathological fracture of T5 with very severe cord compres-
sion at the same level (a–c). Due to limited general condi-
tions, the patient was selected for a posterior approach.
Large cord decompression was obtained by T5 laminec-
tomy, resection of both pedicles and partial posterolateral
vertebrectomy. Spinal reconstruction followed using bone
cement and T4–T6 pedicular screw instrumentation (d–e).
The patient was still alive 1 year after surgery.

port [1, 8]. This procedure is consequently indicated for patients with limited
general health condition and life expectancy.

Endovascular embolization plays a critical role in the management of certain
spinal tumors. Some metastatic lesions such as renal cell or thyroid tumors are
extremely hypervascular, which may result in tremendous intraoperative blood
loss. Preoperative angiography and embolization offer a means of reducing the
blood supply to the tumor mass, thus significantly reducing the morbidity asso-
ciated with surgical resections with only a minimal complication rate [31]. This
procedure is recommended to be performed within the 48 h preceding surgery.

Lumbar Spine

Metastatic lesions localized between L1 and L4 can be managed (tumor debul-
king and spinal reconstruction) in a similar fashion to the tumors of the mid-
lower thoracic spine as previously described. Depending on the location, a lateral
retroperitoneal lumbotomy or a low thoracotomy with release of the diaphragm
will be required to expose the lumbar spine [3, 9, 11, 35].

Metastasis of the lumbar

spine can be approached

from an anterior as well as a

posterior approach

Tumor localized in L5 can be resected through an anterior retroperitoneal or
transperitoneal approach. Due to the localization, the instrumentation to the
sacrum is not possible and an additional posterior fixation will complete the spi-
nal reconstruction [3].

Posterolateral Vertebrectomy

Posterolateral vertebrectomy with instrumentation as described for the thoracic
spine can also be advocated in the lumbar spine [1, 8, 10, 24]. In this area, the
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Case Study 3

A 53-year-old woman with a history of breast cancer presented with invalidating lumbar pain. Physical examination
revealed adequate general health and normal neurologic status. Radiological assessment including plain X-rays and MRI
showed an L2 pathological fracture with moderate narrowing of the spinal canal (a–c). Liver and other skeletal metasta-
ses were also detected. The patient was selected for a posterior approach. Temporary pedicle screw instrumentation was
first accomplished in order to stabilize the spine during decompressive laminectomy (d, e). Bilateral pedicle resection
and posterolateral vertebrectomy using pituitary rongeurs and bone curettes was carried out (f, g). Intervertebral dis-
traction using the previously inserted instrumentation allowed more radical vertebrectomy (h). The operation was com-
pleted by spinal reconstruction with bone cement, restoration of lumbar lordosis and final L1 – L3 instrumentation.

debulking of the lesion will be even easier, the surgeon being able to retract the
neural structures for the posterolateral resection of the tumor. Using the poste-
rior instrumentation, partial reduction of the deformity caused by the pathologi-
cal fracture can be obtained prior to the reconstruction of the spine using bone
cement (Case Study 3).

Radical Resection and Reconstruction

Radical tumor resection and

spinal reconstruction is indi-

cated in solitary metastasis

In some rare conditions, such as patients with a solitary metastasis localized in
the spine or those with an especially good prognosis (as for example indicated by
a scoring system), a more radical resection of the tumor may be indicated. Spon-
dylectomy is normally performed through a combined approach with a poste-
rior resection of the arch and an anterior radical corpectomy using a ventrolat-
eral thoracotomy or a thoracoabdominal retroperitoneal approach [18]. When
reasonable survival is expected, spinal reconstruction using biological material
(cage and autologous bone graft) and plate fixation is preferred.

Postoperative Patient Management

One of the major goals of surgery is to improve the remaining quality of life.
Therefore, surgery must allow for an early mobilization of the patient without
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rigid external fixation. In the vast majority of these cases, additional radiother-
apy is performed about 2 weeks after surgery, as soon as complete wound healing
is observed. In cases with previous radiotherapy, the surgeon may consider
administering prophylactic antibiotics until the wound has healed to reduce the
risk of infections because postoperative infections are often a detrimental com-
plication which reduce life expectancy.

Recapitulation

Epidemiology. About two-thirds of cancer patients
will develop metastases and the spine is a predom-

inant area for these. Breast, lung, prostate and kid-
ney are the most frequent primary tumors metasta-
sizing to the spine. Pathological spine fractures are
frequent with potential risks of neurologic compli-

cations.

Pathogenesis. The most frequent metastatic path-

way is believed to be venous. Arterial, lymphatic
and direct extension of the tumor are other possi-
ble pathomechanisms. Spinal metastases are main-
ly localized in the vertebral body and appear as
osteolytic or osteoblastic lesions. They can result in
vertebral body collapse, spinal instability and neu-
ral compromise.

Clinical presentation. Localized pain is the most
common initial symptom. It is aggravated by the
trunk movement, sometimes by coughing or sneez-
ing. Less frequent are nerve root pain (unilateral or
bilateral) and myelopathy signs due to spinal cord
compression. The physical findings are often non-
specific (local tenderness) unless neurologic defi-
cits are present.

Diagnostic work-up. All cancer patients with spinal
pain require spinal imaging. Radiological signs are
delayed on plain X-rays. Missing pedicle, changes in
vertebral body contours, lytic lesions within verte-
bral body, endplate fracture and vertebral body col-
lapse are common findings. MRI is the imaging

study of choice. Characteristic findings on MRI are
bone marrow replacement with decreased signal
on T1W and increased signal intensity on T2W im-
ages, preservation of disc structure, spinal cord
compression and contrast enhancement of the
metastatic vertebral body. Bone scan is routinely
performed to rule out bony metastases in the skele-
ton but is non-specific. The identification of the

primary tumor is very important and must be at-

tempted in every case prior to treatment. Percuta-
neous biopsy (CT guided or under image intensifier
control) is reported to have a 95 % accuracy rate.
The most frequent primary tumors are breast
(17 %), lung (16 %), prostate (9 %) and kidney (6 %).
Blood studies are non-specific.

Non-operative treatments. The general goals of

treatment are to relieve pain, reverse or prevent
neurologic deficit, restore spinal stability, cure the
disease (in case of a solitary metastasis) and im-
prove remaining quality of life. A multidisciplinary
approach involving oncologists, radiotherapists
and spinal surgeons is a standard of care. Steroids

are used initially in patients with acute neurologic
deterioration. Radiation therapy is routinely used
in symptomatic skeletal metastases and can be in-
dicated in cases with radiosensitive tumors, stable
or slowly progressing neurologic deficits, spinal ca-
nal compromise resulting from soft tissue impinge-
ment, no evidence of spinal instability, widespread
spinal metastatic disease, contraindications for sur-
gery or poor prognosis with short life expectancy.
Radiotherapy is normally used as combined treat-
ment following surgery.

Operative treatment. Surgery is indicated in pa-
tients with intractable pain, progressive neurologic
changes, failure of radiotherapy during or after ra-
diotherapy, spinal instability, cord compression or
in radioresistant tumors. Decompressive laminec-

tomy alone is rarely indicated. The goals of surgical
intervention are better accomplished combining
decompression of neural structures, debulking of

tumor mass, realignment of spinal deformity and
spinal reconstruction with instrumentation. Differ-
ent anterior or posterior approaches are possible
and will depend on location and extent of neural
impingement, number of vertebrae involved, re-
gion of the spine affected, need for spinal stabiliza-
tion and the patient’s medical condition.
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Key Articles

Tokuhashi Y, Matsuzaki H, Hiroshi O, et al. (2005) A revised scoring system for preoper-
ative evaluation of metastatic spine tumor prognosis. Spine 30:2186–2191
Clinical and radiological assessment of patients with spinal metastases. Preoperative
classification system with guidelines for surgery and prognosis.

Wise J, Fischgrund J, Herkowitz H, et al. (1999) Complications, survival rates, and risk
factors of surgery for metastatic disease of the spine. Spine 24:1943–1951
Retrospective study analyzing risk factors for surgical complications. A relatively long
survival time after spinal surgery and a low rate of major complications justify surgical
treatment. Careful preoperative selection is discussed.

Bilsky M, Boland P, Lis E, et al. (2000) Single-stage posterolateral transpedicle approach
for spondylectomy, epidural decompression and circumferential fusion of spinal metas-
tases. Spine 17:2240–2250
Retrospective study and a good description of the surgical technique for posterolateral
vertebrectomy and spinal reconstruction. The authors demonstrate the feasibility of the
technique with a low complication rate and no need for ICU in the postoperative follow-
up.

Gokaslan Z, York J, Walsh G, et al. (1998) Transthoracic vertebrectomy for metastatic
spinal tumors. J Neurosurg 89:599–609
Article reporting the surgical technique for radical vertebrectomies in the thoracic spine.
Indications and complications are reported in a retrospective study.
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35
Intradural Tumors

Yashuhiro Yonekawa, Richard Marugg

Core Messages

✔ Intradural spinal tumors can be classified into
extramedullary tumors (tumors that are inside
the dura but outside the spinal cord – approxi-
mately 65 % of cases) and intramedullary
tumors (tumors within the spinal cord tissue –
approximately 35 % of cases)

✔ The majority of intradural extramedullary
tumors (80 %) are meningiomas and nerve
sheath tumors (neurinomas and neurofibromas)

✔ Intradural intramedullary tumors are frequently
(60 %) ependymomas and astrocytomas

✔ MRI is the diagnostic method of choice
✔ Introduction of the microsurgical technique has

greatly improved surgical results

✔ Intraoperative ultrasound localization or navi-
gation can be helpful, while intraoperative neu-
rophysiological monitoring still needs to be
refined for credible use

✔ Most extramedullary tumors can be resected
totally. For intramedullary tumor a gross total
resection can be achieved in ependymomas,
hemangioblastomas and cavernous angiomas
with a clear cleavage plane between the tumor
and normal spinal cord tissue. This is not usu-
ally the case in astrocytomas

✔ Consideration should always be given to
whether the spine has been rendered unstable
by the pathology or by surgical intervention

Epidemiology

Successful removal of a spinal tumor was first reported by Horsely in 1888 [15].
Elsberg proposed a two-stage operation in the case of intramedullary tumors
lacking a definitive plane between the spinal cord and tumor in the early part of
the twentieth century [12, 13], albeit with high morbidity and mortality. With
new technological advances especially the introduction of the bipolar coagulator
and microsurgery, starting in the 1950s and 1960s respectively [16, 17, 21], the
surgical risks were dramatically reduced.

Intradural tumors especially

intramedullary tumors are

rare and are most often

slow-growing tumors

Intradural tumors represent about 10% of primary central nervous system
(CNS) tumors, and about two-thirds of these tumors are in an extramedullary
location. Around 80% of extramedullary tumors are meningiomas and nerve
sheath tumors (neurinomas and neurofibromas). Fifteen percent of extramed-
ullary tumors are ependymomas of the filum terminale in the conus cauda
region. Although the filum terminale is of neuroectodermal origin, these
tumors are often categorized as extramedullary from the anatomical and surgi-
cal point of view. Rare tumors such as paragangliomas, drop metastases or
granulomas represent the remaining 5% [9]. Intramedullary tumors are
uncommon and the incidence is below 1 per 100000 population. Most of them
are slow-growing neoplasms. More than 60% of all spinal cord tumors are glio-
mas, e.g., ependymomas (Case Introduction) and astrocytomas. Around 70%
of tumors are located in the cervical or upper thoracic part of the spinal cord
[3, 14, 20].
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Case Introduction

A 32-year-old woman presented with a 9-month history of complaints. In the last pregnancy trimenon she complained
about paresthesias in the right leg with an increasing weakness of both legs. Just after the normal delivery, she had a
complete paraplegia for 5 min. Three months later she noticed paresthesia in the left hand, followed by a bandlike pain-
ful dysesthesia radiating to the chest and weakness in both arms. The MRI of the spine showed an intradural intramedul-
lary tumor (a, c). The cervical cord is enlarged at both ends of the solid tumor component, which shows a contrast
enhancement. At the caudal end of the tumor a cyst is visible. The signal behavior of the cyst is similar to cerebrospinal
fluid and at the rostral end multicystic formations are visible. At both ends of the tumor there are hydromyelia and exten-
sive edema. The tumor was grossly radically resected by posterior midline longitudinal myelotomy (for surgical treat-
ment see Fig. 5). The histopathologic diagnosis was ependymoma (WHO grade 1). The patient showed no additional
postoperative deficits; the motor function was intact. Postoperative MRI (b, d) shows the cervical spinal cord after tumor
resection. At the time of follow-up 3 months later, the patient showed normal motor function but complained of girdle-
like dysesthesia at the chest radiating into the small finger on the left side.

Multiplicity of extramedullary tumors and their association with intramedullary
tumors is typical for patients with neurofibromatosis [24, 38].

Etiology and Pathogenesis

Some neoplasms appear

to be the result of genetic

disease

The etiology of intradural tumors remains unclear, but there is now considerable
evidence that some neoplasms are the result of genetic disease. Genetic studies of
tumors are focused on chromosomal aberrations, the role of mitogenic differen-
tiation factors and their surface receptors, growth factors, oncogenes and tumor
suppressor genes.

Multiple meningiomas in combination with bilateral acoustic neurinomas
establish the diagnosis of neurofibromatosis Type 2 (NF-2). An NF disorder
should be considered even in patients with solitary meningioma or nerve
sheath tumor. Between 35% and 45% of patients with nerve root tumors have
neurofibromatosis. Intramedullary tumors are common in NF-2 (Fig. 1). These
are typically ependymomas. NF-2 is associated with an abnormality on chro-
mosome 22 [24, 38]. Spinal hemangioblastomas occur in 30% of patients with
von Hippel-Lindau disease, which is associated with an abnormality on chro-
mosome 3 [31].
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Figure 1. Neurofibromatosis Type 2

A patient with neurofibromatosis Type II. a, b Different intradural extramedullary (meningiomas and neurofibromas) and
intradural intramedullary tumors (ependymoma) as well as c extraspinal tumors are to be seen in the whole spine.

Disorders associated

with intradural spinal

tumors are neurofibro-

matosis Type 2 and von

Hippel-Lindau disease

For unknown reasons most intramedullary tumors are benign, in contrast to
brain tumors.

The spinal cord has an enor-

mous functional adaptabil-

ity to slowly growing com-

pressive tumors

Often an extensive perilesional edema can be found in a caudal and rostral
direction, which is considered to be due to impaired venous return in the pres-
ence of the special anatomy of the valveless venous plexus [27]. Around 70% of
intramedullary tumors are accompanied by syringo- or hydromyelia and/or
intramedullary cyst formation. There is an enormous functional adaptability
of the spinal cord tissue to compression of slow-growing tumors, so that the
average reported duration between the onset of symptomatology and the diag-
nosis has been reported to be as long as 3.5 years. Neurological impairment is
produced mainly by compression of the tissue rather than by tumor invasion
[31].

Classification of Intradural Tumors

Intradural-Extramedullary Tumors

Meningiomas

Meningiomas frequently

occur in the thoracic spine

and in females

The arachnoid cap cells or immature fibroblasts of the dura are considered to be
the tumor precursor cells. Most meningiomas are found entirely intradurally.
However, transdural growth or entirely extradural growth is also possible. Inva-
sive growth or hyperostotic reaction of the bone is rare. Tumors are predomi-
nantly found in the thoracic spine. The tumor attachment is often lateral with a
ventral or dorsal extension.

Symptomatology

is very insidious

The upper cervical spine and the foramen magnum are also common sites.
Meningiomas of this location often occupy a ventral or ventrolateral position and
may adhere to the vertebral artery near its intradural entry and initial intracra-
nial course [1, 4, 33, 35]. The ratio of spinal to intracranial meningiomas is about
1 :8; the mean age at presentation is 56 years. More than 80% of spinal meningio-
mas occur in women [24, 35]. Multiple spinal meningiomas are rare. Meningio-
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mas in the region of the conus and cauda equina are uncommon, representing
only 2% of all spinal cord meningiomas. Due to the predilection for the thoracic
location and above-mentioned functional adaptability of the spinal cord, clinical
symptoms are very insidious.

A complete removal of spinal meningiomas is achieved in the vast majority of
cases with a recurrence rate of less than 10%. Aggressive meningiomas and
malignant upgrading of spinal meningiomas are extremely rare [24, 35].

Nerve Sheath Tumors

Two main types are found in the spine:

) neurinoma (schwannoma or neurilemoma)
) neurofibroma

Nerve sheath tumors occur

at every level of the spinal

canal

The proliferating cell is the Schwann cell. Neurinomas (Case Study 1) are well-
circumscribed intradural or extradural or combined intra-extradural tumors
starting either from the nerve sheaths of peripheral nerves or spinal nerve roots
or peripheral nerves. Their occurrence can be sporadic or can be within the
scope of NF-2 or less frequently of NF-1 [7, 9, 25, 38]. Most are solitary and dis-
tributed equally over the whole spinal canal level.

Peak incidence is around the 5th decade. Males and females are equally
affected. Most nerve sheath tumors are intradural. Around 10% of tumors extend
through the dural root sleeve, comprising the so-called “dumbbell” type. Most
nerve sheath tumors derive from a dorsal nerve root, while ventral nerve root
tumors are neurofibromas.

Nerve sheath tumors

can mimic the symptoms

of disc herniations

The clinical symptoms are often indistinguishable from those associated with
disc herniation: pain and radiculopathy, followed by paresthesias and limb weak-
ness. Spinal cord compression can result in myelopathic symptoms. A sarcoma-
tous transformation has been reported to occur in up to 11% of patients with
neurofibromatosis [31].

Filum Terminale Ependymoma

From the anatomical and surgical perspective this tumor is often categorized as
extramedullary in location, although it should be classified as an intramedullary
tumor, since the filum terminale is of neuroectodermal origin. Astrocytomas,
oligodendrogliomas and paragangliomas can also originate in the filum termi-
nale. Myxopapillary ependymoma is the most common histologic type [30].

Paraganglioma

Paragangliomas are rare tumors that are found in the cauda equina and filum ter-
minale [37].

Differential Diagnosis

Differential diagnosis includes rare non-neoplastic causes of diffuse nerve root
enlargement or thickening such as:

) toxic neuropathy
) inflammatory neuritis
) sarcoidosis (Fig. 2a)
) histiocytosis
) spinal intradural malignant metastasis (Fig. 2b, c)
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Case Study 1

A 40-year-old woman noticed gait disturbance of abrupt
onset with motor weakness of the right lower limb and a sen-
sory impairment below the level of T6 but without sphincter
disturbances. Since 2 years previously she had suffered from
progressive thoracic pain. Since 1 year previously the thoracic
back pain had worsened associated with paresthesias in both
legs, more on the right side. Fifteen and 8 years previously,
she had microdiscectomies at the level of L4/5 and L5/S1. Due
to a tachyarrythmia a heart pacemaker was implanted at the
age of 20 years. Therefore a myelography and a myelo-CT
were performed as the diagnostic method of choice instead
of the contraindicated MRI. The myelography (a, b) demon-
strated the tumor and the cord contour and the contrast
block at the level of the caudal tumor pole at T8. The CT scan
after the myelography presented an intradural-extramedul-
lary tumor on the right side at thoracic level 6 – 8 with an enor-
mous compression of the spinal cord (c, d). A laminectomy at
three levels was performed and a neurinoma (WHO grade 1)
was totally removed (for surgical treatment see Fig. 4).
The sensory roots at the level were partly sacrificed. The post-
operative sagittal reconstructed CT scan (e) of the thoracic
region demonstrated laminectomies, tumor removal and the
contour of the spinal cord without any signs of compression.
Two days after surgery the motor weakness of the lower
extremity was improved so that she could ambulate without
aid. At 12 months follow-up she had no back pain and a nor-
mal gait but still had a sensory disturbance at the thoracic
level due to the sacrificed dorsal roots.
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Figure 2. Differential diagnosis

A differential diagnosis is mandatory because various diseases can mimick a primary spinal tumor. a T2W sagittal image
shows a tumorous lesion at the conus level. Frozen section biopsy revealed a sarcoidosis and further surgery was
stopped subsequent to the biopsy. b Preoperative T2W image and c postoperative MRI of another case with a conus
lesion being a metastasis of a malignant melanoma.

) non-Hodgkin’s lymphoma
) hypertrophic neuropathies, e.g., Dejerine-Sottas disease, Charcot-Marie-

Tooth disease [31]

Intradural-Intramedullary Tumors

Ependymomas

Myxopapillary ependymo-

mas exclusively occur in the

conus and filum terminale

Spinal ependymomas are usually well circumscribed (Case Introduction), arising
from ependymal cells lining the central canal or its remnants and from the cells
of the ventriculus terminalis in the filum terminale. Myxopapillary ependymo-
mas occur exclusively in the conus medullaris and filum terminale. Hemorrhage
and cystic degeneration are common. Ependymomas account for 60% of glial
spinal cord tumors and comprise 90% of primary tumors in the filum terminale
and cauda equina [30, 31]. Mean age is 43 years with a slight female predomi-
nance. For myxopapillary ependymomas of the cauda equina region the mean
age is 28 years with a slight male predominance. Intramedullary tumors are
mainly benign tumors found in children or young adults. Complaints of back
pain or neck pain are found in 65% of patients with intramedullary ependymo-
mas. Previous history is usually often long, because these tumors are slow grow-
ing and there are often mild objective neurological deficits. The average reported

Symptoms precede

diagnosis by years

duration between the onset of such symptomatology and diagnosis has been
reported to be around 3.5 years [2, 3, 14, 27, 31].
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Ependymomas (in adults)

and astrocytomas

(in children) are the two

most frequent

intramedullary tumors

Low back pain or sacral pain, leg weakness and sphincter dysfunction are the
complaints and signs found in patients with myxopapillary ependymomas of the
cauda equina region. Some sacral and presacral lesions can behave aggressively
and can metastasize to the lymph nodes, the lung and the bone [34].

Astrocytoma

Most spinal cord astrocytomas are low-grade tumors. Malignant gliomas are
rare: 15% are anaplastic astrocytoma and 1% are glioblastoma multiforme.
Intramedullary astrocytomas diffusely expand the spinal cord, cyst formation is
common and there is often an associated syrinx. Tumor cysts are often eccentri-
cally positioned within the cord, whereas the syrinx and benign cysts are rostral
or caudal to the tumor and cause symmetric cord expansion. Astrocytoma is the
most common intramedullary tumor in children. Median age is 21 years. The
predominant location is the cervical spine (Fig. 3), followed by the thoracic spine
[6, 13, 14, 20, 26, 32]. Pain is the early presenting symptom. Symptoms or signs of
neurological dysfunction are often lacking early in the course of disease.

Hemangioblastoma

About one-third of patients

with hemangioblastomas

suffer from von Hippel-

Lindau disease

Hemangioblastomas comprise 3–8% of intramedullary tumors. About one-
third of patients with hemangioblastomas have von Hippel-Lindau disease. Ret-
inal or cerebellar involvement often precedes spinal cord symptoms. A highly
vascular nodule with an extensive cyst is found in around half of cases (Case

Study 2), usually emerging at the dorsal portion of the spinal cord. Half of
hemangioblastomas are found at the thoracic level followed by the cervical level.
There are usually prominent leptomeningeal vessels near the lesion. More than
80% of patients are symptomatic before the age of 40 years. Eighty percent of
spinal cord hemangioblastomas are solitary lesions [31].

Figure 3. Astrocytoma

A case of cervical astrocytoma with cyst formation at the caudal tumor
pole and within the tumor. Intraoperatively, no clear cleavage plane could
be found, so the surgery ended up with partial removal and remnant
tumor left to the anterior part. The postoperative follow-up revealed only
slight sensory disturbance and no other neurological abnormalities.
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Case Study 2

A case of hemangioblastoma of
5 years history beginning with sen-
sory disturbance on the left hand
progressing more recently to tetra-
paresis with gait disturbance. This
was embolized twice without subse-
quent surgical removal 1.5 years and

6 months ago respectively. T1W image with CE (a, b) revealing an intramedul-
lary hemangioblastoma at C2 – C4 with hydromyelia formation extending cranially to the medulla and caudally to C6.
Conventional vertebral angiography (c) in the lateral view displaying the tumor staining supplied by radicular arteries
and the anterior spinal artery. MR angiography AP view (d) displaying the tumor with a vascular supply from the anterior
spinal artery and the radicular arteries. The patient underwent microsurgical complete removal of the tumor. Postopera-
tive T1W sagittal (e) and T2W axial (f ) images revealed complete removal of the tumor with disappearing hydromyelia.
MR angiography (g) revealing opacification neither of the tumor nor of the feeding arteries. At 3 years follow-up the
patient presented with good recovery of neurological findings and no signs of recurrence depicted on neuroimagings.
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Other Intramedullary Tumors

Although intramedullary

metastases are very rare,

they must be considered

as an important differential

diagnosis

Oligodendroglioma, ganglioglioma and intramedullary neurinoma can occur
but are rare. Intramedullary metastases are very rare. Intramedullary metastasis
occurs as a result of primary malignancies such as:

) breast cancer
) lung cancer
) lymphomas
) leukemia
) malignant melanoma (Fig. 2b, c) [31]

Cavernous angiomas are briefly mentioned here as these should be differentiated
from other intramedullary tumors and are encountered rather occasionally as is
shown in our series (Table 4). They are similar to intracranial cavernous angio-
mas of typical blackberry appearance associated with localized hemorrhage in
different ages. They become symptomatic between the 3rd and 6th decades and
have a female predominance of 2 :1. They are found most frequently at the tho-
racic level followed by the cervical level [31].

Clinical Presentation

History

The symptoms of a slowly

growing tumor are insidious

The key feature of slowly growing tumors is the long history of signs and symp-
toms due to the substantial plasticity of the spinal cord. The time course of symp-
toms and signs is very insidious and longstanding but can be of abrupt onset due
to hemorrhage in cases of ependymomas and cavernous angiomas. Acute onset
with a subarachnoid hemorrhage can also be a rare presentation of spinal cord
tumors such as neurinomas, cavernous angiomas and ependymomas.

The signs and symptoms differ depending on:

) level
) location
) size of tumor
) speed of growth

In general, intramedullary tumors produce segmental deficits while extramedul-
lary tumors produce radicular and segmental deficits. Both tumors reveal long
tract symptoms and signs in their advanced stage. Lateralization or asymmetry
of early signs and symptoms reflects the lateral location of a tumor. Hemicord
syndrome or Brown-Séquard’s syndrome is observed commonly at the advanced
stage. Mainly in the German literature some stagings of spinal compression have
been advocated:

) early stage – neuralgic stage
) second stage – Brown-Séquard’s syndrome or incomplete transsectional

lesion
) third stage – complete transsectional stage [30]

The cardinal symptoms are:

The cardinal symptoms are

pain and neurologic deficits

) progressive local pain (stiff neck or back pain)
) pain during recumbency (nocturnal pain)
) radicular or myelopathic pain
) non-painful sensory disturbances
) motor weakness (gait disturbance)
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) clumsiness and ataxia
) sphincter disturbances (usually urogenital, less commonly anal)

Nocturnal pain

is the most common form

of pain

The pain might be of the radicular type, with radiation often increasing with Val-
salva’s maneuver and/or spine movement. Segmental or medullary pain (non-
radicular, diffuse non-describable pattern) might be present continuously, radi-
ating into the whole leg or one-half of the body without affection of movement.
Suboccipital pain and distal arm weakness with atrophy and clumsiness of the
intrinsic hand muscles reported to be peculiar to upper cervical and foramen
magnum tumors have been attributed to probable venous return insufficiency
[26].

Physical Findings

A thorough neurological

exam is compulsory

A thorough neurological examination is key to the assessment of spinal tumors.
Findings on clinical examination include:

) sensory deficits (without sacral sparing)
) motor weakness
) gait disturbance
) ataxia
) bowel and bladder dysfunction
) Horner’s syndrome
) headache (due to increased intracranial pressure)
) torticollis
) spinal deformity (scoliosis and kyphosis)

Motor weakness including

gait disturbance usually

occurs late

Sensory disturbance of intramedullary tumors is often characterized by dissoci-
ated sensory disturbance in which pain and temperature sensation are impaired
already in the early stage and touch and position sense are intact. The motor
weakness which often follows the sensory symptoms results in a gait disturbance.

If sacral sparing is present,

an intramedullary tumor

should be suspected

Long tract symptoms are presented with clumsiness and ataxia. Sphincter dis-
turbances are usually urogenital (less commonly anal) with difficulty in evacua-
tion, retention, incontinence, and impotence. They are usually of late manifesta-
tion except for tumors at the conus and cauda equina. Findings of sacral sparing,
however, are frequently observed in patients with intramedullary tumors, since
a distal portion of the impaired level tends to be spared as the sacral fibers locate
peripherally in the lateral spinothalamic tract.

Increased intracranial pressure often associated with papilledema might
occur at any level of extramedullary tumor (preferably at the upper cervical lev-
els) presumably due to elevated protein in the cerebrospinal fluid (CSF); hence its
flow impairment and absorption. Horner’s syndrome (enophthalmos, proptosis,
myosis and loss of sweating) appears at the time of impairment of the lateral horn
between C8 and T3 or of sympathetic pathways in the C8 and T1 anterior roots.
Scoliosis, loss of lordosis or torticollis can take place within the scope of root irri-
tation and muscle weakness or atrophy and has been reported to be present in
one-third of cases with intramedullary tumors.

Diagnostic Work-up

Magnetic resonance imaging should be performed as the first diagnostic modal-
ity when symptoms and signs indicate a spinal tumor should be suspected. The
other imaging modalities are second in line.
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Imaging Studies

Standard Radiography

Standard radiography

sometimes exhibits clues

to intradural tumors

Plain films are still routinely obtained but have a limited diagnostic value. Abnor-
mal findings of intradural tumors can be:

) bony destruction in metastasis or anaplastic tumors
) widening of the spinal canal represented by widening of the intrapedicular

distance
) thinning of the pedicle
) “scalloping” of the posterior vertebral surface (in cases with slow-growing

tumors)
) widening of the intervertebral foramen (especially in patients with neurino-

mas)
) disappearance of the normal spinal curvature
) progressive scoliosis
) tumor calcification

Myelography

Myelography has been superseded by MRI for the diagnostic work-up of intradu-
ral spinal tumors. Myelon distension in intramedullary tumors is outlined by
contrast dye remaining at its periphery. Distension of the myelon is more diffuse
and smooth in astrocytomas than in ependymomas. Extramedullary tumors
show an extramedullary block with cord displacement and “shoulder of contrast
material.”

CT and Myelo-CT

These are the methods of choice in patients in whom MRI cannot be performed
because of contraindications (e.g., pacemaker) (Case Study 1). Typical findings
are:

) bony deformation such as destruction, scalloping, widening of the spinal
canal and/or the intervertebral foramen
) calcification
) contrast enhancement
) spinal cord compression
) expanding medullary mass

Magnetic Resonnance Imaging

MRI is the first choice

in the diagnosis

of spinal cord tumors

MRI is the diagnostic imaging procedure of choice. T1W- and T2W-weighted
(= W) images as well as gadolinium-enhanced T1W images should be systemati-
cally obtained. The entire spinal cord must be studied.

At least two different imaging planes must be used in order to locate the tumor
properly and to differentiate intramedullary tumors from extramedullary
tumors. Coronal sections (anteroposterior view) can demonstrate a tumor in
relation to the bony structures in the same view as in the operating room, which
can be helpful in planning the extent of the laminectomy.

General findings in intradural spinal tumors are:

) Extramedullary tumors and many intramedullary tumors such as ependy-
momas or hemangioblastomas have clear demarcations, but infiltrating
tumors or aggressive tumors of the latter have ill-defined borders. Contrast
enhancement (CE) can be seen quite often, but an enhancing medullary
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mass does not necessarily mean a neoplasm. Both edema and hydromyelia
associated with intramedullary tumors can be very extensive but usually dis-
appear after total tumor removal.

) Solid nodules can be distinguished from cystic elements (the signal behav-
ior of these cysts is usually different from CSF, due to the high protein con-
tent of the fluid).

Most tumors are isointense

but enhance with contrast

medium

) Hemorrhage may complicate spinal cord tumors and can be recognized on
T1W images as hyperintense areas, when the hemorrhage is 1 week to
approximately 4 weeks old. Hemosiderin deposits can later be identified as
low-signal areas on T2W images, preferably obtained by gradient-echo
sequences.

Specific findings for intradural spinal tumors are:
) Nerve sheath tumors are usually isointense on T1W images and hyperin-

tense on T2W images; almost 100% CE positive; foraminal widening; calcifi-
cation rare.
) Meningiomas present as isointense with cord on both T1W images and T2W

images; moderate CE with or without association of dural tail; no bone
destruction; calcification occasional.
) Ependymomas are isointense with cord on T1W images and hyperintense

on T2W images; CE strong somewhat inhomogeneous due to cyst formation
or hemorrhage; foci of points or trails of signal void due to strong vasculari-
zation; vertebral body scalloping in conus tumors.
) Astrocytoma are iso- to hypointense on T1W images and hyperintense on

T2W images with no sharp delineation; almost 100% CE positive but rather
spotty; cyst formation common.
) Hemangioblastoma are isointense to cord on T1W images, hyperintense on

T2W images; foci of signal void spots and trails due to high vascularization;
CE strongly positive; cyst formation common.
) Cavernous angioma present with mixed signals “popcorn-like or cat’s eye”

lesion; blooms on T2W images and gradient echo; multiple lesions in more
than half of cases.

Angiography

Spinal angiography has a place in the definitive diagnosis of hemangioblastoma
(showing dense vascular stain and prominent draining veins) and vascular mal-
formations and/or their endovascular treatment (Case Study 2).

Lumbar Puncture

Lumbar puncture as an invasive method has a limited diagnostic value. Quecken-
stedt’s sign (a rapid rise in the intracranial pressure measured by spinal puncture
at the time of jugular vein compression) is only of classic significance. Further-
more, spinal puncture is considered to be a contraindication in cases of sus-
pected complete block of the subarachnoid space because of the risk of sudden
neurological deterioration.

Laboratory CSF findings obtained from the puncture have now practically
only supportive significance:

) Elevated protein (500–100 mg/dl) in the CSF below the blocked level of the
subarachnoid space due to spinal cord tumors is found especially in cases
with extramedullary intradural tumor rather than intramedullary tumors.
Froin’s syndrome of coagulation of CSF due to high protein contents has
been well described in the book so far.
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Laboratory findings of CSF

are supportive rather than

diagnostic in value

) Cytology can be obtained to find neoplastic cells. There is no pleocytosis
and no change in glucose and chlorine contents in intradural tumors.
) Xanthochromia might indicate tumor bleeding so that ependymomas, cav-

ernous angiomas or other vascular malformations are brought into question.

Treatment

Non-surgical Treatment

Recent developments in chemotherapy and radiotherapy have made it possible
to apply these modalities, especially the former for intramedullary gliomas of
children and the latter for high-grade gliomas [28]. In the case of hemangiobla-
stomas, endovascular embolization in trained hands can be a good preparation
for surgical removal or it can even suffice as a treatment. Further discussion on
this topic is, however, beyond the scope of this chapter.

Surgical Treatment

General Principles

The goal is tumor debulking

and preserving function

The goal of surgery for any benign intradural neoplasms is gross total resection.
The goal for a malignant glioma is debulking with preservation of the function.
Recent technological developments such as MRI, ultrasonography, the Cavitron
Ultrasound Aspirator (CUSA), and microsurgical technique with intraoperative
neurophysiological monitoring have brought about a remarkable improvement
in surgical results [12, 19].

Perioperative administration of steroids according to the regime for intracra-
nial tumors is now a routine procedure. Administration of a high dosis of Solu-
medrol (methylprednisolone 30 mg/kg, followed by 5.4 mg/kg/h for 23 h) instead
of dexamethasone especially for intramedullary tumors is preferred to prevent
spinal shock due to surgical manipulation by some authors and in our depart-
ment [5, 22].

The sitting position is used for tumor removal when tumors are located above
the level of T5, and for tumors below this level the prone position is the usual
position in our department [40]. The target level should be marked under the
fluoroscope prior to surgery.

For tumors associated with hemorrhage-hematoma such as cavernous angio-
mas and ependymomas, the optimal timing of surgery might be the subacute
stage in which the acute stage of edema is declining and hematoma begins to be
absorbed, as delineation and dissection of tumors is rather easy without damag-
ing the surrounding neural structures [22]. Noticeable space-occupying hemato-
mas should be removed, however, at the acute stage.

Extension of laminectomies should be one more lamina above and below
tumor extension. This enables surgical manipulation to be easy and safe and is
also appropriate for decompression. If benign extramedullary tumors or intra-
medullary ependymomas are found, osteoplastic laminotomy might also be con-
sidered to prevent traction damage or kyphosis. Care should be taken at least to
maintain the integrity of the facets to preserve spinal stability.

The surgery outcome has

been improved with the

advent of microsurgical

techniques, CUSA and

neuromonitoring

Intraoperative neurophysiological monitoring with somatosensory evoked
potentials (SSEPs) is recommended. A noticeable change in SSEP findings at the
time of myelotomy or at the time of suturing the spread myelotomy margins of the
pia to the dura and their recovery at the time of closure of the spread myelon is
observed. But there is no convincing reliable and useful monitoring system which
includes motor evoked potentials at the moment [1, 4, 5, 8, 10, 14, 19, 26, 27].
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Knowledge of standard peri- and intraoperative management such as:

) edema prevention
) respiratory management in cervical tumors
) critical interpretation of neurophysiological monitoring

Complete total resection

is a realistic goal

for intradural tumors

is key to successful surgery.
Respiratory disturbances encountered at the time of removal of high cervical

intramedullary tumors should be checked carefully postoperatively and the cor-
responding timely use of a respirator should be kept in mind. Ondine’s curse or
sleep apnea are also well known such respiratory complications [14, 22, 26].

Possible surgical complications (amongst other complications) include:

) bladder and bowel dysfunction
) bleeding or hematoma
) CSF leak
) infection
) chronic pain
) neurological deterioration
) sexual dysfunction
) spinal instability
) ventilator dependence
) wound dehiscence

Troublesome chronic dysesthetic pain is the most persistent noticeable com-
plaint after a successful removal of intramedullary tumors as shown in our case
presentation.

Postoperative neurological

complications are less than

15 % in extramedullary

tumors

In terms of outcome (Table 1), postoperative neurological morbidity in the
surgery of extramedullary tumors is usually less than 15%. Surgical results are
usually curative in nerve sheath tumors, while a total recurrence rate of meningio-
mas is 7–15%. The neurological deterioration in filum terminale ependymomas
is more frequent, also the recurrence rate. Postoperative radiotherapy and chemo-
therapy are often applied in such situations. In Brotchi’s series of 239 patients with
low-grade intramedullary tumors, 5% of them worsened, 50% stabilized and 40%
improved. These figures are in close correspondence with our series as shown in
Table 1. Neurological function of a patient after surgical intervention mostly
depends on his or her preoperative neurological condition. The 5-year survival
rate for patients with spinal cord neoplasm is greater than 90%. Prognosis
depends on the histopathology of the neoplasm [13, 14, 26, 31, 36].

Surgical Techniques

Surgical Approach for Intradural Extramedullary Tumors

Localization of intradural extramedullary tumors can be classified as:

) posterior
) posterolateral
) lateral
) anterolateral
) anterior

Laminectomy is the

standard approach

for removal of intradural

spinal cord tumors

Although most tumors can be managed by standard laminectomy, the approach
can be varied accordingly such as by using:

) hemilaminectomy and complete laminectomy
) costotransversectomy
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Table 1. Surgical results

Author Cases Follow-up Complications/outcome/recurrence

Hoshimaru et al. (1999)
[18]

36 spinal cord ependymo-
mas

56 months 14 improved
5 persistent deterioration
17 stabilized

Conti et al. (2004) [7] 179 neurinomas 5 years total removal 174
excellent recovery 108
local recurrence 3 (malignant neurinoma)

El-Mahdy et al. (1999)
[9]

66 nerve sheath tumors 37 improved
3 worsened
26 stabilized

Kane et al. (1999) [20] 54 intramedullary tumors 18 years in
40 patients

90 % independently mobile

Schick et al. (2001) [33] 197 benign spinal tumors 5 years recurrence rate: meningiomas 8.6 %
neurinomas 7.7 %
ependymomas 20 %
complications (10 %): hematoma 9, hydrocephalus
4, CSF fistula 3, wound infection 2, meningitis 2

Constantini et al.
(2000) [6]

164 intramedullary tumors
in children and young
adults

5 years 60 % stabilized
15.8 % improved
23.8 % worsened
5-year progression-free survival was 78 % with
low-grade gliomas and 30 % with high-grade gli-
omas

Fischer and Brotchi
(1996) [14]

239 patients with low-
grade intramedullary
tumors

5 % worsened, 50 % stabilized, and 40 % improved

Author’s series (2004,
unpublished)

79 intramedullary tumors:
ependymoma 26 (33 %) Follow-up:

3 months to
11 years

complete removal with good recovery except
that one patient died of respiratory insufficiency

astrocytoma 20 (25 %) complete removal only in 10 % but with stabiliza-
tion over 3 years on average

hemangioblastoma 12
(15 %)

complete removal with good recovery

cavernous angioma 4
(5 %)

complete removal with stabilized residual deficits

anaplastic glioblastoma 4
(5 %)

death within 2.5 years in spite of aggressive ther-
apy including transection of the spinal cord, irra-
diation, chemotherapy

cauda ependymoma 3
(4 %)

complete removal with good recovery, one recur-
rence under observation

metastasis 3 (4 %)
primitive neuroectodermal
tumors 3 (4 %)
others 4 (5 %)

) extracavitary approach
) far lateral laminectomy and partial facetectomy
) posterolateral approach through the facet joint and pedicle
) transthoracic approach
) far lateral approach-transcondylar approach for tumors at the cervicome-

dullary junction
) ventral corpectomy

Neurinomas or neurofibromas can usually be completely excised except for the
dumbbell type. Sacrifice of the affected nerve roots is often necessary and should
be done with respect to the function of the nerve root (Case Study 1, Fig. 4).
Almost all meningiomas can be completely removed, with excision or coagula-
tion of the dural attachment. The recurrence rate following complete resection is
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Figure 4. Surgical treatment of a neurinoma

Intraoperative views of a neurinoma at the thoracic region (see Case Study 1). a After the dural opening in the midline,
dissection of the rostral pole of the tumor is shown. b After intracapsular gutting of the tumor, the spinal cord, the roots
and the ligamentum dentatum become visible. c View just at the time of opening of the arachnoidea at the rostral pole
of the tumor. One recognizes a dorsal root crossing the tumor on its dorsal surface. d View at the end of the tumor
removal. The neurinoma was carefully dissected and removed from the spinal cord preserving the posterior spinal veins.
A part of the dorsal root with tumor attachment was removed together with the tumor.

around 7–15%. There is no clear correlation between the results and the extent
of resection of the dural attachment. The surgical approach is usually via a lami-
nectomy for midline dorsal tumors. A hemilaminectomy can sometimes be per-
formed in small tumors more laterally located. For tumors in a lateroventral loca-
tion a lateral approach has to be performed [7, 9, 23–25, 33, 35].

Intrinsic Spinal Cord Tumor Resection

The surgical approach is mostly via a laminectomy with the patient in the prone
position or sitting position. The opening should be large enough to expose the
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cranial and caudal poles of solid tumor. Intraoperative ultrasound echography
can therefore be helpful for this purpose. After the laminectomy, the dura and the
arachnoidea are opened in the midline and the opened dural edge is secured by
traction sutures.

Longitudinal posterior

median myelotomy through

the sulcus medianus

is the standard approach

for removal of

intramedullary tumors

Most intramedullary spinal cord tumors are approached through an incision
between the posterior column, i.e., spreading the sulcus medianus, which can be
difficult but is mostly possible by searching out small emerging veins in the sul-
cus (Case Study 3). Occasionally (for hemangioblastomas or astrocytomas) the
access might be through the dorsal root entry zone. Once the tumor is encoun-
tered, spread pial edges are sutured using 6-0 Prolene to the opened edge of the
dura on both sides, so that the tumor comes into view more extensively between
the spread posterior columns.

The myelotomy must expose and open the rostral and caudal cysts or the poles
of the solid tumor. A frozen section biopsy is obtained for immediate histopatho-

a

b

c

d

Case Study 3

This 32-year-old male noticed weakness of the right lower extremity associated with paresthesia at its lateral side, which
appeared only episodically. The paresthesia was noticed in the fourth and fifth toes also on the right side since about
6 months previously. Weakness and fine motor skills of the left hand had been noted recently. Neurological findings on
admission were: no gait disturbance, difficulty standing on one foot, no noticeable weakness in the extremities except
for the right iliopsoas muscle (M4), difficulty walking blind straight, tendon reflex symmetric, no abdominal wall reflex,
no Babinski signs, hypesthesia below T2/3 level especially on the lateral side of the right leg, position sense intact, and
normal sphincter tonus. Preoperative MRI displayed an intramedullary tumor from the level of C6 to T2 with only slight
contrast enhancement and with neither syringomyelia nor cyst formation, presenting as a so-called “stift” or “pencil” gli-
oma (a, b). The patient underwent laminectomy from C5 to T2 followed by partial extirpation of intramedullary pilocytic
astrocytoma following a longitudinal myelotomy (c). Demarcation between the tumor and the surrounding tissue was
partly not clear so that only about one-third of the tumor was removed and the myelotomy was left open without pial
closure. Postoperative neurostatus was almost unchanged, so that the patient was discharged for physiotherapy on the
9th postoperative day.
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Case Study 3 (Cont.)

The patient was readmitted on the
13th day after the primary surgery
due to a pseudomeningocele and
neurological deterioration presenting
with tetraparesis and respiratory dis-
tress. The T2W images revealed a
swollen spinal cord at the level of sur-
gery and pseudomeningocele (d, e).
At the time of repeat laminectomy
3 weeks after the primary laminec-
tomy, a swollen spinal cord was
noticed especially at the level of
C7 – T1 so that additional laminec-
tomy of T3 was performed followed by further subtotal removal of tumor. The
tumor was lateralized to the right side, At the end of tumor removal, the antero-
lateral part of the spinal cord was paper thin at the level of C7 – T1. The myelo-
tomy was left open and a dural patch with fascia lata was performed for decom-
pression, as the spinal cord was still swollen at the level of T2. Postoperatively
the patient was unable to walk due to motor paraparesis and also due to loss of
position sense. It took him 2 years to be able to walk with a stick and another
2 years without a stick (f ). At the time of follow-up 4 years postoperative exami-
nation, no bowel or bladder dysfunction was complained of. MRI displayed no
tumor but a very thin spinal cord (g, h). Most annoying for him after these all
years is the dysesthesia or burning sensation in the left lower extremity and in
the left flank which trouble him occasionally.

logical analysis. If a malignant glioma is a possible diagnosis, the information
may be crucial in deciding whether tumor removal should be continued, and if
so, how aggressive it should be.

Ependymomas can be delineated by a red gray color or by a consistency
slightly more solid than the spinal cord (Case Introduction, Fig. 5). After having
sent a piece of tumor for frozen section, gutting of the tumor is carried out by
suction or with low-power CUSA so that several millimeters of tumor “capsule”
are left. Blunt dissection of the capsule from the surrounding spinal cord can be
done with ease in ependymomas, in which sometimes feeding arteries and drain-
ing veins have to be coagulated with low-power currents and cut. This procedure
should be done with great care at the most anterior part of the tumor, as the site
might be very close to the anterior sulcal artery or even to the anterior spinal
artery. Dissection of ependymomas at the cranial pole or caudal pole can be easy
in cases where cyst or syrinx is present. Otherwise the tumor tapers into the spi-
nal cord, so that its removal should be performed with great care.
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Figure 5. Surgical treatment of an ependymoma

A case of an ependymoma of the thoracic spinal cord (see Case Introduction). Intraoperative views: a After dural open-
ing followed by a longitudinal myelotomy in the midline, the tumor tissue can be clearly distinguished as pathologic tis-
sue. b Dissection of the associated cyst enables identification of the most caudal end of the tumor. c Searching out a clear
cleavage plane is crucial for successful tumor removal. d The clear cleavage plane at the rostral tumor end is visible. e The
most critical part of the surgical removal of the tumor is its relation to the anterior spinal artery and the branches. f Part
of the tumor tissue adhered strongly to the anterior spinal artery so that the part with hemostatic sponges is coagulated
and left in order to preserve the artery. The spread margin of the pia mater is approximated and closed with continuous
sutures prior to watertight dural closure.

After the removal the spread pial ends are closed with 6-0 continuous suture fol-
lowed by dural closure. The closure of arachnoidea as much as possible to prevent
CSF leakage or adhesive arachnoidopathy should be kept in mind at the time of
dural closure [22].

In the case of astrocytoma which is diagnosed on frozen section at the early
stage of tumor removal, part of the dissection might not become possible since
the delineation between the tumor and normal tissue is not clear even in the pres-
ence of cysts or syrinx, although a considerable part of the tumor is revealed to
be well delineated up to that stage. Tumor extirpation should be stopped at this
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site to prevent postoperative new neurological deficits. The dangers of tumor
extirpation are at the anterior and lateral margins. Anterior resection may cause
vascular damage to the anterior spinal artery, and lateral resection may directly
damage the corticospinal tracts. Hemostasis is obtained by warm saline irriga-
tion and microfibrillar collagen. It is rarely necessary to coagulate major vessels
outside the tumor bed [5, 12–14, 20, 22, 36].

Intramedullary ependymo-

mas have good delineation,

while astrocytomas usually

do not have an impact on

tumor removal

Spread pial edges do not need to be closed by suture to accomplish decompres-
sion. Even a dural patch is needed for decompression in the case of spinal cord
swelling at the end of partial tumor removal. One additional laminectomy (below
and above tumor extension) might be necessary or recommendable for effective
decompression.

Hemangioblastomas are located usually at the dorsum of the spinal cord, so that
this can be detected just after the dural opening. This orange-dark red colored
tumor is usually attached to the pia at the margin and is strongly vascularized, so
that its gutting is not recommended due to profuse bleeding. This tumor is usually
associated with cyst or syrinx formation, so that the delineation is clear and dissec-
tion is not difficult. Tumor capsule coagulation and coagulation of feeding arteries
followed by their cutting are the method of removal. The main feeding arteries
might be branches of the anterior spinal artery or a radicular artery [39].

Pial closure at the end of tumor removal is to be recommended to prevent col-
lapse of the spinal cord [22]. For a large hemangioblastoma, its preoperative
embolization by a trained interventional neuroradiologist might reduce intrao-
perative blood loss and even reduce the extent of the laminectomy levels and of
myelotomy.

Cavernous angiomas are to be removed in the subacute stage of bleeding. In
this subacute stage, detection of cavernous angioma can occasionally be prob-
lematic, as one hardly sees any changes on the dorsal surface of the spinal cord
such as swelling or discoloration, so that ultrasound echography can be helpful
for its detection. With midline access, one encounters the hematoma cavity and
the typical cavernous angioma with blackberry-like appearance. Less than 10%
of cavernous angiomas are located eccentrically, so that access through the poste-
rior root entry zone is necessary. When the cavernous angioma is located at the
conus, a strong posterior longitudinal vein might cover the sulcus medianus, so
that its microsurgical dislocation for preservation is recommended by some
authors in order to accomplish the midline access [22].

A decompressive laminectomy and duraplasty are the minimal surgical proce-
dure in the surgery of “inoperable” intramedullary tumors, since patients with
high-grade lesions on biopsy have rapid progression in neurological dysfunction
even with aggressive resections.
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Recapitulation

Epidemiology. Intradural tumors represent about
10 % of primary CNS tumors. About two-thirds of
these tumors are found in an extramedullary loca-

tion. The incidence of intramedullary tumors is be-
low 1 per 100 000. Most extra- and intramedullary
tumors are slow-growing neoplasms and can be
operated on with a low morbidity.

Etiology and pathogenesis. There is considerable
evidence that some neoplasms are the result of ge-
netic disease. Genetic systemic diseases associated
with intradural tumors are neurofibromatosis and
von Hippel-Lindau disease. There is an enormous
functional adaptive capacity of the spinal cord to
slow-growing tumor compression.
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Classification. Meningiomas and nerve sheath

tumors represent 80 % of extramedullary tumors
and most of them can be surgically removed with a
low recurrence rate. The most frequent intramedul-
lary tumors are ependymomas and astrocytomas.
About one-third of patients with hemangiobla-

stoma, one of the infrequent intramedullary
tumors, have von Hippel-Lindau disease.

Clinical presentation. Onset is usually very insidious,
but an abrupt onset can take place. Cardinal symp-

toms are progressive local pain, nocturnal pain of a
radicular or medullary nature, non-painful sensory

disturbances, motor weakness, ataxia and sphinc-

ter disturbances. In intramedullary tumors, sensory
disturbance tends to be of the dissociated type and
motor disturbance may present with the type of
Brown-Séquard’s syndrome. Sensory disturbance of
the sacral segment can be preserved (sacral sparing)
until a far advanced stage of intramedullary tumors.
Scoliosis or torticollis is often observed.

Diagnostic work-up. MRI is the diagnostic modality
of choice. At least two different imaging planes
must be used in order to locate the tumor properly
and to differentiate intra- from extramedullary
tumors. The tumor is iso- to hypointense on T1W
and hyperintense on T2W images. Almost all spinal
cord tumors demonstrate more or less contrast en-

hancement. Existence of a “dural tail” and calcifi-
cation in meningiomas may differentiate them
from neurinomas. Most nerve sheath tumors and
ependymomas also demonstrate uniform contrast
enhancement but can be inhomogeneous due to
intratumoral cyst, hemorrhage or necrosis. Intrame-
dullary tumors are frequently associated with cysts
or syringomyelia.

Operative treatment. Surgery is indicated in any case
of intradural tumor. The goal of surgery for any
benign tumor is gross total resection. The goal for a
non-resectable glioma is debulking with preserva-
tion of the function. The approach for microsurgical
tumor removal is usually via a laminectomy. Extra-

medullary tumors can basically be completely

removed. Intramedullary tumors are mostly ac-
cessed via a dorsal midline myelotomy. Tumors such
as ependymomas, hemangioblastomas and cavern-
ous angioma with a distinct cleavage plane between
tumor and normal spinal cord tissue can be removed
totally. An immediate intraoperative biopsy may be
crucial in deciding whether tumor removal should be
continued, and if so, how aggressive it should be. In
non-resectable gliomas a tumor debulking or a
decompressive laminectomy and duraplasty are the
minimal surgical procedure. Patients with high-grade
lesions on biopsy have a rather rapid progression
even with aggressive resections.

Key Articles

Balériaux D (1999) Spinal cord tumors. Eur Radiol 9:1252–1258
This paper summarizes the state of the art in MRI diagnostics of intramedullary tumors.

Jallo GI, Kothbauer KF, Epstein FJ (2001) Intrinsic spinal cord tumor resection. Neuro-
surgery 49:1124–1128
This paper shows the present status of preparation of a surgical approach for intramedul-
lary astrocytomas, ependymomas and vascular lesions, including neuromonitoring and
video demonstration.

Brotchi J (2002) Intrinsic spinal cord tumor resection. Neurosurgery 50:1059–63
This article describes the surgical method of the author developed during a period of
15 years (with Georges Fischer in Lyon) on the basis of experience with more than 260
patients and 300 operations. The authors highlight that the standard treatment is com-
plete resection whenever possible. For gliomas (ependymomas and astrocytomas), the
author favors a midline approach; for most vascular tumors (such as hemangioblastomas
and cavernomas), however, he prefers to proceed from the point at which the lesion is
observed through the microscope and to dissect the lesion in one piece. Meticulous non-
bleeding surgery and experience are regarded as the keys to success.
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36
Infections of the Spine

Norbert Boos

Core Messages

✔ Spinal infections remain a potentially life-
threatening disease

✔ Diagnosis is very often delayed
✔ MRI is the imaging modality of choice in spinal

infections
✔ In the absence of neurologic deficit, spinal de-

formity and instability or incapacitating pain
not responsive to pain medication, spinal infec-
tions are treated by chemotherapy

✔ Radical debridement and bone grafting accel-
erates healing of the infection

✔ Spinal instrumentation does not prevent heal-
ing of the spinal infection. Instead, the addi-
tional stability promotes clinical resolution of
the infection and related symptoms

Epidemiology

Although evidence for spinal infections in humans can be found in the Edwin
Smith Surgical Papyrus [6], an ancient Egyptian medical document written about
2000 b.c., Sir Percival Pott is credited with the first description of spinal tuber-
culosis in 1779 [37]. In 1897, Lannelongue was the first to describe a pyogenic
infection of the spine [27]. At the end of the nineteenth century, Makins and
Abbot reported mortality rates in children and young adults of as high as 70%
[31].

Spinal infections occur pre-

dominantly in the elderly

and immunocompromised

patient

Spinal infections remain a

potentially life-threatening

disease

Based on the results of a Swedish and a Danish study, the incidence of verte-
bral osteomyelitis was 0.5 and 2.2/100000 inhabitants/year, respectively [4, 26].
In particular, if a spinal epidural abscess is present, the morbidity and mortality
remain high [9, 22, 29, 40]. Spinal infections today occur predominantly in the el-
derly [44]. In young adults, the disease appears to have increased in recent
decades because of immunodeficiency syndromes and intravenous drug abuse
[24]. While in Western industrialized societies spinal tuberculosis has become
rare, the incidence seems to be increasing again because of immigrants, extensive
tourism into Third World countries, and HIV infections [1, 5, 20, 36, 38].

Despite the fact that treatment of spinal infections has been improved dramat-
ically by the advent of chemotherapy and sophisticated surgical techniques for
advanced stages, this medical condition remains a potentially life-threatening
disease. Today, this fact is sometimes neglected in an era of very powerful antibi-
otics. Early diagnosis and aggressive conservative or surgical treatment remain
mandatory for a satisfactory outcome.
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Case Introduction

A 70-year-old patient presented with increasing low-back pain that was worse with movement. Initial therapy consisted
of analgesics and physiotherapy. The clinical history of the patient was otherwise normal. There was no evidence of a
general illness and no clinical signs of infection. Despite intensive non-operative treatment, 3 months after onset of
symptoms, the patient continued to have back pain, now radiating into the legs and worse during the night. Walking
became difficult because of general weakness. Standard radiographs were taken showing a collapsed disc space at the
level of L2/3 with segmental kyphosis (a, b). The key finding was a blurred endplate indicating putative spinal infections.
Subsequent MRI demonstrated classical signs of spinal infection with decreased signal intensity of the endplates on T1-
weighted images (c) and partial signal increase on T2-weighted images (d). Blood samples revealed an elevated blood
sedimentation rate and C-reactive protein without any leukocytosis. The patient was treated with a broad spectrum of
antibiotics for 2 months. Despite antibiotic treatment the patient continued to have severe pain with movement and
during the night. At referral, the patient was in poor general health. In a first diagnostic approach, CT-guided biopsy was
performed, but remained negative (e). Surgery was indicated because of deteriorating general health, incapacitating
back pain, and inability to ambulate because of pain. In the first stage, pedicle screws were inserted in the spine from the
back at L2 and 3. The kyphotic deformity was corrected using indirect reduction (see Fig. 6). In a second stage during the
same operation, the spine was approached by a left-sided lumbotomy. Radical debridement was carried out with recon-
struction of the anterior spinal column using a tricortical bone graft and additional cancellous bone graft. No causative
organism could be isolated most likely due to the previous, antibiotic treatment. Double chemotherapy was adminis-
tered postoperatively for 3 months. The patient completely recovered from the spinal infection and became completely
asymptomatic at 4 months follow-up. The follow-up radiographs demonstrate an anatomic monosegmental reconstruc-
tion of the anterior column with solid interbody fusion (f, g).
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Figure 1. Pathomechanism of spinal infections

a The richly vascularized vertebral bodies with their valveless venous plexus (Batson) predispose to infection in this ana-
tomic region. b Hematogenous seeding from peripheral ulcers, genitourinary infection, or pulmonary infection can
result in an outbreak of the infection close to the vertebral endplates and affect the intervertebral disc.

Pathogenesis

The richly vascularized

vertebral bodies predispose

to spinal infections

Spinal infections are assumed to start from the disc space in children, in whom
the intervertebral disc is still vascularized. In contrast, the disease appears to
start from the vertebral endplates in adults. However, this strict distinction has
recently been questioned by Ring et al. [41], who consider it more a continuous
disease. The blood supply to the vertebral bodies and intervertebral disc
remains a key issue in the predilection of spinal infections. The most frequent
pathomechanism is a hematogenous spread of microorganisms via the blood
vessels, resulting from urogenital, pulmonary, or diabetic foot infections
(Fig. 1). Batson [2] assumed that the valveless venous plexus and the slow
blood flow within predisposes to spinal infections of the vertebral body. Wiley
and Trueta [50] have provided evidence from injection studies that the arterial
route is of significant relevance. Today it is assumed that both mechanisms
play a role. With the increased frequency of spinal interventions, direct inocu-
lation of microorganisms has become an additional relevant pathomechanism
[3, 4, 10].

Classification

Spinal infections can be classified according to the causative organism. Clas-
sically, we differentiated between specific and so-called non-specific infec-
tions. Today, it is more appropriate to differentiate tuberculosis from pyo-
genic (e.g., Staphylococcus, Streptococcus, E. coli), fungal (e.g., Aspergillus,
Cryptococcus neoformans), parasitic (e.g., Echinococcus) and postoperative
infections.
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Table 1. Classifcation of spinal infections

Causative organism Spatial location

) pyogenic infections
) tuberculosis
) parasitic infections
) fungal infections

) vertebrae (spondylitis)
) intervertebral disc (discitis)
) epidural abscess
) paravertebral abscess

A different approach is to classify the spinal infection according to the anatomic
region within the spine, i.e., anterior spine, spinal canal, or posterior spine. More
reasonable is differentiation with regard to the involvement of specific compart-
ments, i.e., vertebral body, intervertebral disc, epidural, intradural or paraverte-
bral (e.g., psoas muscle, retropharyngeal) extension (Table 1).

Clinical Presentation

History

Diagnosis of spinal infection

is often delayed

Clinical presentation

is dependent on virulence,

host immunocompetence

and duration

The key feature of the history is the delayed diagnosis (Case Introduction). In an
extensive literature review, Sapico and Montgomerie [43] found that only 20% of
patients had a symptom duration of less than 3 weeks, 20% had complaints for 3
weeks to 3 months, and the remaining 50% of individuals had symptoms for
more than 3 months prior to diagnosis. The clinical presentation is related to the
virulence of the organism, immunocompetence of the host, and duration of the
infection. In this setting, Louis Pasteur’s maxim, “The organism is nothing, the
environment is everything,” has to be kept in mind. In general, the history of
patients with spinal infections is highly variable and non-specific.

The cardinal symptoms are:

) slowly progressive, continuous, and localized back pain
) pain exacerbation during rest and at night
) back pain and gibbus (in spinal tuberculosis)

Additional but less frequent findings may be:

) muscle spasm (e.g., torticollis)
) weight loss
) “feeling sick”
) pain exacerbation with movement and weight bearing (as signs of instability)
) pain in the loin, groin, or buttocks (due to an abscess)
) symptoms of radiculopathy and myelopathy (late)

Search for

predisposing factors

Although the source of infection remains unidentified in more than one-third of
cases [43], predisposing factors should be specifically sought:

) diabetes mellitus
) intravenous drug abuser
) immune deficiency states
) preexisting paraplegia
) dental granuloma
) soft tissue ulcers
) urinary tract infections
) previous septic conditions

Cardinal symptoms in

children and adults

are similar

In children, spinal infections most frequently occur in the first decade of
life. The mean age at presentation appears to be lower in children with discitis
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compared to vertebral osteomyelitis (2.8 vs 7.5 years of age) [15]. The presenta-
tion of similar spinal infection in children can differ from that in adults, while
the cardinal symptoms remain very similar, i.e., slowly progressing symptoms
with a general aspect of appearing ill. Frequent findings in children are [15, 16,
49]:

) refusal to walk
) back pain and abdominal pain
) “appearing ill”
) fever (in cases of vertebral osteomyelitis)

Physical Findings

Physical findings

are non-specific

Although clinical examination is seldom helpful in making the diagnosis, the
most frequent findings are:

) local tenderness (less specific)
) positive psoas sign
) pain provocation by flexion, rotation, and percussion
) limping (in children)

Triad of Pott: gibbus, spinal

abscess, paraparesis

A thorough neurological examination is mandatory to diagnose neural com-
pression syndromes, in particular to rule out early para/tetraparesis.

The classic clinical presentation of spinal tuberculosis includes back pain and
a gibbus and in later stages symptoms caused by an epidural abscess and devel-
oping neurologic deficits [23]. In Western industrialized countries, patients
today present with less specific symptoms and often have an underlying general
illness (e.g., HIV, diabetes). The prevailing symptoms in a study by Fam and
Rubenstein were back pain and weight loss [13].

Diagnostic Work-up

Key to diagnosis is

“consider it”

The most important aspect of diagnosing spinal infection is to include this diag-
nosis in the differential diagnosis. The diagnostic work-up is apparently clear
when spinal infection is considered as a cause of the patient’s symptoms and con-
sists of laboratory investigations, imaging studies, and biopsy.

Laboratory Investigations

BSR, CRP and WBC

are frequently elevated

The most helpful laboratory investigations are:

) elevated blood sedimentation rate (BSR)
) C-reactive protein (CRP)
) white blood cell count (WBC)

Infection parameters are

sensitive but not specific

These inflammation markers are sensitive but non-specific and are more helpful
in terms of the temporal course rather than as absolute (single) values. The
parameters can reliably be used to monitor treatment response. The white blood
cell count is only elevated in about half of the patients and depends on the nutri-
tional state of the patient. The determination of antibody titers for putative bac-
teria is valuable in identifying certain causative organisms.

In the presence of a septic state, blood cultures should be obtained, but the hit
rate is low. It can be increased if more than one blood sample (three to five recom-
mended) is taken from different veins.

In putative tuberculosis, the Mantoux or tuberculin skin test is helpful to
investigate present or past exposure to Mycobacterium tuberculosis. Direct evi-
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Figure 2. Radiographic findings in spinal infection

The classical radiographic signs of spinal infection consist of a loss of vertebral endplate definition, b decrease of disc
height, gradual development of osteolysis, development of a paravertebral soft tissue mass, and reactive changes with
sclerosis.

dence can seldom be obtained from examination of material aspirated from an
abscess.

Imaging Studies

Modern imaging modalities have substantially improved accuracy in diagnosing
spinal infection. However, standard radiographs are still very helpful because they
allow an overview of the osseous destruction and resulting deformity.

Standard Radiographs

Radiographic diagnosis is

hampered by a delay in the

appearance of alterations

The major drawback of standard radiography is the delay in the appearance of
radiographic signs (Fig. 2). The sequence of changes demonstrable on radio-
graphs is [48]:

) loss of vertebral endplate definition (at earliest 10–14 days after onset)
) reduction of disc height
) gradual development of endplate osteolysis
) development of a paravertebral soft tissue mass
) reactive changes with sclerosis and new bone formation (at earliest 4–6

weeks after onset)
) vertebral collapse (late) with spinal deformity (kyphosis/scoliosis)

Magnetic Resonance Imaging

MRI is the imaging study

of choice

Today MRI has become the imaging modality of choice in diagnosing spinal
infection. Recent comparisons with bone scans have demonstrated that MRI is as
accurate and sensitive [48].

Characteristic findings (Fig. 3) suggestive of spinal infections are [11]:

) decreased vertebral endplate signal intensity on T1-weighted images (95%)
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Figure 3. MRI characteristics of spinal infections

a The predominant features of spinal infections are decreased vertebral body signal intensity on T1-weighted images,
b loss of endplate definition and increased disc signal on T2-weighted images, increased vertebral body signal intensity
on T2-weighted images and increased signal intensity on T1-weighted fat-suppressed images after injection of gado-
pentetate. c Note the retrovertebral epidural spinal abscess (arrow).

) loss of endplate definition (95%)
) increased disc signal on T2-weighted images (95%)
) increased vertebral endplate signal intensity on T2-weighted images (56%)
) contrast enhancement of the disc and vertebral body (94%)

The increased signal intensity is more obvious on short tau inversion recovery
(STIR) or frequency-selective fat-suppressed T2-weighted spin echo sequence,
but with the depiction of less anatomical detail [11].

In appropriate cases, the diagnosis of spinal tuberculosis (Fig. 4) can be made
by MRI with high diagnostic accuracy [46]. Loke et al. [28] have reported that the
most common site is the lumbar spine, often with involvement of more than one

Contrast enhancement

is helpful in differentiating

spinal TB from other

granulomatous infections

vertebra. Contrast enhancement is helpful in differentiating spinal tuberculosis
from other granulomatous infections [46]. Frequent findings [28] suggestive of
spinal tuberculosis are:

) paraspinal soft-tissue masses (73%)
) vertebral destruction and collapse (73%)
) epidural abscess (53%)
) posterior element involvement (40%)
) intraosseous abscess (20%) with contrast enhancement

Computed Tomography

CT demonstrates bony

destruction better than MRI

The predominance of computed tomography in diagnosing spinal infections has
been surpassed by MRI because of its spatial resolution, multiplanar capabilities
and tissue contrast. However, CT still has a role with regard to the assessment of the
osseous destruction, which is important for the choice of treatment (i.e., non-oper-
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Figure 4. Radiographic features of spinal tuberculosis

Spinal tuberculosis can be diagnosed with satisfactory accuracy using standard radiographs and MRI. The key findings
include paraspinal soft-tissue masses, vertebral destruction and collapse, epidural abscess, posterior element involve-
ment, and intraosseous abscess.

ative vs surgical) and planning of the surgical approach and technique. It is also
invaluable in patients unsuitable for an MRI scan (e.g., because of a pacemaker).

Radionuclide Studies

Bone scan and FDG-PET

are helpful in

making the diagnosis

Because of the comparable diagnostic accuracy of MRI, technetium-99m labeled
methylene-diphosphonate (Tc-99m MDP) bone scintigraphy is today more infre-
quently used in the diagnosis of spinal infections. However, an indication for a
bone scan is still the search for a focus lesion, e.g., dental granuloma and osteo-
myelitis.

Confusion may arise with regard to the differential diagnosis of a degenerative
endplate abnormality and spinal infections. Positron emission tomography
(PET) with fluorine-18 fluorodeoxyglucose (FDG) (Fig. 5) has been used in sus-
pected spinal infection [45]. In a recent study, FDG-PET has been shown to be
helpful in differentiating spinal infection from disc degeneration because the lat-
ter condition generally does not show FDG uptake [47].

Biopsy

Biopsy is a “must”

prior to treatment

The isolation of the causative organism is of utmost importance and must be
attempted in every case. While a biopsy can be performed under image intensi-
fier control, CT guidance [7, 34, 39] is preferable because of the accurate spatial
resolution, which is important to document that the biopsy was actually taken
from within the lesion. This is particularly valid in areas that are difficult to
access, such as the sacrum or sacroiliac joints and upper thoracic or cervical
region [48].

Percutaneous needle biopsy provides a definitive diagnosis ranging from 57%
to 92% [7, 34, 39] and depends on previous antibiotic treatment.

The most frequently found organisms are:

) Staphylococcus aureus (30–55%)
) gram-negative organisms (e.g., E. coli, Salmonella, Enterococcus, Proteus)
) Pseudomonas aeruginosa (in 65% of drug abusers)
) Streptococcus viridans, epidermatitis
) Proprionibacterium acnes
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Figure 5. Radionuclide study of spinal infection

Positron emission tomography with FDG demonstrates uptake at the level of L4/5 (same patient as in Fig. 3), strongly
indicative of spinal infection.

Tuberculosis can

mimic tumor

Differentiation of tuberculosis from tumor may sometimes be difficult and a cul-
ture takes considerable time. In the clinical situation it is not possible to await the
results from the culture and the diagnosis has to rely on the imaging findings.

Non-operative Treatment

Do not start treatment

prior to isolation of the

causative organism

(if possible)

In the absence of a life-threatening condition, treatment of spinal infections
should not be started without vigorous attempts to isolate the causative organ-
ism. It is mandatory to obtain the causative organism prior to antibiotic treat-
ment because of the substantially reduced likelihood of a secondary diagnosis
(Case Introduction). In the absence of a causative organism and progressing
infection despite (non-specific) antibiotic treatment, high-dose broad-spectrum
double or triple drug chemotherapy is often required. However, subsequent
severe pharmacological side effects may limit the use of high-dose antibiotics
and may result in a life-threatening situation if the infection is not controlled.
This holds true for conservative as well as surgical treatment.

Table 2. General objectives of treatment

) eradicate the infection
) prevent recurrence
) relieve pain

) prevent or reverse a neurologic deficit
) restore spinal stability
) correct spinal deformity

Non-operative therapy

is still the gold standard

for uncomplicated cases

The choice of treatment is related to the chances of achieving the general objec-
tives of treatment with the respective therapy (Table 2). While radical debride-
ment, internal fixation, and appropriate antibiotic treatment have become the
gold standard in the treatment of osteomyelitis of long bones, the mainstay for
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Table 3. Favorable indications for non-operative treatment

) single disc space infection (discitis)
) known causative organism
) absence of gross bony destruction and instability

) mobile patients with only moderate pain
) absence of relevant neurologic deficit
) rapid normalization of inflammation parameters

the treatment of spinal infection is still non-operative (Table 3). However, the
trend in the literature is to support more aggressive treatment of spinal infections
even in situations where non-operative treatment can be successful. This trend is
because of a shorter hospitalization and recovery time.

The mainstay of treatment

is chemotherapy

The mainstay for the treatment of bacterial and parasitic infection is still rest
and intravenous antibiotics for a minimum of 4–6 weeks, depending on the
extent of the infection and organism (Case Study 1). As outlined above, specific
chemotherapy is mandatory. Depending on the resistance of the organism and
the bone penetration of the respective antibiotic drug, administration by the oral
route may be appropriate for the post-primary treatment. We strongly recom-
mend that the antibiotic treatment be discussed with an infection specialist to

a b c

d e

Case Study 1

A 70-year-old woman presented with an infected great toe and was treated with antibiotics for 3 weeks after a biopsy
was taken. The biopsy revealed Proteus mirabilis and Pseudomonas aeruginosa as the responsible germs. Two months
later the patient developed severe neck pain, which became worse with movement. There were no radicular symptoms
or neurologic deficits. The radiographic evaluation of the cervical spine demonstrated blurred endplates and somewhat
narrowed disc space (a). The MRI showed strong evidence of a spinal infection at the level of C3/4 (b, c). Note the contrast
enhancement from C2 to C5 (d). There was no epidural abscess or spinal cord compromise. A CT-guided needle biopsy
did not reveal a positive result, but allowed the exclusion of a tumor. This case exemplifies the notion that detection of
a germ after previous antibiotic treatment is unlikely. Bone scintigraphy provided further evidence of an infection (e).
The patient was treated with double chemotherapy and a hard collar. In the absence of a neurologic deficit, severe pain
or substantial deformity, non-operative treatment was successful. The patient recovered completely from her symptoms
within 2 months.
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allow for the most specific (narrow) drug therapy with the least chances of phar-
macological side effects.

According to Pertuiset et al. [35], there appears to be a consensus that the ini-
tial antituberculous treatment should consist of a triple (isoniazid, rifampin, and
pyrazinamide) or quadruple chemotherapy (plus ethambutol) given for 2–3
months. After this period, chemotherapy should be continued with isoniazid and
rifampin in the absence of resistance or side effects. There is still debate on the
optimal duration of antituberculous chemotherapy required for complete recov-
ery. While a minimum of 12 months is favored by the majority of experts, no con-
vincing evidence can be derived from the literature [35].

Early ambulation

is attempted

While bedrest may be indicated for the initial treatment, early mobilization of
the patient with an orthosis is recommended. The need for cast immobilization,
including neck or thigh extension, has to be determined on an individual basis and
depends on the location of the infection, general condition, and age of the patient.

CRP is helpful

in monitoring healing

of infection

It is imperative to monitor the treatment success by regular determination of
the inflammation parameters (i.e., SR, CRP, and WBC). Follow-up imaging stud-
ies should be done in the case of persistent symptoms and in the absence of
decreasing inflammation parameters. In general, antibiotic treatment should be
continued for at least 4–6 weeks because of a high recurrence rate in pyogenic
spinal infections. Antibiotic treatment should only be ceased after normalization
of the CRP.

Indication for a change from non-operative to operative treatment is the per-
sistence of the infection despite adequate antibiotic treatment or in the presence
of pharmacological side effects (e.g., kidney or liver dysfunction) limiting the
further use of specific antibiotics in adequate dosage. A recent study has demon-
strated a favorable outcome by surgical treatment in this situation [8].

Operative Treatment

General Principles

Although the majority of cases with spinal infections can be successfully treated
non-operatively, surgery may become necessary in about one-third of the
patients (Table 4):

Table 4. Indications for surgery

) disease progression despite adequate antibiotic treatment
) progressive spinal deformity and instability

) neurological compromise
) incapacitating pain

Increasing evidence is presented in the literature [32] that radical debridement
and bone grafting of specific (TB) spinal infections are superior to non-operative
treatment [30, 33]. Less information is available from the literature with regard to
the treatment of pyogenic infections. On the other hand, no evidence is presented
that the spinal infection responds differently to radical debridement and bone
grafting than to long bone osteomyelitis. No reports indicate that this approach
is ill-advised in cases where conservative treatment does not result in rapid reso-
lution of the infection and recovery of the patient.

Surgical Techniques

The surgical approach is largely dependent on the extent and location of the
infection, spinal destruction, neurologic deficits, health status, and comorbidity
of the patient (Fig. 6).
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Figure 6. Surgical treatment of spinal infections

The key to the treatment of spinal infections is radical debridement of the infected spine. a Often spinal infections are
associated with disc space collapse, instability, and kyphotic deformity. In cases of thoracolumbar spondylodiscitis, an
accepted standard for the treatment of spinal infection today is posterior instrumentation, followed by anterior radical
debridement. In a first step, the spine is exposed by a posterior approach. Pedicle screws are inserted in the vertebrae
adjacent to the infection. If a kyphotic deformity is present, a lordic prebent rod is first inserted and connected to the dis-
tal screws. b By levering the rod into the distal screws, the deformity is corrected. c In a second stage, the spine is
approached anteriorly. With curets and pituitary forceps, the infected area is debrided to the bleeding bone. The inter-
vertebral disc is resected as completely as possible. d The anterior column is reconstructed with a tricortical iliac bone
graft and additional circumferential cancellous bone.

Percutaneous Debridement and Drainage

In discitis with suspicion of abscess formation, percutaneous debridement and
drainage is the preferred treatment [17, 18]. It can be performed using local
anesthesia, sufficient material can be obtained for culture, and it allows for
debridement and drainage of the infection.
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Radical Debridement

Radical debridement without bone grafting is sufficient in cases with:
Radical debridement is the

key to successful surgery
) predominant epidural abscess
) absence of significant vertebral or intradiscal involvement
) absence of gross bony destruction, deformity, and instability

Radical Debridement and Bone Grafting

Radical debridement and bone grafting are indicated in patients:

) with intraspinal abscesses
) without gross bony destruction, deformity, or instability

Primary bone grafting

is preferred

There is still debate on the timing of the bone grafting. The main concern in pri-
mary bone grafting is the resolution of the graft by the infection. On the other
hand, secondary bone grafting requires reoperation with theoretically increased
morbidity. In the absence of conclusive data in the literature, the present author
prefers primary bone grafting unless radical debridement is not achieved. In this
case, a second-look operation is imperative and, depending on the local situa-
tion, bone grafting is performed during the latter intervention.

Radical Debridement, Bone Grafting, and Instrumentation

Radical debridement and bone stable reconstruction of the spine are favored as
the surgical technique of choice based on the good results obtained with surgical
treatment of spinal tuberculosis [23, 32, 33] (Table 5):

Table 5. Rationales for radical debridement and stable reconstruction of the spine

) improvement of general condition after abscess drainage
) prevention of secondary deformity
) rapid progress of infection is prevented

) in early stages, extirpation of infected focus is easy
) late recurrence is less frequent
) putative shorter hospitalization and earlier return to work

Instrumentation has

increasingly been used

without recurrent infection

While the use of spinal instrumentation in the presence of spinal infection has
been controversial in the literature, an increasing number of articles indicate that
instrumentation is not contraindicated in cases where radical debridement is
achieved [14]. There are no sufficient data in the literature to allow a conclusive
statement on the role of instrumentation in spinal infection. However, there is no
evidence to suggest that instrumentation prevents the healing of the spinal infec-
tion. The additional stability instead promotes clinical resolution of the infection
and related symptoms (Table 6).

Anterior Approach. A single-stage anterior approach is best suited for cases with:

) predominant anterior column involvement
) effective radical debridement
) absence of gross deformity or instability

Anterior instrumentation appears not to have an adverse effect unless radical
debridement is not achieved [12]. The use of anterior cages in the absence of a
structural auto- or allograft remains controversial. However, early reports in the
literature indicate that this approach can be successful [21].

Posterior Approach. A single posterior approach is only indicated in cases with a
lesion with difficult anterior access, e.g., at the upper thoracic spine T2-4. In
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those cases, a costotransversectomy approach is necessary to allow for adequate
decompression of the anterior column.

Combined Approach. This is the most widely used approach [8, 12, 19, 25, 42]
consisting of short-segmental posterior pedicle screw fixation, followed by radi-
cal anterior debridement and bone grafting (Fig. 6). In the cervical spine, a two or

a b c

d e f

Case Study 2

An 81-year-old woman developed progressive, severe back pain. Despite initial analgesics and physiotherapy, the
patient continued to get worse. The patient developed a slight increased fever and felt sick. After severe pain with ambu-
lation, a radiograph (a) was taken, demonstrating a collapsed L1/2 disc space with partial destruction of the lower end-
plate of L1. The MRI exhibits typical signs of a spinal infection. Note the high signal intensity in a T2W MR sagittal image
(b) and a paravertebral abscess in the psoas muscles (c, d). In a first stage the spine was stabilized from T11 to L3 with a
titanium pedicle screw system. In a second stage, during the same operation, the paravertebral abscess and the disc
space and adjacent vertebral bodies L1/2 were debrided. The bone quality was osteoporotic. A tricortical bone graft was
harvested from the iliac crest, but broke during insertion because of poor bone quality. Rather than leaving a large ante-
rior gap, a titanium mesh cage was implanted, supporting the anterior cortex of the severely osteoporotic vertebrae
(e, f ). At 6 months follow-up the patient was ambulating without aid without limiting her daily activities, but she still had
occasional back pain. There was no sign of recurrent infection during a further 1-year follow-up.
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more level involvement requires additional posterior stabilization. However, in
cases where the general health status does not allow an additional posterior
approach, external splinting is imperative until the bone graft has healed. In cases
of poor bone quality, e.g., in an osteoporotic spine, longer instrumentation may
become necessary. In those cases, anterior buttress support is necessary to allow for
stable construction. In cases where a tricortical bone graft is too brittle (osteoporo-
sis), a titanium mesh cage can be applied. As a prerequisite, radical debridement
has to be achieved prior to cage implantation and bone grafting (Case Study 2).

Recapitulation

Epidemiology. In an era of very powerful antibiot-
ics, it is sometimes forgotten that spinal infections
are still a potentially life-threatening disease. To-
day, spinal infections predominantly occur in the el-
derly and immunocompromised patient, but the in-
cidence of spinal tuberculosis in younger patients is
again increasing in industrialized countries.

Pathogenesis. Spinal infections in adults appear to
start from the vertebral endplates. The most fre-
quent pathomechanism is a spread of microorgan-

isms via the blood vessels from urogenital, pulmo-
nary, or diabetic foot infections. Spinal infections
are most frequently classified according to the
causative organism (pyogenic, parasitic, fungal in-
fections, tuberculosis) or the location (i.e., discitis,
spondylitis, epidural, and paravertebral abscess).

Clinical presentation. The key feature of spinal in-
fections is the delayed diagnosis. Cardinal symp-

toms are slowly progressive, continuous pain with
pain exacerbation during rest and at night. Fever
and septic states are rare. It is mandatory to search
for predisposing factors such as diabetes, intrave-
nous drug abuse, immunodeficiency, diabetic ul-
cers, and previous septic conditions. The physical
findings are often non-specific unless neurologic
deficits are present.

Diagnostic work-up. The key to diagnosis is to con-
sider spinal infections. CRP and BSR are almost al-
ways elevated while the WBC can remain normal.
The major drawback of standard radiography is the
delay in the appearance of radiographic signs. The
sequence of changes demonstrable on radiographs
is blurred endplates, disc space collapse, develop-
ment of osteolysis and a paravertebral shadow, re-
active sclerosis and kyphotic deformity. MRI is the
imaging modality of choice. Characteristic findings
on MRI suggestive of spinal infections are de-
creased vertebral endplate signal intensity on T1W

images, loss of endplate definition, increased signal
intensity on T2W images, and contrast enhance-
ment of the disc and vertebral endplates. The isola-
tion of the causative organism is very important
and must be attempted in every case. CT-guided

biopsy is the method of choice because it allows
the sample to be taken from inside the lesion. The
most frequently found organisms are Staphylococ-
cus aureus (30 – 55 %), E. coli, Salmonella, Enterococ-
cus, Proteus mirabilis, Pseudomonas aeruginosa (in
65 % of drug abusers), Streptococcus viridans, and
epidermatitis. In the absence of a life-threatening
condition, treatment should not be started without
vigorous attempts to isolate the causative organ-
ism. The likelihood of isolating the organism after
the beginning of antibiotic treatment is minimal.

Non-operative treatment. The general objectives

of treatment are to eradicate the infection, relieve
pain, prevent or reverse a neurologic deficit, re-
store spinal stability, correct spinal deformity, and
prevent recurrence. Antibiotic treatment is the
therapy of choice for uncomplicated cases. Che-
motherapy should not be stopped prior to normal-
ization of the infectious parameters (CRP, BSR,
WBC) and is usually given for 6 – 12 weeks. Early
ambulation is attempted and a corset can be used
optionally. In cases of spinal tuberculosis, a triple
(isoniazid, rifampin, and pyrazinamide) or quadru-
ple chemotherapy (plus ethambutol) is recom-
mended for 2 – 3 months. After this period, chemo-
therapy should be continued with isoniazid and ri-
fampin in the absence of resistance or side effects.
While there is still debate on the duration of treat-

ment, a total of 12 months is favored by the majori-
ty of experts.

Operative treatment. Surgery is indicated in cases
of disease progression despite adequate antibiotic
treatment, progressive spinal deformity and insta-

bility, and neurological compromise. The key to
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successful surgery is radical debridement. This has
been well demonstrated for the treatment of spinal
tuberculosis, but is applicable to pyogenic infec-
tions as well. Radical debridement and bone graf-

ting are indicated in patients with intravertebral
abscess and without gross bony destruction, defor-
mity, and instability. However, in many cases addi-
tional spinal stabilization is required. Instrumenta-

tion is still controversial in the literature, but an
increasing number of articles have demonstrated
that implants can be used without side effects. Spi-

nal instrumentation promotes rather than prevents
resolution of the infection because of the added
stability. Posterior instrumentation with correction
of the deformity, followed by anterior radical
debridement and bone grafting, is the method of
choice for a spinal infection with predominant
anterior column involvement of the thoracolumbar
spine. Implants can be used at the site of infection

(e.g., in the cervical spine) with the prerequisite that
radical debridement is thoroughly achieved.

Key Articles

Hodgson AR (1964) Report on the findings and results in 300 cases of Pott’s disease
treated by anterior fusion of the spine. J West Pacific Orthop Assoc 1:3–7
Landmark paper favoring surgical treatment of spinal tuberculosis in a series of 300
cases.

Moon MS, Woo YK, Lee KS, Ha KY, Kim SS, Sun DH (1995) Posterior instrumentation
and anterior interbody fusion for tuberculous kyphosis of dorsal and lumbar spines.
Spine 20:1910–6
This paper summarizes present knowledge of spinal tuberculosis and its management.
Antituberculosis agents remain the mainstay of management, with chemotherapy for 12
months preferred to shorter courses. Anterior surgery consisting of radical focal debride-
ment without fusion does not prevent vertebral collapse. Patients who present late with
deformity are candidates for anterior debridement and stabilization with corrective
instrumentation. Posterior stabilization with instrumentation has been found to help
arrest the disease and to bring about early fusion. Posterior instrumented stabilization to
prevent kyphosis in early spinal tuberculosis is indicated, however, only when anterior
and posterior elements of the spine are involved, particularly in children.

Carragee EJ (1997) Instrumentation of the infected and unstable spine: a review of 17
cases from the thoracic and lumbar spine with pyogenic infections. J Spinal Disord
10:317–24
In a retrospective review of 17 consecutive cases of spinal instrumentation for pyogenic
vertebral osteomyelitis (PVO) with follow-up of 8 2 years, the authors demonstrated that
spinal instrumentation in selected cases of PVO allows for early mobilization and did not
seem to compromise the ability to clear infection. In certain recalcitrant cases, stabiliza-
tion seemed to promote clinical resolution of the infection.
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37
Rheumatoid Arthritis

Dieter Grob

Core Messages

✔ Rheumatoid arthritis (RA) most commonly
affects the cervical spine

✔ Tissue destruction causes instability of the
atlantoaxial segment

✔ Compressive myelopathy is the consequence of
instability and repetitive trauma

✔ The “wait and see” policy is rarely advocated
✔ Early surgery prevents extensive and risky inter-

ventions

✔ Marked osteoporosis requires anterior and pos-
terior procedures in advanced stages of the dis-
ease

✔ Consider structural weakness of bone in the
planning of the extent of fusion (adjacent seg-
ment decompensation)

✔ Inclusion of the occiput into the fusion usually
requires fusion of the whole cervical spine

Epidemiology

Rheumatoid arthritis (RA) is a worldwide disease. The original theory, that RA
only occurs in areas with cold and wet weather conditions, turned out to be
wrong; however, its incidence does seem to vary between countries [1].

Anterior atlantoaxial dis-

placement is the most

frequent cervical instability

encountered in RA

In about 40% of all patients with RA, the cervical spine is involved with neck
pain, and of these patients, approximately 50% show instability of the upper cer-
vical spine complex (occiput to C2) [17]. The most common instability is the
anterior translational C1/2 instability, but lateral or posterior subluxation occurs
in a minority of patients. In approximately 20%, vertical migration of the dens
may be observed, and 15–20% suffer from subaxial instability with subluxa-
tions and spinal stenosis.

In spite of the success of modern medical treatment and the decreasing inci-
dence of manifest instability of the spine, surgery will remain one of the treat-
ment options in advanced stages of the disease. While in the second half of the

Despite the success of

modern medical treatment,

surgery will remain a valid

option for non-responders

last century decompressive and stabilizing surgery was the only solution for
severe alterations due to RA and thus represented some kind of last resort for
neglected RA patients, surgery in the future will be the option for non-respond-
ers to modern chemical treatment or untreated “leftovers” [7].

Pathogenesis

Rheumatoid arthritis affects synovial tissue, finally forming an inflammatory
pannus, which represents an aggressive tissue with consecutive destruction of
discoligamentous structures and bony elements around the facets. Due to the
anatomical configuration of the atlantoaxial segment, the manifestation of RA is
most often observed in the upper cervical spine. The three-dimensional motion
in the atlantoaxial segment is controlled exclusively by the joint capsule and the
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Case Introduction

At the time of first pre-
sentation the patient was
52 years old and had suf-
fered from rheumatoid
arthritis for 4 years. Due
to the aggressive course
of the disease she had
had her hips and knees
replaced due to rheuma-
toid destruction of these
joints. Her neck problem
was revealed by the flex-
ion radiograph of her
cervical spine, where a
reducible subluxation of
the atlas was detected
(a). Due to persisting
pain, atlantoaxial fixation
was performed by trans-
articular screw fixation.
In spite of several other
subsequent interven-
tions, the patient was
without symptoms in her
neck for several years
and a routine check-up
6 years postsurgery
showed solid fusion of
the atlantoaxial segment
in an anatomical posi-
tion. Twelve years after
her neck surgery, she
started to have painful
sensations in her neck;
however, she refused to
seek medical advice,
being afraid of needing
further intervention (she had sustained a total of 23 interventions due to her rheumatoid disease up to that date!). The
functional views revealed an subaxial instability (b, c). However, the pain became more intensive and she noted increas-
ing clumsiness of her hands. She finally presented with a stiff and painful neck. A hyperreflexia of upper and lower
extremities was found together with sensory disturbances in her hands. A neurophysiological examination confirmed
the presence of a significant cervical myelopathy. The radiographs showed decompensation of the adjacent levels with
significant retroposition of the vertebral body C3 producing severe spinal stenosis (d, e).
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Case Introducton (Cont.)

A one-stage surgery was performed with initial anterior resection of the vertebral body of C3. With this step, decompres-
sion of the spinal canal and reduction of the deformity was achieved. In the same sitting, posterior fixation was carried
out to maintain reduction and stability. Laminectomy and flavectomy were performed at the same time to decompress
posteriorly. Since there was no upward migration or pathology in the atlanto-occipital joint, the occiput was not
included in the fixation (f, g). After surgery, the patient recovered well and noticed an improvement in the dexterity of
her hands and a reduction of the paresthesias.

ligaments – with the exception of extension, in which the dens axis serves as a
bony blocker. With the destruction of the capsuloligamentous elements, a mainly
horizontally orientated instability (Fig. 1) occurs, which is complicated by subse-
quent bony arrosion of dens and lateral masses of the atlas, leading to an addi-
tional upward migration of the atlantoaxial complex towards the foramen mag-
num.

Pannus formation

is related to instability

The inflammatory pannus seems to be one of the key factors in tissue
destruction. If there is no motion, there is no pannus formation and – as a con-
sequence – no tissue destruction occurs [10]. In this view, surgically induced
fusion, e.g. of the atlantoaxial joint, prevents the destructive process and there-
fore prevents the transformation of a horizontal instability into a vertical insta-
bility [10] (Fig. 1).

The subaxial cervical spine may also show instability and spinal stenosis due
to RA changes. Facet joint and disc destruction as well as bony erosion cause

Disc/facet joint destruction

and bony erosion cause

subaxial instability

anterolisthesis and loss of lordosis and – with increasing deformity – spinal ste-
nosis with encroachment of the medulla and nerve roots. Even if the involvement
of the lower cervical spine is mostly primary in the underlying disease, it may
occur secondarily as a consequence of increased lever arms due to stabilizing
procedures of the upper cervical spine (Case Introduction).

The lumbar spine may also be involved in RA patients; however, here the con-
sequences of long-standing steroid therapy rather than disease specific alter-
ations are predominant. Therefore, degenerative spondylolisthesis and vertebral
fractures may be observed.

Rheumatoid Arthritis Chapter 37 1043



a b

c d

Figure 1. Horizontal and Vertikal Instability

a, c Normal anatomy of the occipitocervical junction. b Advanced stage of instability and resorption of the lateral masses
of the atlas. The dens axis moves upward into the foramen magnum. d Horizontal instability in the atlantoaxial segment
with decreased posterior atlantodental interval and increasing anterior atlantodental interval. Vertical instability with
upward migration of the dens into the foramen magnum.

Classification

The commonly used classification is the Ranawat classification [20], which dif-
ferentiates between the different stages of the rheumatoid influence on the
patient’s mobility (Table 1). This relatively crude differentiation is hardly able to
assess the situation of these patients satisfactorily. Important items such as
hygienic independence, eating capacities and general use of the hands are not
included in the classification, but are of the utmost importance to the patient.
Therefore the classification is barely sufficient to serve as an outcome measure-
ment of surgery. For the practical clinical user, the recently published and vali-
dated Core Questions [17] have proven to be a useful basis for assessment.

Table 1. Ranawat classification

Class I Pain, no neurological deficit
Class II Subjective weakness, hyperreflexia, dysesthesias
Class III Objective weakness, long-tract signs
Class IIIA Ambulatory
Class IIIB Non-ambulatory
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Clinical Presentation

The radiological alterations

in RA do not correlate

with the symptoms

As known from other conditions in the spine, radiological changes are not always
concordant with the clinical symptomatology. Therefore major instabilities may
be without symptoms, and minor alterations may be very painful.

History

The history of RA is generally evident when the spine becomes involved. There-
fore, diagnosis does not cause any clinical problems.

The cardinal symptom of atlantoaxial instability is:

) suboccipital pain
) pain exacerbation on head rotation or flexion

Sometimes a painful “clunk” may be heard or felt by the patient or the examiner
during examination.

If vertebrobasilar insufficiency is involved, patients complain about:

) tinnitus
) vertigo
) disturbance of visual orientation
) dysphagia

Physical Findings

Pain can be so severe

that a physical exam

is not possible

Often occipital and neck pain are so severe that clinical examination is almost
impossible due to protective muscle spasms. Neurological involvement with
compression of the brainstem and the medulla oblongata may be demonstrated
by a positive Lhermitte sign: The patient complains of a sharp electric pain irra-
diation in the body during a flexion maneuver of the cervical spine. Myelopathic
symptoms occur in chronic instability due to repetitive trauma of the medulla.
Typically, the clinical manifestation expresses itself by:

) a positive scapulohumeral reflex [21]
) atrophy of the small muscles of the hand [19]

Cervical RA can cause

myelopathy

However, in RA patients myelopathic symptoms may be difficult to detect clini-
cally due to multiple alterations on various joints from frequent surgical inter-
ventions, thus making it critical to assess reflexes or muscle tonus. In these cases,
neurophysiological investigations with electrophysiological examinations are
indispensable.

Diagnostic Work-up

Imaging Studies

Standard Radiographs

Standard radiography

is the initial imaging

modality of choice

Conventional radiographs are standard. Views in the lateral and anteroposterior
(including the transoral anteroposterior view of the atlas) positions contain valu-
able information about bone quality, segmental changes and alignment.

Several lines that orientate at bony landmarks of the upper cervical spine allow
the degree of subluxation and vertical migration to be quantified. Atlantoaxial
instability may only be detected in lateral flexion/extension views. While in flex-
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Figure 2. Radiographic assessment of instability

Reducibility of atlantoaxial

subluxation influences

surgical strategy

ion the atlas slips anteriorly into a subluxed position, and in extension reduction
an anatomical position occurs as long as there is no fixed subluxation. The trans-
verse instability is measured by the anterior (ADI) or posterior (PADI) (Fig. 2)
atlantodental intervals (Fig. 2). The information on reducibility will influence the
strategy for the surgical procedure. The flexion view is also able to demonstrate
segmental instability of the subaxial cervical spine.

The presence of gross

atlantoaxial instability

requires fiberoptic

intubation

This information is not only valid for the surgeon who intends to assess the
degree of instability but also for the anesthetist who has to intubate the patient.
In the presence of gross instability, fiberoptic intubation is recommended in
order not to move the neck.

Magnetic Resonance Imaging

MRI is indispensable

for surgical planning

This type of imaging represents the standard diagnostic procedure. It allows
direct visualization of soft tissue and bone and the relation to the neurogenic tis-
sue (Case Study 1). Myelon compression by pannus can only be detected on MRI.
If the space available for the cord (SAC) in flexion is less than 6 mm, the risk of
myelopathy increases significantly [5, 6]. The precise anatomical details shown
on the MRI scan are indispensable for the planning of the surgery. Information
about the dimension of the isthmus of C2 may be crucial in deciding whether a
transarticular screw fixation is suitable or not.

Computed Tomography

The information contained in the CT scan is able to reveal anatomical details of
bony structures and CT is indicated as an additional investigation in complex
cases with rotational deformities of the upper cervical spine.

Ultrasound

Ultrasound is useful as a screening method in cases where anomalies of the
course of the vertebral artery are suspected, namely in significant destruction
and deformities.
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Case Study 1

A 52-year-old female patient had suffered from seropositive rheumatoid arthritis for 18 years. Medical treatment had been
successful and the course was relatively benign. Both hips had been replaced 6 and 4 years previously. The patient had
been feeling increasing neck pain for 9 months that had increased with physical activity and subsided at rest. Several
weeks previously, the patient noted a noise in her neck when flexing the cervical spine, which increased the neck pain. The
neurological investigation revealed no neurological deficit. The radiographs in flexion showed atlantoaxial instability with
anterior subluxation of the atlas (a). This dislocation was reduced to normal in the extension views (b). The MRI scan of the
cervical spine showed mild degenerative changes in the lower cervical spine but no stenosis in the suboccipital area (c).
It was decided to fix the atlantoaxial instability with a transarticular C1/2 screw fixation and posterior bone graft (d, e).
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Magnetic Resonance Angiography

Magnetic resonance angiography is the method of choice for identification of
anomalies of the vertebral artery. The details obtained about the vessel through
this non-invasive technique allow optimization of the position of the screws for
internal fixation.

Injection Studies

Facet Infiltration

Facet joint infiltrations

are helpful in localizing

the pain source

Also not commonly used in RA, facet infiltration may help to determine the
source of pain. The injection of a small amount of local anesthetic into the facet
joint should relieve the pain if the corresponding facet is the origin of pain. In
cases with concomitant osteoarthritis of the atlantoaxial joints, this diagnostic
procedure may be helpful to differentiate between pain originating from C1/2
and subaxial pain.

Nerve Root Infiltration

The placement of local anesthetics into the intervertebral foramen can help to
separate peripheral nerve compression syndromes from compressive symptoms
due to local stenosis at the cervical spine.

Neurophysiological Investigations

These investigations are performed by the neurologist and provide information
about the localization and the extent and severity of myelopathy. These addi-
tional techniques have a special place in the context of RA. The clinical examina-
tion in severe RA may be extremely difficult to evaluate. Patients with severe RA
have undergone multiple surgery with soft tissue repair and joint replacement
during the course of the disease. Provocation of reflexes or the testing of muscle
tonus might be impossible. The objective evaluation of these neurophysiological
tests helps to determine the severity of the damage.

Non-operative Treatment

The course of the

rheumatoid disease

is unidirectional

The course of the rheumatoid disease is unidirectional [18] (Case introduction).
Recent medical treatment, i.e. the advent of TNF- [ inhibitors, is able to stop or to
slow down the progression, but there is still no medication to restore stability,
correct deformity or decompress the spinal canal. This knowledge includes the
aspect of prophylaxis. Regular follow-ups are necessary to detect the progression
of instability.

Operative Treatment

General Principles

The general objectives of surgery include:

) eliminating instability
) restoring anatomical alignment
) decompressing neurological structures
) preventing adjacent segment decompensation
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Early surgery minimizes

the operative risks

If the intervention is performed at an advanced stage, the surgery is much more
invasive, requiring anterior decompression/stabilization and additional poste-
rior stabilization, while at an earlier stage of the deformity a relatively simple
posterior approach would have the same effect. On the other hand, the patient
probably has undergone multiple interventions and has more planned surgery
ahead in his or her schedule. Prophylactic surgery will be hardly acceptable in
this situation, but a regular work-up with imaging will be mandatory in order not
to miss any progression of instability in the cervical spine. The same applies for
the myelopathy. Repetitive traumatization of the myelon by instability can cause
myelopathy. Once manifest, recovery becomes more unlikely. Early stabilization
can prevent the occurrence of myelopathy.

Indications

The most frequent indications for surgery are:

) severe neck pain
) instability
) neurological symptoms

It is important to note that instability of the atlantoaxial segment can occur with-
out significant pain. If there is a clear progression with increasing atlantodental
interval (ADI) in different follow-up investigations, stabilization should be
planned even in the absence of severe pain. In unchanged situations, the patient
should be given careful information and the possible risks and advantages of
early surgery or a “wait and see” policy should be explained to involve the patient
in the decision-making process. If myelopathic symptoms are present, decom-
pressive and stabilizing surgery is indicated to prevent further damage [2, 5]
(Table 2):

Table 2. Indications for atlantoaxial surgery based on imaging

SAC in MRI (flexed position) Less than 6 mm

PADI in flexion radiographs Less than 14 mm

Distance from base of the corpus C2 to the fora-
men magnum

Less than 31.5 mm

SAC = space available for cord; PADI = posterior atlantodental interval

The patient’s general

condition must be taken

into account

The decision on surgical indications and even on surgical strategy in rheumatoid
patients should take into account the general situation and other surgery that
might be planned. If inclusion of the occiput into the fusion of the cervical spine
is considered necessary, the situation of the upper limbs should be carefully
checked: In the presence of restricted elbow mobility, the postoperative situation
with a smaller range of motion of the cervical spine may not allow a spoon and
fork to be brought to the mouth and may lead to an inability to eat independently
and therefore to a significant loss of independence for the patient. A careful re-

The function of the elbow

and shoulder has to be

taken into account when

occipitocervical fusion

is planned

evaluation of the indication or synchronized surgery of the elbow will be neces-
sary in this situation. Similarly if shoulder surgery and cervical surgery are
planned in one sitting, it has to be taken into account that for shoulder surgery
special positioning with head rotation is necessary. It should be carefully evalu-
ated whether this rotation is tolerable in the presence of instability and whether
the operated cervical spine is sufficiently stabilized.
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Surgical Techniques

Upper Cervical Spine

Atlantoaxial Stabilization

The classic wiring techniques were introduced by Gallie in 1939 [8] and Brooks in
1978 [3] (see Chapter 30 ).

Transarticular screw fixation

(Magerl) is the method of

choice for atlantoaxial

instability

One or two iliac bone grafts are inserted posteriorly and fixed with wires to
the posterior arch of the atlas and the spinous process of C2 or the lamina of C2.
The advantage of these procedures is the easy technique; however, the lack of
stability mainly in rotation and translation leads to a considerable rate of pseud-
arthrosis. Attempts have been made to improve this by introducing posterior
clamps between the atlas and axis but these have failed because of frequent loos-
ening. The technique of Magerl/Seemann (1986) [16] was finally able to improve
the results of posterior atlantoaxial fusion by using transarticular screws (Case

Study 1). This procedure provides a three-dimensional stability [11, 12] by
insertion of screws bilaterally through the facet joints, thus preventing disloca-
tion in translation and rotation (Fig. 3). The construct is completed by a poste-
rior bone graft fixed with wires or non-absorbable suture to the atlas and axis in
the midline. This additional posterior support provides stability in flexion and
extension. It is possible to reduce the rate of pseudarthrosis to 0–5% with this
procedure. The disadvantage remains the technically difficult insertion of the
screws. An increased capacity for reduction in cases of fixed subluxation is
achieved by lateral mass fixation in the atlas [9, 14]. Four polyaxial screws of
appropriate size are inserted bilaterally into the lateral masses of the atlas and
the pedicle of C2 and connected with longitudinal rods. This complex construct
represents a difficult operative technique but is excellent for special cases and
salvage procedures.

a b

Figure 3. Atlantoaxial fusion in RA

a, b A midline bone graft is fixed posteriorly in the midline by a wire loop between the posterior aspect of C1 a and C2.
Transarticular C1/C2 screw fixation. By inserting bilateral transarticular screws and a posterior bone graft in the midline,
a solid three-point fixation is achieved between the atlas and the axis (b).
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Occipitocervical Fusion

Inclusion of the occiput

often leads to subaxial

decompensation

As mentioned earlier, the inclusion of the occiput into the fusion mass in rheu-
matoid patients should be carefully indicated. The increased lever arm produces
additional forces to the adjacent levels. In RA patients with reduced bone quality,
this leads to decompensation in the non-fused segment of the lower cervical
spine in 30–40% of patients [15, 18]. As a consequence, the inclusion of the occi-
put implies the extension of the fusion to the whole cervical spine, leading to a
significant reduction in range of motion [13].

Decompression of the Upper Cervical Spine (C0–C2)

The most frequent compression of the myelon occurs at the atlantoaxial level by
the subluxation that causes a dens axis protruding dorsally into the lumen of the
spinal canal. The easiest way to decompress therefore is to restore the normal
anatomical situation by reducing the subluxation. This can be achieved during
the fixation procedure if the subluxation has not yet been fixed by advanced joint
destruction. In non-reducible dislocations, an anterior transoral approach may
be used to decompress the spinal canal by resection of the dens [4]. Since this
procedure requires partial resection of the anterior part of the atlas, additional
fixation should be performed. In the same sitting, posterior atlantoaxial fixation
can be added. This also allows posterior decompression by laminectomy or wid-
ening of the foramen magnum if required (Table 3):

Table 3. Interventions of the upper cervical spine

Pathology/intervention “Wait and see”,
regular follow-up

Stabilization
C1/2

Transoral
decompression

Inclusion of
the occiput

Painfree, moderate C1/2 dislocation X

C1/2 subluxation without myelopathy (X) X

C1/2 reducible subluxation with myelopathy X

Locked C1/2 subluxation with myelon compression X X

Vertical migration of the dens without myelopathy X

Vertical migration of the dens with myelopathy X X

Subaxial Cervical Spine (C2–C7)

Decompression of the Subaxial Spine

Corpectomy is the

preferred method for

anterior decompression

Narrowing of the spinal canal can occur by pannus formation or secondarily by
segmental dislocation and malalignment. Due to the anatomical configuration,
the cervical spine tends to produce anterior dislocation and loss of lordosis with
mainly anteriorly located compression. The anterior decompression therefore
represents the standard procedure. According to the severity of the stenosis, one
or several levels are involved, requiring corpectomy with removal of the anterior
part of the vertebral body (Fig. 4). From a posterior approach, laminectomy can
be added if posterior compression is identified.

Stabilization of the Subaxial Cervical Spine

Marked osteoporosis

may require anterior

and posterior fixation

The administration of steroids over a period of years produces marked osteopo-
rosis in rheumatoid patients, which represents a most challenging situation.
Bone grafts, cages and plates tend to subside, producing recurrent deformation
and pseudarthrosis. Therefore in most situations of multisegmental fusion, a
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Case Study 2

A 46-year-old female had suffered from seropositive rheumatoid arthritis for 11 years. Seven years previously she experi-
enced an episode of mild neck pain. The radiographs at the time revealed an atlantoaxial subluxation in the flexion view
(a). Her treating physician considered conservative treatment appropriate. She underwent several interventions to the
peripheral joints (hips, elbow, hand), but developed neck pain only 8 months previously. Four weeks previously she felt
it difficult to maintain her head in an upright position and preferred to wear a collar for stabilization. She reported inter-
mittent paresthesias in both hands. The radiograph of her cervical spine showed in the lateral view a kyphotic deformity
involving C4–C6 (b). Bone resorption and sclerosis of the endplates with resorbed discs were the morphological changes.
The MRI scan confirmed the deformity and revealed a spinal stenosis at the level of C5/6 due to subluxation (c). Neuro-
physiological examination of the patient provided evidence of mild cervical myelopathy. The patient was surgically
treated with anterior decompression by corpectomy C4–C7. The reconstruction of the anterior column was achieved by
insertion of a titanium mesh cylinder. It was filled with the debris of the corpectomy bone and fixed in place with two
bicortical bone screws. In the same session the posterior fixation from C0 to T2 was executed. Abundant iliac bone was
used as fusion mass along the entire cervical spine (d, e).
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Figure 4. Subaxial fusion in RA

a, b Reduced bone quality in RA often requires complex surgery with anterior decompression by corpectomy, recon-
struction with a cage or bone graft and posterior fixation with a screw rod system.

combined anterior and posterior approach will be necessary to achieve sufficient
stability (Case Study 2). Anteriorly, plates and strut grafts are common implants
to compensate for the iatrogenic instability produced by corpectomy. Posteriorly,
lateral mass screws and plate or rod fixation (Fig. 4) provide sufficient stability.
In special cases where additional reduction is required, the transpedicular screw
fixation technique provides more stability but carries a higher risk of nerve root
injury.
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Recapitulation

Epidemiology. Approximately 40 % of patients with
rheumatoid arthritis show pathology in the cervical
spine, mainly the atlantoaxial segment.

Pathogenesis. The translational instability between
axis and atlas might be painful and leads in the long
term to myelopathic changes due to chronic trau-
matization of the myelon. Ongoing osseous resorp-
tion of the lateral masses of the atlas causes upward
migration of the dens into the foramen magnum. In
the subaxial cervical spine, the inflammatory process
causes instability and deformity.

Clinical presentation. The instability and deformity
are mostly associated with the corresponding clini-
cal symptoms: pain and neurological signs in dif-
ferent stages. However, it has to be kept in mind
that these patients are used to tolerating pain and
that often other problems of the joints are more
prominent. The pathology of the cervical spine may
progress unnoticed in these cases.

Diagnostic work-up. Every patient with RA should
have a lateral flexion radiography of the cervical
spine performed as a screening investigation at
least every 3 – 5 years (according to the aggressivity
of the disease). In cases of manifest instability or de-
formity, a neurophysiological work-up and MRI
should be performed.

Non-operative treatment. If surgery is not indicat-
ed, the patient should be given regular observation
with neurophysiological examinations, radiographs
and MRI.

Operative treatment. Neck pain is the most com-
mon indication for surgery, but neurological symp-

toms with myelopathy or radicular deficits might be
the primary cause for surgery. It should be kept in
mind that clinical assessment in rheumatoid patients
might be extremely difficult since previous surgery
on various articulations of the extremities makes in-
terpretation of clinical findings difficult. Neurophysi-
ological investigation is a suitable means for obtain-
ing objective results. Stabilization of the atlantoaxial

segment is the most common procedure for treat-
ment of atlantoaxial instability. It is performed by
screw fixation technique from a posterior approach.
In the case of severe occipitocervical dislocation, the
fixation should be extended to the occiput. Persis-
tent dislocation or compression by the dislocated
dens should be treated by transoral decompression.
In the subaxial spine, instabilities may be treated by
posterior plate fixation with lateral mass screws or
pedicle screws. Concomitant narrowing of the spinal
canal should be approached by anterior decompres-

sion with corpectomy and/or posterior laminecto-
my. The timing of surgery in rheumatoid patients is
crucial to obtaining satisfactory clinical results.

Key Articles

Boden SC, Dodge LD, Bohlmann HH, Rechtine GL (1993) Rheumatoid arthritis of the
cervical spine. Long term analysis with predictors of paralysis and recovery. J Bone Joint
Surg 75-A(9):1282–1297
The authors report their experience in treating 73 patients with rheumatoid arthritis with
an average follow-up of 7 years. The authors highlight that the most important predictor
of the potential for neurological recovery after the operation was the preoperative poste-
rior atlanto-odontoid interval. In patients who had paralysis due to atlantoaxial subluxa-
tion, no recovery occurred if the posterior atlanto-odontoid interval was less than 10 mm,
whereas recovery of at least one neurological class always occurred when the posterior
atlanto-odontoid interval was at least 10 mm. If basilar invagination was superimposed,
clinically important neurological recovery occurred only when the posterior atlanto-
odontoid interval was at least 13 mm. All patients who had paralysis and a posterior
atlanto-odontoid interval or diameter of the subaxial canal of 14 mm had complete motor
recovery after the operation.

Crockard HA, Pozo JL, Ransford AO, Stevens JM, Kendall BE, Essigman WK (1986)
Transoral decompression and posterior fusion for rheumatoid atlanto-axial subluxa-
tion. J Bone Joint Surg 68B(3):350–356
In this landmark paper, Crockard et al. describe a surgical technique for transoral ante-
rior decompression and posterior occipitocervical fusion, which removes both bony and
soft-tissue causes of compression and allows early mobilization without major external
fixation.
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Key Articles

Dvorak J, Grob D, Baumgartner H, Gschwend N, Grauer W, Larsson S (1989) Functional
evaluation of the spinal cord by magnetic resonance imaging in patients with rheuma-
toid arthritis and instability of upper cervical spine. Spine 14(10):1057–1064
This study describes the imaging findings in patients with atlanto-axial instability due to
rheumatoid arthritis and provides recommendations for surgical treatment.

Matsunaga S, Sakou T, Onishi T, Hayashi K, Taketomi E, Sunahara N, Komiya S (2003)
Prognosis of patients with upper cervical lesions caused by rheumatoid arthritis: com-
parison of occipitocervical fusion between C1 laminectomy and nonsurgical manage-
ment. Spine 15(28):1581–1587
In a matched controlled comparative study, non-surgical treatment and occipitocervical
fusion associated with C1 laminectomy were evaluated in patients with upper cervical
lesions caused by rheumatoid arthritis. The authors concluded that occipitocervical
fusion associated with C1 laminectomy for patients with rheumatoid arthritis is useful
for decreasing nuchal pain, reducing myelopathy, and improving prognosis.

Combe B, Landewe R, Lukas C, Bolosiu HD, Breedveld F, Dougados M, Emery P, Ferrac-
cioli G, Hazes JM, Klareskog L, Machold K, Martin-Mola E, Nielsen H, Silman A, Smolen
J, Yazici H (2007) EULAR recommendations for the management of early arthritis:
report of a task force of the European Standing Committee for International Clinical
Studies Including Therapeutics (ESCISIT). Ann Rheum Dis 66:34–45
Excellent review on the conservative treatment of rheumatoid arthritis with recommen-
dations on the management of early rheumatoid arthritis
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Ankylosing Spondylitis

Thomas Liebscher, Kan Min, Norbert Boos

Core Messages

✔ Ankylosing spondylitis (AS) is a systemic,
inflammatory, seronegative rheumatoid disease

✔ Ankylosing spondylitis in 90 % of cases is asso-
ciated with HLA-B27

✔ The male/female ratio is 2 –7:1
✔ The onset of the disease is usually between 15

and 35 years of age, and it can take up to
10 years before the diagnosis is made

✔ The imaging modalities of choice are standard
radiographs and MRI. Computed tomography is
useful for diagnosing occult fractures and for
preoperative planning

✔ Ankylosing spondylitis is treated non-opera-
tively by analgesics, anti-inflammatory drugs
and physiotherapy

✔ Spinal surgery is only indicated if conservative
treatment has failed to prevent spinal deformi-
ties and instabilities or in the case of disc space
infections

✔ The surgical techniques for treating spinal
deformity, instabilities and infections depend
on the localization and etiology of the pathol-
ogy

✔ Surgical techniques include lumbar closing
wedge (pedicle subtraction) osteotomies, mul-
tisegmental posterior wedge osteotomy, cervi-
cal opening or closing wedge osteotomies

✔ Meticulous preoperative planning of the osteo-
tomy is mandatory

✔ Unstable fractures with neurological dysfunc-
tions at the cervical spine are stabilized from a
combined anterior and posterior approach. In
the lumbar spine, the surgery is most fre-
quently done from posterior

✔ Surgical interventions for ankylosing spondyli-
tis are prone to complications

Epidemiology

Spondyloarthropathies

are chronic systemic

inflammatory rheumatic

disorders

Spondyloarthropathies (SPAs) are systemic and chronic inflammatory rheu-
matic disorders with involvement of the axial skeleton or asymmetrical arthritis
of large joints of the lower extremities.

SPAs are divided into five subcategories:

) ankylosing spondylitis
) psoriatic arthritis
) reactive arthritis
) inflammatory bowel disease related arthritis
) undifferentiated spondyloarthropathy

Ankylosing spondylitis is the

most common form of SPA

Ankylosing spondylitis (AS) is the most common form of SPA affecting the whole
spine [7, 17, 20, 105]. The final result is a kyphosis of the whole column with sag-
ittal imbalance (Case Introduction). Besides spinal ankylosis, inflammatory
lesions, bony erosions, discitis and loss of bone mineral density (BMD) can occur
during the process of this disease. AS was described for the first time by Vladimir
von Bechterew in 1893 [9]. The description was initially based on clinical symp-
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Case Introduction

A 42-year-old male had suffered from ankylosing spondylitis for over 10 years and developed a progressive ankylosis of
the entire spine. Despite intensive physiotherapy, the patient developed an increasing sagittal deformity and loss of his
vertical gaze (a). When shaking hands, he was unable to look at his counterpart, which was quite disturbing in his job. The
standing lateral radiograph demonstrates a significant loss of lumbar lordosis (b). Since the pathology was predomi-
nantly located in the lumbar spine, a lumbar closing wedge osteotomy at L3 was suggested and carried out.

toms and the spinal deformity. With the advance of radiography, it was possible
to document the articular changes. AS is associated with chronic inflammation
of the:

) sacroiliac joints
) vertebral column
) osteoarthritis of the large joint (hip, knee and shoulder joints)
) extra-articular disorders including enthesitis and uveitis

AS more frequently

occurs in males

Ankylosing spondylitis occurs more frequently in the male population with a
ratio of between 2 and 7 to 1 [28, 31, 43, 49, 53, 79, 105]. The prevalence rate in
Europe and North America ranges between 0.1 and 1.4/100000 and regionally
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c d e

Case Introduction (Cont.)

Postoperative radiographs (c, d) demonstrate an excellent correction and alignment of the spine with recreation of lum-
bar lordosis. At a 2-year follow-up, the patient was very satisfied with the result, able to look straight ahead and fully func-
tional in his job (e).

The onset of disease

is usually between 15

and 35 years of age

can rise up to 8.2/100000 [87]. The onset of disease is usually between 15 and
35 years. Up to 10 years can pass before the diagnosis is made [40, 43, 49, 79].

This delay in diagnosis is due to the initially non-specific clinical symptoms
(e.g., low back pain) and lack of early pathognomonic imaging findings. During
the later disease stage, inflammatory spinal lesions can be found which most
commonly occur in the thoracic and lumbar spine [8, 105]. Aseptic spondylodis-

AS is characterized by

progressive kyphosis with

segmental instability, asep-

tic discitis and osteoporosis

citis is an erosive lesion of the disc and vertebral body without infection or
trauma, first described by Andersson in 1937 [2]. Clinical and radiographic find-
ings demonstrate a progressive vertebral and discovertebral kyphosis with seg-
mental instability [99, 103]. The prevalence of aseptic discitis is about 18% of
patients with AS [61]. Almost half (40–50%) of the patients with mild AS exhibit
osteopenic or osteoporotic lumbar vertebrae [6, 94, 107]. Severe complications of
osteoporosis and loss of trabecular bone are spinal fractures subsequent to The prevalence of spinal

fractures is about 5 %

and increases with age

minor trauma. The prevalence of spinal fracture is about 5% and increases with
age [40]. It reaches about 15% at the age of 42 years and older [40]. Unilateral
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AS also frequently affects

hips, knee and shoulder

joints

inflammation of large diarthrodial joints such as hips, knees and shoulders is a
common symptom of SPA. Hip joints are affected in 57% of patients [37]. The
prevalence of unilateral shoulder arthritis in patients with AS is estimated to be
between 30% and 58%. Approximately 25% of AS patients even suffer from bilat-
eral shoulder arthritis [37, 38, 43]. Besides changes in physical function, other
areas also affect the quality of life such as [12]:

) psychological domain [67]
) social domain
) economic aspects

A disease duration of

15 years is associated with

a 50 % inability to work

After a disease duration of 15 years, about 50% of patients are usually no longer
able to work full time [43]. Up to 80% of patients suffer from daily pain and more
than 60% need to take painkillers daily [43]. In addition, anxiety and depression
are correlated with the degree of disorder [45, 67].

Pathogenesis

Genetic factors play

a key role

Despite intensive research, the pathogenesis of AS is not yet clear [19]. There is
increasing evidence that AS is genetically linked. The association of AS and the

The pathogenesis of AS

is not clear

HLA-B27 gene is well known. HLA-B27 can be found in up to 90% of patients
with AS [49, 79, 105]. The HLA-B27 gene is mapped to the major histocompatibil-
ity complex (MHC) class I region on the short arm of chromosome 6 [55]. There
are 24 subtypes of HLA-B27 [54, 55]. The subtype HLA-B27 05 is most common
worldwide. Twin studies have shown that AS is passed on to the next generation
with a higher incidence for monozygotic than for dizygotic or even heterozygotic
parent-child pairs [24, 49]. Since 80–90% of all HLA-B27 carriers do not develop
AS, it is widely assumed that more genetic factors are involved [87]. HLA subtype
carriers B27 06 (found in the Southeast Asian population) and B27 09 (Sardinian
population) do not develop AS [54, 55], which also strongly indicates the exis-
tence of other genetic factors. Whole genome mapping and within-family studies
have demonstrated a link between AS and other non-HLA-B27 genes mainly on
the short arm of chromosome 6 [23, 62, 89, 93].

Bacterial infections

may trigger autoimmune

responses

An infection-based pathogenesis of AS has been the subject of critical debate
[19, 41, 66, 96]. Antigenic peptides are thought to derive from bacterial proteins
(P. aeruginosa, E. coli and Bacillus megaterium) which have a similar alignment
of amino acids like peptides inside articular joints [41, 66]. HLA-B27 restricted
CD8-T lymphozytes are suspected of identifying the bacterial protein as a target
and thereafter could also aim at peptide structures inside the sacroiliac joint or
vertebral column resulting in an autoimmune reaction with inflammatory signs.
The finding that reactive arthritis is triggered by genitourinary infections with
Chlamydia trachomatis or by enteritis caused by gram-negative enterobacteria
(e.g., Shigella, Salmonella, Yersinia and Campylobacter) supports this hypothesis,
but the evidence for triggering infections in other spondylarthopathies is limited
[19].

Inflammatory reactions

play a key role

in the pathogenesis

The detailed pathogenetic mechanisms have yet to be elucidated for associ-
ated bone mineral density loss, bony lesions as well as the formation of new bone
material ending up in ankylosis. It is assumed that new bone formations are
independent of local inflammatory processes [66]. On the other hand, there is
some evidence that persistent inflammation might be an etiologic factor of bone
loss in AS [65]. Consequences of bone loss are (occult) fractures and pseudar-
throsis, in which microscopically necrotic bone material and cartilage can be
observed besides vascular fibrous tissue [39]. The existence of an aseptic discitis
supports an inflammatory origin for bony changes. CD3+ lymphocytes and IgA
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positive plasma cells have been identified in vertebral bones and the surrounding
soft tissue affected by aseptic discitis [76]. Blood markers for inflammation (CRP,
ESR) are found elevated in aseptic discitis as well [61, 76]. After local inflamma-
tory processes, disc replacing fibrous tissue and cartilaginous nodules have been
identified in later stages of aseptic discitis [27, 61]. Bone marrow from zygapo-
physeal joints demonstrates persistent inflammation even in those patients with
long-standing disease. The findings of increased numbers of T cells and B cells
and neoangiogenesis suggest that these features play a role in the pathogenesis of
AS [3].

Stages of pathological

changes include inflamma-

tory responses, proliferative

bone sclerosis and ankylosis

with increasing deformity

Pathological changes of the vertebral column due to AS occur in three consecu-
tive or side by side stages: First, there is an inflammatory process with bony ero-
sions and destruction of vertebrae and discs. The development of square vertebral
bodies is shown to be based on a combination of a destructive osteitis and repair
[5]. These changes initially are noted in the whole spine yet more frequently are
seen in the lower thoracic spine [8, 105]. Second, a proliferatory bone sclerosis
develops followed by a reactive bone formation with syndesmophytes. These
changes are slow in growth throughout the whole spine followed by kyphotic defor-
mation and progressive sagittal imbalance of the spine. Third, the spine deformity
will increase to an ankylosing process and end in a so-called bamboo spine.

The rationale of conservative therapy is to protract the consequences of
inflammation and osteoporosis and defer structural damage to the affected
bones. The finding of abundant tumor necrosis factor (TNF)- [ message in
affected joints provides the rationale for the therapeutic use of TNF- [ inhibitors
[18, 19]. A strategy of continuous use of non-steroidal anti-inflammatory drugs
(NSAIDs) has been shown to reduce radiographic progression in symptomatic
patients with AS, without increasing toxicity substantially [102]. Early treatment
therefore appears essential for a good clinical outcome [15, 71].

Clinical Presentation

History

The diagnosis

is often delayed

Ankylosing spondylitis predominantly affects the mobility of the vertebral col-
umn, joint function and pain. This entity is sometimes difficult to diagnose par-
ticularly during the onset of the disease. Quite often the diagnosis is therefore
delayed.

It is important to consider the diagnosis of AS in patients who present with
early symptoms such as:

) morning stiffness
) pain in the pelvic region (sacroiliac joints)
) pain at night
) decreasing pain during movement
) musculoskeletal pain at varying locations
) fatigue
) loss of body weight
) subfebrile temperature

When AS has become manifest, the disease affects the function and mobility of
the spine and diarthrodial joints and results in pain. The cardinal symptoms are:

Inflammatory back pain

is a hallmark

) “inflammatory” back pain
) typical arthritis pain (pain at night and stiffness in the morning)
) progressive spinal stiffness
) progessive hyperkyphosis (inability to look straight ahead)
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Table 1. Criteria for inflammatory back pain

) morning stiffness > 30 min ) improvement in back pain with exercise
but not with rest) awakening because of back pain during

the second half of the night ) alternating buttock pain

The criteria are fulfilled if at least two of four of the parameters are present [80]

Inflammatory pain is among the first symptoms and the key clinical sign
of AS. The criteria [80] for inflammatory back pain in younger patients
(<50 years) are shown in Table 1.

Rudwaleit reported that none of the single parameters sufficiently differenti-
ated AS from mechanical low back pain. Several sets of combined parameters
proved to be well balanced between sensitivity and specificity. If at least two of
the aforementioned four parameters were fulfilled (positive likelihood ratio 3.7),
a sensitivity of 70.3% and a specificity of 81.2% was found. If at least three of the
four parameters were fulfilled, the positive likelihood ratio increased to 12.4 [80].

Additional symptoms are:

) enthesitis (e.g., Achilles tendon, plantar fascia)
) anterior uveitis
) pulmonary, cardial and bowel inflammation

Typical concomitant disorders or extra-articular manifestations have been
observed to be part of AS: painful tendinopathy, acute anterior uveitis (AAU),
pulmonary and cardial inflammation, e.g., aortitis, and bowel disease. The fre-
quency, duration and intensity of these concomitant disorders varies individu-

AS is a systemic disease ally. The prevalence of AAU is between 33% and 49% [21, 25, 43]. AS is perceived
as a systemic disease.

Physical Findings

Ankylosing spondylitis is a potentially progressive disease. The first symptoms
of AS are mild and non-specific.

The physical findings

are often non-specific

Frequent physical findings are:

) pain provocation of sacroiliac joints (positive Mennell test)
) decreased spinal mobility (Schober and Ott test)
) anterior sagittal imbalance (plumbline falling in front of the hip joint)
) coronal spinal imbalance (less frequently)
) reduced chest expansion during inspiration and expiration after a chronic

progression
) loss of body height

A neurological examination of the upper and lower extremities is mandatory to
diagnose neural compression. In the presence of severe back pain, it is manda-

Rule out spinal instability

or an occult fracture in cases

of severe back pain

tory to rule out a spinal instability or an occult fracture [34, 42] in order to pre-
vent neurological deterioration due to epidural bleeding or secondary fracture
displacement [77, 78]. Compensatory balance adjustment occurs in the cranial
segments of the cervical spine as a direct consequence of the AS associated col-
umn stiffening. Furthermore, an increased force effect for the small vertebral
joints can be observed with the risk of atlanto-occipital subluxation or even a ver-
tebral dislocation. Pain, stiffness and reduced range of motion in peripheral
joints can occur at any stage of the disease. A thorough examination of the large
diarthrodial joints and the search for enthesopathies is compulsory in addition to
the mandatory clinical examination of the spine [37, 38].
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Diagnostic Work-up

Early diagnosis can improve

treatment outcome

The ultimate goal is to diagnose AS as early as possible so as to start an appropri-
ate therapy. When AS is suspected, a thorough diagnostic assessment must be
enforced because early diagnosis can improve treatment outcome. A positive
family history and reports of typical arthritis symptoms such as pain at night and
stiffness in the morning can be helpful. In addition to the physical examination,
the diagnostic work-up comprises laboratory investigations, including HLA-B27
determination and imaging studies.

Laboratory Investigations

The most important laboratory investigations are:

) C-reactive protein (CRP)
) elevated erythrocyte sedimentation rate (ESR)
) white blood cell count (WBC)
) determination of HLA-B27 only in symptomatic patients

Inflammatory markers are

sensitive but non-specific

These inflammation markers are sensitive but non-specific [35, 36, 68, 69]. Occa-
sionally, a light anemia can be observed. The sensitivity of HLA-B27 determina-
tion is about 90% but the specificity is low since up to 80% of HLA-B27 carriers
do not suffer from AS [43, 49, 54]. The laboratory examination could evolve to a
better diagnostic tool through the identification of non-major histocompatibility
complex (n-MHC) “genetic susceptibility factors” in AS using gene mapping
techniques [23, 55, 62].

Imaging Studies

Besides the typical clinical signs and laboratory investigations, the imaging stud-
ies are essential for the early diagnosis of AS. However, imaging findings of acute
inflammation, or bony alterations of sacroiliac joints (SI joints) or vertebral col-
umn, can be absent in the early stages of AS (Fig. 1). Imaging studies of the spine
are essential to:

) make the diagnosis of AS
) exclude fractures, spondylolisthesis or Andersson lesions
) assess sagittal imbalance
) monitor progress of the disease
) assess the treatment effect

Signs of acute inflammation

and bony alterations can

be absent in early stages

Clinical examinations are complemented by various imaging studies (X-ray, CT,
MRI and bone scan). However, whole-body MR imaging will more and more be
used to monitor inflammatory spinal lesions at an early or an active stage of dis-
ease. The possibility of evaluating shoulder and hip joints together with the axial
skeleton is the major advantage of whole-body MRI [105].

Standard Radiographs

Standard radiography

remains the mainstay

of diagnostic imaging

Standard radiographs of the spine and sacroiliac joints (SIJs) remain the main-
stay of diagnostic imaging for AS (Fig. 1a).

The hallmark of AS is a sacroiliitis and at a later stage ankylosis of the SIJs
(Fig. 1a–c). Radiologic alterations of the SIJs are differentiated by the modified
New York classification [97] into four grades (Table 2).
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b

c

d

Figure 1. Typical imaging findings

a Endstage ankylosis of the sacroiliac joint (SIJ). b Dense
sclerosis and irregularities of the SIJ at the iliac side. Note
the osseous bridges crossing the SIJ. c STIR sequence
showing increased signal intensity within the SIJ at the
sacral side. Joint irregularities are less visible on MRI com-
pared to CT. d Typical syndesmophyte with calcification of
the longitudinal ligament and outer anulus fibrosus. Note
the preserved disc height.
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Table 2. Radiologic grading of sacroiliac joint alterations

Grade I ) suspicious

Grade II ) evidence of erosion and sclerosis

Grade III ) Grade II and ankylosis

Grade IV ) complete ankylosis

New York criteria [97]

The radiologic hallmark

is a sacroiliitis

However, inflammatory processes in AS must be well differentiated from a septic
sacroiliitis (e.g., Staphylococcus aureus, Streptococcus species). Septic sacroiliitis
(SS) is a rare disease. Typically a septic sacroiliitis shows non-specific symptoms
similar to AS such as low back pain, pain in the pelvic region, and related pain in
varying locations (hip joints).

Typical radiological changes of the spine indicative of AS are [20, 58]:

) bony erosions
) bony sclerosis
) syndesmophytes
) Andersson lesions (erosive discovertebral lesions) [61]
) ankylosis (bamboo spine)
) vertebral osteoporosis

Syndesmophytes must be

differentiated from

osteophytes

Syndesmophytes as a result of an ossification of outer anulus fibrosus (Sharpey’s
fibers) must be differentiated from osteophytes by their shape and site (Fig. 1d).
Syndesmophytes exhibit a slow growth from the cervical to the lumbar spine [17]
leading to a kyphotic deformation of the entire spine and often resulting in a pro-
gressive sagittal imbalance. The kyphotic deformity is most pronounced in the
thoracic spine.

During the advanced stage of the disease, vertebral column alterations can
include:

) severe kyphotic spinal deformity with sagittal imbalance
) spinal fractures (often occult) [42, 57, 75]
) atlanto-occipital instability

Rule out spinal fractures

in case of trauma

Patients with AS are susceptible to fractures of the spinal column which are fre-
quently overlooked. The fractures are atypical compared to fractures of the undis-
eased bone [57] and frequently involve all three spinal columns [103]. Radiographs
are strongly recommended after each single trauma with pain symptoms. Persistent
pain even after minor trauma should prompt a thorough imaging work-up.

Magnetic Resonance Imaging

Magnetic resonance imaging (MRI) provides an excellent depiction in early
stages of the inflammatory disease. Standard examinations searching for inflam-
matory alterations are done in the coronal and sagittal plane using fluid sensitive
sequences with fat signal suppression, e.g., short tau inversion recovery (STIR)
sequence. The advantage is a better contrast of fat and water which results in a
better sensitivity for inflammatory spinal lesions than in T1-weighted MRI after
contrast enhancement [7, 8]. The STIR sequence is also helpful in diagnosing
occult fractures of the vertebral column indicated by indirect signs of a bony
edema or soft tissue (Fig. 1c).

MRI can demonstrate

inflammatory alterations

early

Magnetic resonance imaging can demonstrate injuries to the ligaments or
sequelae of spinal trauma, e.g., neural compromise and epidural hematoma.
Therefore, especially at the level of the cervical column, MRI should be compul-
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Examination of AS patients

in the MR magnet is difficult

because of the spinal

deformity

sory [75]. MRI does not show fewer fractures for the whole spine than computed
tomography (CT) [103]; however, a disadvantage of MRI is the difficult examina-
tion of dorsal elements of the vertebral and cervical columns, e.g., facets. In these
cases detection of fractures with MRI can be difficult [57].

Characteristic findings of MRI suggestive of AS are [17, 105]:

) discitis
) erosions
) syndesmophytes
) partial fusion
) ankylosis

Signs of an inflammatory lesion are:

Differentiate inflammatory

and septic sacroiliitis

) subchondral sclerosis without increased signal after contrast enhancement
) edema-like bone marrow abnormalities (by STIR and/or contrast enhanced

sequences)
) fatty replacement of subchondral bone marrow of SI joints

Magnetic resonance imaging allows the differentiation of inflammatory and sep-
tic sacroiliitis. Signs indicative of a septic origin are [91]:

) anterior and/or posterior subperiosteal infiltrations
) transcapsular infiltrations of juxta-articular muscle layers

Computed Tomography

The spine can be precisely visualized with 3D CT imaging, particularly the dorsal
elements (posterior longitudinal ligament, spinous process and facet joints),
which are more difficult to visualize with MRI [57, 103]. A spiral CT with multi-
planar reconstruction can improve the image resolution, which makes identifica-
tion of bone fractures easier and thus helps in elucidating “occult” fractures [46].

CT scan is helpful in the

detection and localization

of spinal fractures

The domain of the CT is the diagnosis of fractures. Patients with AS can sus-
tain fractures after minor trauma [42, 57, 75, 78, 103] or even without recalling a
trauma [77]. Furthermore, CT can be utilized for preoperative planning of cor-
rective spinal osteotomies.

Bone Scan

Bone scan remains

a screening tool

for inflammatory processes

Bone scans still play a role as a supraregional screening modality for inflamma-
tory reactions. The scintigraphy is less sensitive than an MRI scan for detecting
a sacroiliitis (61% vs. 55%) [48]. The specificity of a sacroiliac joint scintigraphy
is reduced due to a high bone turnover metabolism [20]. However, the scintigra-
phy is a good alternative method for diagnosing AS in the early stages, at the time
when typical radiological changes of SI joints are missing in standard radio-
graphs [48, 83]. A scintigraphy can also be useful in the search for inflammatory
lesions or aseptic discitis. The location of the spine pathology is important for
differentiation between a fracture, metastasis, inflammatory lesions or discitis.

Diagnostic Criteria

The diagnosis is difficult

at an early stage

The diagnosis of AS is difficult at an early stage because of non-specific clinical
symptoms and a lack of radiological signs. Therefore, AS often remains undiag-
nosed for several years. The most frequent clinical symptom in AS is a sacroilii-
tis, which is present in 90% of all chronic cases. However, in the early stages a sac-
roiliitis can be absent in 70–90% of all cases [81]. Other typical clinical symp-
toms and signs are inflammatory back pain, progressive spinal stiffness and
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reduced chest expansion. At the level of the spinal column inflammatory lesions
appear mainly at the thoracic level [8, 17, 105]. Chronic inflammatory alterations
appear at all levels of the vertebral column. Mainly affected are spinous processes
and facet joints [105]. The modified New York criteria allow the diagnosis of AS
(Table 3) [97]:

Table 3. Modified New York criteria for ankylosing spondylitis

Clinical criteria Radiologic criterion

) low back pain and stiffness for more than 3 months which improves with exercise,
but is not relieved by rest

) sacroiliitis grade 2 bilaterally, or
sacroiliitis grade 3 – 4 unilaterally

) limitation of motion of the lumbar spine in both the sagittal and frontal planes
) limitation of chest expansion relative to normal values corrected for age and sex

Definite AS is present if the radiological criterion is associated with at least one clinical criterion [97]

Diagnosis is still difficult and

based on the presence

of multiple findings

The modified New York criteria differentiate non-active and active stages of AS.
An active stage is defined as persisting clinical symptoms for a minimum of
6 months.

Non-operative Treatment

Ankylosing spondylitis is a chronic, systemic disease which cannot be cured. All
treatment measures remain palliative, i.e., can reduce clinical symptoms and
slow disease progression and ankylosis. The general objectives of treatment are
(Table 4):

Table 4. General objectives of treatment

) control of inflammatory processes ) pain relief
) prevention of disease progression ) preservation of spinal balance
) preservation of spinal mobility ) improvement of quality of life

Natural History

Ankylosing spondylitis

is a chronic inflammatory

disorder with a varying

level of disease

Ankylosing spondylitis is a chronic inflammatory disorder with varying disease
progressions and accordingly mild to severe clinical symptom intensity. How-
ever, in less than 1% of all patients a long term remission has been described
[52]. Progression of ankylosing spondylitis is usually linear [22] and affects
either isolated structures or a combination of them [106]:

) sacroiliac joints
) axial skeleton
) peripheral joints
) extra-articular structures

In spondylarthopathies in general, several prognostic factors have been identi-
fied which correlate with disease severity [1]:

) hip arthritis
) high erythrocyte sedimentation rate (>30 mm/h)
) poor efficacy of non-steroidal anti-inflammatory drugs
) limitation of lumbar spine
) sausage-like finger or toe
) onset 16 years
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Hip involvement is a strong

predictor of poor outcome

If none of these factors is present at entry, a mild outcome can be predicted with
a high sensitivity (92.5%) and specificity (78%). If a hip is involved or if three
factors are present, a severe course is predictable (sensitivity: 50%) and a mild
disease practically excluded (specificity: 97.5%) [1]. In particular, hip involve-
ment has been demonstrated as a predictor of poor outcome [22]. There is an
increase in the prevalence of spinal fracture with age [40], which has been associ-
ated with a decreased bone mineral density [64] though the intensity of the dis-
ease itself is independent of age [21].

Non-operative Management

Early treatment improves

the clinical course

It has been demonstrated that early treatment can improve the clinical course
and general treatment outcome [13, 15]. The mainstay of treatment remains
drug therapy in conjunction with structured exercise programs. However, debate
continues on the effect of structured exercise programs [19]. The current best
available evidence suggests that physiotherapy is beneficial for people with AS.
However, it is still not clear which treatment protocol should be recommended in
the management of AS [32].

Pharmacological Therapy

There is a rank order

for drug therapy

The medication armamentarium includes [19, 110]:

) non-selective and selective cyclooxygenase (COX) inhibitors (NSAIDs)
) analgesics
) disease modifying antirheumatic drugs (e.g., sulfasalazine)
) corticosteroids
) TNF- [ inhibitors

In a “rank order,” NSAIDs represent the first choice of medication and are given
continuously or during the onset of disease. However, the individual response
depends on the agent and often several different medications have to be tested.

NSAIDs are the first choice

for treatment

When continuously applied, patients with NSAIDs show reduced pain and
increased activity in daily life [13, 15, 71]. Also one study with NSAIDs as a ther-
apy for AS led to the inhibition of radiographic progression [102]. Typical side
effects of non-selective NSAIDs are gastrointestinal ulcera and bleeding, whereas
COX-2 selective inhibitors show cardiovascular complications. When NSAIDs
fail, disease-modifying antirheumatic drugs (DMARDs), i.e., sulfasalazine or
methotrexate, can be used as an alternative. Sulfasalazine is used against periph-
eral joint pain. There is no objective evidence that treatment with DMARDs is
effective for AS [13]. When inflammation cannot be controlled by the aforemen-
tioned drug therapy, inhibitors of TNF-� are indicated (e.g., infliximab, adalimu-
mab and etanercept). These monoclonal antibodies show a significant improve-
ment in function, spinal mobility and quality of life in comparison to placebo [13,
15, 71]. In addition, a significant regression of spinal inflammation can be dem-
onstrated [16]. The hope is that with suppression of spinal inflammation struc-

TNF- [ inhibitors are potent

and effective pharmacologi-

cal agents but are not

without serious side effects

tural damage of bony structure can be delayed. The clinical outcome is slightly
worse when these medicinal drugs are used for the treatment of chronic AS com-
pared to acute AS [15, 71]. Therefore, an early diagnosis is essential. However,
severe side effects have been reported with the use of TNF- [ inhibitors, e.g., leu-
kopenia, allergic pulmonal reactions and reactivation of tuberculosis disease
[13].
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Physiotherapy

Physiotherapy is an essential

part of treatment

Besides medical treatment physiotherapy plays an important role [31, 32, 101].
Main goals are pain reduction, prevention of hypomobility of the affected seg-
ments and improvement of activity of daily life [32]. Continuous physiotherapy
should take place and the patient should perform a daily home exercise program.
A high level of motivation and compliance by the patient could substantially
improve outcome. The primary goal of the physiotherapy is postural exercises
which should preserve the natural spinal alignment during the process of ankylo-
sis. Study results showed that supervised group physiotherapy programs were
better than individualized home exercise regimes and individualized home exer-
cises were better than no physiotherapy [31].

Patient Education

Patient education

is a very important

treatment component

Patient education is a very important component with the ability to support all
the therapeutic measures applied to patients suffering from ankylosing spondyli-
tis. In most developed countries efficient self-help organizations have been
established aiming for a better information policy, awareness of ankylosing
spondylitis in the public as well as supporting the affected individual. Self-help
organizations are key to an integrated therapeutic approach by medical doctors,
physiotherapists, patients and their families. Through the excellent cooperation
of medical doctors, physiotherapists, patients and their relatives, the incidence of
neglected, untreated and therefore upsetting chronic cases is very low in Switzer-
land.

Treatment Recommendations

A combined ASsessment in Ankylosing Spondylitis (ASAS) working group and
European League Against Rheumatism (EULAR) task force has postulated a
flowchart and ten main recommendations for the management of AS (Fig. 2,
Table 5).

Figure 2. Treatment recommendations

ASAS/EULAR flowchart summary (modified) of the recommended management of AS based on clinical expertise and
research evidence [110].

Ankylosing Spondylitis Chapter 38 1069



Table 5. Expert propositions on treatment

) Treatment of AS should be tailored according to:
current manifestations of the disease (axial, peripheral, entheseal, extra-articular symptoms and signs)
level of current symptoms, clinical findings, and prognostic indicators
disease activity/inflammation
pain
function, disability, handicap
structural damage, hip involvement, spinal deformities
general clinical status (age, sex, comorbidity, concomitant drugs)
wishes and expectations of the patient

) Disease monitoring of patients with AS should include: patient history (for example, questionnaires), clinical parame-
ters, laboratory tests, and imaging, all according to the clinical presentation, as well as the ASAS core set. The fre-
quency of monitoring should be decided on an individual basis depending on symptoms, severity, and drug treatment

) Optimal management of AS requires a combination of non-pharmacological and pharmacological treatments

) Non-pharmacological treatment of AS should include patient education and regular exercise. Individual and group
physical therapy should be considered. Patient associations and self-help groups may be useful

) NSAIDs are recommended as first line drug treatment for patients with AS with pain and stiffness. In those with
increased GI risk, non-selective NSAIDs plus a gastroprotective agent, or a selective COX-2 inhibitor, could be used

) Analgesics, such as paracetamol and opioids, might be considered for pain control in patients in whom NSAIDs are
insufficient, contraindicated, and/or poorly tolerated

) Corticosteroid injections directed to the local site of musculoskeletal inflammation may be considered. The use of sys-
temic corticosteroids for axial disease is not supported by evidence

) There is no evidence for the efficacy of DMARDs, including sulfasalazine and methotrexate, for the treatment of axial
disease. Sulfasalazine may be considered in patients with peripheral arthritis

) Anti-TNF treatment should be given to patients with persistently high disease activity despite conventional treatments
according to the ASAS recommendations. There is no evidence to support the obligatory use of DMARDs before, or
concomitant with, anti-TNF treatment in patients with axial disease

) Total hip arthroplasty should be considered in patients with refractory pain or disability and radiographic evidence of
structural damage, independent of age. Spinal surgery – for example, corrective osteotomy and stabilization proce-
dures – may be of value in selected patients

ASAS/EULAR expert propositions on the management of AS developed through three Delphi rounds [110]

Operative Treatment

General Principles

Indications for surgery

are rare in patients under

rheumatologists’

surveillance

Surgical intervention is rarely necessary in cases with AS when the patient is under
medical surveillance with a baseline therapy and physical exercises. However, in
some cases the inflammatory process cannot be controlled very well and spinal
deformities develop [21, 22]. Indications for surgery are strong limitations in daily
life due to progressive kyphotic deformity and unacceptably severe chronic pain
non-responsive to conservative management. The usual age at surgery is in the late
30s and 40s [28, 29, 108]. Patients with AS are prone to developing spinal fractures
[34, 40, 77] and discitis [61]. In these cases, surgery is indicated (Table 6):

Table 6. Indications for surgery

Absolute Relative

) unstable spinal fractures ) painful sagittal imbalance
) kyphosis-related progressive myelopathy ) loss of horizontal gaze
) progressive spondylodiscitis ) chin-chest impingement

) stable spinal fractures with delayed fracture healing
) segmental instability

Conservative treatment

of spinal fractures

is often unsuccessful

In cases of spinal fractures, conservative treatment is often hampered by the con-
comitant sagittal imbalance leading to a high non-union rate and progressive
deformity. Although there is a general trend for good bone healing in patients
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with AS, there are individuals with very active disease in whom this is not the
Cauda equina syndrome

is a rare complication

case. A rare side effect of a massive kyphotic deformation of the whole spinal col-
umn is cauda equina syndrome. This syndrome develops only after a long his-
tory of ankylosing spondylitis. Clinical symptoms are slowly progressive with
sphincter disturbance and impotence. The pathogenesis is unclear. However, it is
hypothesized that arachnoiditis can affect adherence of individual nerve roots to
the arachnoidal surface. MRI showed florid, multilocular dural ectasia, marked
irregularity and thickening of nerves, and adherence to the dural diverticula [30,
85]. Therapy consisted of a lumboperitoneal shunt, which is effective [51].

Planning of Osteotomies

Meticulous preoperative

planning is mandatory

to avoid over- or undercor-

rections which cannot

be compensated

The ultimate goal of surgery is to rebalance the spine and correct the chin-brow
to vertical angle (CBVA) [92] to an extent that the patient is again able to look
straight ahead, or to resolve a chin-chest impingement (in case of severe cervico-
thoracic kyphosis. It is very important to plan precisely the level and extent of the
osteotomies because the spine usually cannot compensate for any resulting over-
or undercorrections. It is also important to assess the mobility of the hip and
knee joint and to consider the mobility of these joints in the planning for surgery.
The planning can be done using:

) lateral standing whole spine radiographs
) lateral photography [72]

Using the whole spine lateral radiograph, the vertebral bodies are traced out on
transparent paper. The paper is cut with scissors at the level of the target osteo-

a b

cFigure 3. Planning of lumbar osteotomy

Graphic planning: a Transparent paper is placed over the whole spine standing lateral radiograph. The spine is traced
out and the gravity line from C2 is added. The target level of the osteotomy is identified (red area). The paper is cut along
the superior border of the osteotomy. b The upper part of the paper is rotated until the gravity line falls in front of the
sacrum (or through the hip joints if depicted on the radiograph). The resulting angle κ is the target correction angle. The
dens should be vertically oriented at the end of the planning. Photographic planning: c A horizontal line is drawn at the
level of the umbilicus and graphically separated into three parts. A vertical line is drawn intersecting the horizontal line
between the posterior and middle thirds. The intersection point of the two lines is connected to the meatus externus of
the ear and the lateral femur condyle, respectively. The sum of the resulting angles [ and q responds to the whole body
kyphosis angle (WBKA) and is the target angle for correction. The chin-brow to vertical angle (CBVA) should be assessed
and taken into account to avoid overcorrection.
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tomy, which usually lies at L2 or L3 for lumbar subtraction osteotomies. The
rotating hinge lies in the anterior vertebral cortex. The upper part of the drawing
is then adjusted until sagittal balance is achieved. The required correction angle
can then be measured as a result of the resulting overlap on the sketch (Fig. 3a, b).
The maximum angle which can be achieved at one level is about 40 degrees [63,
72, 100]. Spinal corrections demanding more than 40 degrees of correction
should rather be treated with a second osteotomy, which may be performed at the
thoracic or lumbar level.

In cases of severe sagittal imbalance, radiographs cannot depict the whole
spine on one film. In these cases, planning using lateral photography can be done
as described by Min et al. [72] (Fig. 3c).

Potential problems related

to patient positioning

and intubation/ventilation

must be considered

Another important aspect is the perioperative anesthesia. Patient positioning
and intubation often are very difficult due to kyphotic deformation. The surgeon
must take these issues into account prior to surgery. Furthermore, the vital
capacity can be reduced because of a kyphosis-related restricted pulmonary dis-
ease. A preoperative lung function test is recommended. With the advent of
intraoperative neuromonitoring, surgery using local anesthesia and sedation is
outdated. Neuromonitoring is nowadays regarded as indispensable for a safe
deformity correction (see Chapter 12 ).

Surgical Techniques

The first corrective osteotomy of AS was described by Smith-Peterson in 1945
[90]. This surgical procedure in the thoracolumbar spine consisted of a mono-
segmental V-shaped opening wedge osteotomy during local anesthesia. Only
later was this operation technique combined with internal stabilization, which
was not available in the 1940s. Due to the relatively high rate of postoperative
complications, new operation techniques such as the polysegmental posterior
wedge osteotomy or the closing wedge (pedicle subtraction) osteotomy were
introduced [11, 47, 74, 100]. Today, the monosegmental [28, 33, 63, 74] or poly-
segmental closing-wedge technique [45, 98] is preferred for the thoracolumbar
region.

Thoracolumbar Closing Wedge Osteotomy

The most common

technique is a closing

wedge osteotomy

The most common technique is the closing wedge osteotomy [50, 63]. In 1963,
Scudese introduced this new technique with the aim of reducing perioperative
and postoperative complications seen with the opening wedge osteotomy [86].
The underlying concept is to achieve a monosegmental extension while keeping
the anterior longitudinal ligament intact. The procedure is usually carried out at
the L3 or L2 level depending on the sagittal alignment.

Corrections of more than

40 degrees at one level

should be avoided

The closing wedge technique consists of removal of the posterior elements
including the pedicles (pedicle subtraction osteotomy) (Fig. 4, Case Introduc-

tion). This technique is often combined with a so-called eggshell procedure (i.e.,
decancellation of the vertebral body) [11, 33, 74]. A posterior wedge excision of
the vertebral body is then performed under protection of the spinal cord. The
closing wedge osteotomy can be applied to one or two lumbar vertebrae depend-
ing on the desired amount of correction. However, corrections of more than
40 degrees at one level should be avoided. In general, the outcome of closing
wedge osteotomies (Table 7) is satisfactory [14, 45, 88]. However, function can
only moderately be enhanced [45].
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Figure 4. Lumbar pedicle subtraction osteomy (closing wedge)

a The osteotomy starts by instrumenting the spine with pedicle screws three levels above and below the osteotomy to
allow for a rigid stabilization of the osteotomized spine. b The posterior elements (i.e., spinous, transverse laminae, and
articular processes) are removed until only the pedicle stumps at the transition to the posterior wall of the vertebral body
are left. The cancellous part of the vertebral body is then resected with curettes in the form of an “eggshell” procedure.
c The remaining posterior bridge between the two wholes of the pedicle stumps is then resected by a large Kerrison ron-
geur. d The created wedge is then closed using a motorized operation table lordosing the whole patient. Posterior rods
are applied further compressing the wedge resulting in a tension band osteosynthesis. A posterolateral fusion is added
across the osteotomized level.

Multisegmental Posterior Wedge Osteotomy

MPWO predominately

addresses segmental

thoracic kyphosis

Main goal of the multisegmental V-shaped posterior wedge osteotomy (MPWO)
is to address a thoracic kyphosis where extensive closing wedge osteotomies
would jeopardize the spinal cord. This type of osteotomy results in a more har-
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Figure 5. Multisegmental posterior wedge osteotomy

This technique creates lordosis and is usually applied to one or multiple levels. a The spine is instrumented with pedicle
screws two levels above and below the planned osteotomies. b The interspinous ligament and the adjoining spinous
process are resected with a rongeur. The yellow ligament is removed and v-shaped bilateral osteotomies are carried out
through the isthmus. c These osteotomies are directed laterocranially at an angle of 30 – 40 degrees. The desired slot
width of 5 – 7 mm is obtained by using appropriate rongeurs. If there is a scoliotic deformity, the osteotomies are made
slightly larger on the convex side. d The rods are applied first cranially. The osteotomy gaps are closed by stepwise seg-
mental compression and connection to the rods. A posterior spinal fusion is added. With one single osteotomy approxi-
mately 10 degrees of correction can be achieved.
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Osteotomies can be per-

formed at four to six levels

monic bending of the spine. In contrast to a closing wedge osteotomy, the MPWO
removes the posterior elements of a thoracic and/or lumbar level without the
need for a wedge excision of the vertebral body (Fig. 5). Osteotomies can be per-
formed at four to six thoracic or lumbar levels depending on the extent and loca-
tion of the spinal deformity [47, 98]. With one singular osteotomy approximately
10 degrees of correction can be achieved [98]. The results of this technique are
satisfying [47] (Table 7).

Cervical Wedge Osteotomy

Cervical closing wedge

osteotomy corrects severe

cervicothoracic kyphosis

A fixed cervicothoracic kyphotic deformity is rare (Case Study 1). However, this
deformity can cause a significant morbidity because of an impingement of the
chin with the chest, making eating and drinking difficult. Furthermore, patients
lose their horizontal gaze. A cervical corrective osteotomy was first described by
Urist in 1958 [95]. The opening wedge osteotomy was originally carried out at the
level of C7/T1 during local anesthesia. The osteotomy level is chosen at the cervi-
cothoracic junction because the vertebral artery only enters the spine at the level
of C6. With the advent of neuromonitoring, these interventions can today be per-
formed with the patient under general anesthesia and with less stress for the
patient. The disadvantage of the opening wedge osteotomy is the resulting ante-
rior gap with potential instability and need for an additional anterior fusion
(Case Study 1). The correction of kyphosis can be balanced up to the level of lor-
dosis and corrections have been reported up to 54° [70]. Webb advocates a clos-
ing wedge osteotomy because of a better stability without the need for an uncon-
trolled cracking of the spine to achieve the correction [104] (Fig. 6). Method of
choice is a closing wedge osteotomy with or without an anterior interbody fusion
depending on the fusion status of the anterior column. Case reports of chin on
chest deformities so far show excellent resolution of the deformity and solid
fusion [73]. Retrospective studies show that cervical spine surgery in AS appears
to have a fairly good clinical outcome [56] (Table 7). However, this osteotomy is
very demanding and carries a high risk of neurological injuries [60, 70].

Treatment for Fracture and Spondylodiscitis

Fractures are most common

at thoracic level and

unstable

Fractures in AS patients are most commonly localized at the thoracic spine and
are very often unstable because they involve the anterior and posterior column
[10, 34, 77, 84, 109]. In contrast to a healthy individual, AS patients sustain frac-
tures more easily from minor trauma and experience fatigue fractures. These
fractures often remain occult (see above) as clinical symptoms are masked by
chronic pain. Not infrequently, the spine spontaneously corrects its kyphotic
deformity within the fracture (Case Study 2). Thirty to 75% of cases are associ-
ated with severe neurological deficits [10, 34, 42, 77].

Instrumentation should be

long rather than short in AS

The general concepts of treatment also apply (see Chapters 30 , 31 , 36 ) for
spinal injuries in AS and aseptic spondylodiscitis (Andersson lesions). In con-
trast to common fractures and spondylodiscitis, however, the stabilization
should be long rather than short because of the risk of a secondary kyphotic
deformity, implant failure and non-union. The degree of instability in AS deter-
mines the use of long instrumentation over a minimum of two vertebral bodies
above and below the lesion [59]. Laminectomy is indicated when defective posi-
tions or bony hypertrophy leads to constriction or stenosis of the spinal canal or
in the presence of epidural hematoma. Operative fracture stabilization is pre-
ferred to allow for early mobilization of the patient. However, treatment of spinal
fracture causing paralysis is difficult and controversial and is associated with
a high risk of complications [4, 10, 34, 42, 77, 78, 109]. Surgical management

Ankylosing Spondylitis Chapter 38 1075



a b

c

d

e f g

Case Study 1

A 58-year-old male was diagnosed
with ankylosing spondylitis, which
had been present for over 20 years.
The patient was severely handi-
capped by his inability to look
straight ahead (a). The standing lat-
eral radiograph demonstrated a sag-
ittal well balanced spine with the
deformity located at the cervicotho-
racic junction (b, c). A cervical open-
ing wedge osteotomy at C7 was
done (d). The spine was stabilized
with facet joint screws at C4 and C5
and pedicle screw fixation at T1 (e).
In a second stage, an anterior inter-
corporal fusion and plate/screw fixa-
tion was added to close the gap and
additionally stabilize the spine (f ).
Postoperative photograph (g) shows
an excellent correction of the posi-
tion of the head.
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Figure 6. Cervical closing wedge osteotomy

For this osteotomy the patient is positioned prone within a Mayfield headrest. Sensorimotor potentials should be
obtained prior to surgery as a baseline measurement. a The spine is exposed from C4 to T3. Pedicle screws are inserted
three levels above and below the osteotomy. In the cervical spine, facet joint screws can be used as an alternative to pedi-
cle screws because of a lower risk of neurovascular injuries. The lamina of C7 and the hemilaminae of C6 and T1 are
resected. Care has to be taken to completely liberate the nerve roots C6 – 8. b The articular processes of C7 are
completely removed including the C7 pedicles. The vertebral body of C7 is decancellated with curettes and the posterior
wall osteomized with a Kerrison rongeur. c Both rods are inserted and locked in the cervical screws. d The Mayfield head-
rest is loosened by an assistant who continues to manually hold the head during the correction. The rods are slowly
levered to the thoracic screws and locked. Great care has to be taken that the head extension does not result in a com-
promise of the nerve roots. A posterior spinal fusion completes the operation.

Treatment of fracture

causing paralysis is

associated with a high risk

of complications

of fractures or lesions in AS should be done in specialized interdisciplinary
clinics. The reasons are the high rate of complications (e.g., neurological fail-
ure, loss of fixation, wound infections, respiratory failure) and mortality post-
operatively.
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Case Study 2

a A 59-year-old male who had suffered from ankylosing spondylitis for three
decades was well adapted to his disease. He sustained a fall on the stairs and
complained of weakness in his legs. At hospital admission the patient had a
mild paraparesis sub-L1 with decreased sensation and mild weakness in both
legs (MRC Grade 4). CT reformatted image (b) shows a luxation fracture at L1
with significant posterior angulation of the spine. T1 and T2W MRI scans (c, d)
demonstrate the luxation fracture and significant canal enchroachment. The
previously ankylosed kyphotic spine corrected at the level of the fracture. After
decompression of the spinal canal, the patient was instrumented with a pedicle
screw system in the corrected position. Fusion was added at the site of the frac-
ture (e). At one year follow-up visit, the patient had completely recovered and
was very satisfied with the correction of the trunk position, which had bothered
him for many years prior to his fracture (f ).
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Table 7. Surgical results of correction osteotomies

Author Cases Localiza-
tion

Design Technique Complications/outcome Conclusions

Langeloo
et al.
(2006) [60]

16 cervical retro-
spective

C7 correction
osteotomy (OT)
with internal fixa-
tion from C2–C6
to T1–T6

9 transient paresthesia
1 irreversible neurological

complication
2 deep wound infection
2 major general complica-

tion

C7 correction osteotomy is
a reliable technique. At the
cervical level neuromonito-
ring (TES-MEP) is manda-
tory

McMaster
et al.
(1997) [70]

15 cervical retro-
spective

C7/T1 extension
OT with (n= 3)
and without
(n= 12) internal
fixation

2 transient paresthesia
2 irreversible neurological

complication
1 deep wound infection
4 subluxation
1 major general complica-

tion

cervical osteotomies are dif-
ficult techniques. Subluxa-
tion at the osteotomy site is
associated with non-union

Willems et
al. (2005)
[108]

105 cervical-
thoracic
and lumbar

retro-
spective

cervical-thoracic
OT (n= 22),
lumbar closing-
wedge OT (n= 62),
polysegmental
lumbar OT
(n= 20), anterior-
posterior
lumbar OT (n=11)

8 transient paresthesia
9 irreversible neurological

complication
11 deep wound infection
12 major general complica-

tion

correction osteotomies in
AS show high complication
rates. Reasons are a difficult
surgery and a complex dis-
ease. AS surgery should be
carried out in specialized
interdisciplinary centers

Danisa
et al.
(2000) [33]

11 thoracic
and thora-
columbar

retro-
spective

“eggshell” osteo-
tomy

5 transient paresthesia
0 irreversible neurological

complication
0 deep wound infection
1 major general complica-

tion

an “eggshell” osteotomy
shows lower complication
rates than with open wedge
osteotomies. Main goal of
this procedure is to restore
sagittal balance

Van Royen
et al.
(1998) [98]

21 thoracic
and thora-
columbar

retro-
spective

polysegmental
lumbar OT

4 transient paresthesia
0 irreversible neurological

complication
7 deep wound infection
2 major general complica-

tion

polysegmental lumbar oste-
otomies are associated with
high complication rates.
Only in the mild phase of
AS should a polysegmental
lumbar osteotomy be used

Hehne et
al. (1990)
[47]

177 thoracic
and thora-
columbar

retro-
spective

polysegmental
lumbar OT

19 transient paresthesia
4 irreversible neurological

complication
6 deep wound infection
4 major general complica-

tion

the technique results in a
harmonious spinal correc-
tion. And reduces the
potential of severe compli-
cations. Most patients are
pain free after polysegmen-
tal lumbar OT

Bradford
et al.
(1987) [14]

21 thoracic
and thora-
columbar

retro-
spective

open wedge OT
(n= 8), two stage
osteotomy (ante-
rior and posterior)
(n= 8)

2 transient paresthesia
0 irreversible neurological

complication
0 deep wound infection
0 major general complica-

tion

a neurological monitoring
with a wake-up test is nec-
essary. A correction of sagit-
tal balance seems to be
associated with decreased
risk of loss of correction

Lazennec
et al.
(1997) [63]

31 lumbar retro-
spective

open wedge OT
(n= 19) vs. close
wedge OT (n= 12)

4 transient paresthesia
2 irreversible neurological

complication
3 reoperations (non-

union)
vs.
3 transient paresthesia
0 irreversible neurological

complication
1 reoperation (non-union)

the level of lumbar osteo-
tomy is very important,
because sagittal translation
is a basic mechanism for
correcting sagittal imbal-
ance
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Complications

Surgical interventions for AS most often represent major surgery and are techni-
cally demanding. Not infrequently patients exhibit malnutrition and are prone to
infections. The morbidity and mortality rate can be decreased by careful surgical
planning, new operating techniques, new implants and improved intensive care
[26, 28, 29, 47, 60, 63, 72, 82, 86, 92, 100]. Complications after ankylosing surgery
include [28, 60, 98, 100, 108]:

) transient paresthesia (0–45%)
) postoperative infections (0–33%)
) implant failure (2–33%)
) loss of correction (5–40°)
) irreversible neurological deterioration (0–10%)
) major general complications (0–10%)
) non-unions (<5%)

Surgery for AS is prone

to complications

These interventions are related to a long operative time, high loss of blood and a
high rate of peri- and postoperative complications. Therefore, indications need
to be discussed on an individual basis and patients have to be consulted exten-
sively.

Recapitulation

Epidemiology. Ankylosing spondylitis (AS) is a sys-
temic seronegative inflammatory rheumatic disor-
der belonging to the group of spondyloarthritis.
AS is associated with sacroiliitis and inflammatory

alteration at the axial skeleton. The male:female ra-
tio is about 2 – 7:1. Prevalence estimates vary be-
tween 0.2 and 1.2/100 000. The peak age of onset is
15 – 35 years. The diagnosis is delayed by up to
10 years, because of its insidious nature.

Pathogenesis. The pathogenesis is still unclear.
There is increasing evidence that AS is genetically

determined. AS has a strong association with HLA-
B27 and 90 % of all patients are HLA-B27 positive.
However, 80 – 90 % of allHLA-B27 carriers do not de-
velop AS. It is therefore widely assumed that addi-
tional genetic factors are involved. An infection-
triggered onset has recently been added to the ex-
isting hypothesis. This concept involves a preced-
ing bacterial infection with subsequent autoim-
mune responses. The pathological changes of the
vertebral column due to AS occur in three consecu-
tive stages: inflammation, proliferation and anky-

losis.

Clinical presentation. Patient complaints are non-
specific and difficult to distinguish from general
chronic back pain. Cardinal symptoms are inflam-

matory back pain, typical arthritis pain (pain at

night and stiffness in the morning), progressive

spinal stiffness and the inability to look straight
ahead. Additional symptoms are enthesis, uveitis,
pulmonary, cardial and bowel inflammation as well
as reduced chest expansion.

Diagnostic work-up. Early diagnosis of AS can be
difficult due to unspecific symptoms and diagnos-
tic findings of the spinal column. In the case of sus-
picion of AS, the diagnosis should be enforced. The
diagnostic work-up includes a thorough clinical ex-
amination, laboratory investigations (infection pa-
rameter, HLA-B27) and imaging studies. The goal is
to detect AS in the early disease so as to commence
therapy in good time. In the early disease stage,
MRI is the state-of-the-art diagnostic tool. Charac-
teristic findings on MRI suggestive of AS are discitis,
erosions with zones of subchondral sclerosis with-
out increased signal after use of a contrast agent,
periarticular fat accumulation and syndesmophy-

tes. Alternatively, a bone scan can be of further di-
agnostic use. Radiographs and computed tomog-

raphy are suitable tools for monitoring chronic in-
flammatory progression. Furthermore the CT can
be utilized for preoperative planning. Following a
trauma and suspicion of lesion or fracture radio-
graphs, CT and MRI of the whole spine should be
performed.
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Non-operative treatment. The non-operative phar-
macological therapy is the mainstay of care in con-
junction with physical exercises. Goal of the treat-
ment is the reduction of clinical symptoms, inflamma-
tion and delay of disease. The pharmacological ther-
apy includes non-selective and selective cyclooxyge-
nase (COX) inhibitors (NSAIDs), analgesics, disease
modifying antirheumatic drugs (e.g. sulfasalazine,
methotrexate) and TNF- [ inhibitors. Physiotherapy
and patient education are in parallel to medical treat-
ment cornerstones of AS therapy.

Operative treatment. Surgery is of value when con-
servative therapy fails, i.e., in the case of massive
kyphotic deformity or severe pain. Absolute indica-

tions for surgery are unstable spinal fractures, kypho-
sis-related progressive myelopathy and progressive

spondylodiscitis. Surgical correction in AS patients is
prone to a high peri- and postoperative complication
rate (such as neurological deficits, deep wound infec-
tions, failure of implants). However, the morbidity
and mortality rate can be decreased by careful surgi-

cal planning, new operating techniques, new im-
plants and improved intensive care. An important
aspect is the perioperative anesthesia. Patient posi-

tioning and intubation are often very difficult due to
kyphotic deformation. Intraoperative neuromonito-
ring is nowadays regarded as indispensable for a safe
deformity correction.
The ultimate goal of surgical techniques of osteo-

tomies is to rebalance the spine and correct the
chin-brow angle to an extent that the patient is
again able to look straight ahead. The most com-
mon technique is a closing wedge osteotomy in
the lumbar spine. The underlying concept is to
achieve a monosegmental extension while keeping
the anterior longitudinal ligament intact. The aim
of multisegmental posterior wedge osteotomy is
to address deformities predominantly located in
the thoracic spine and to allow for a harmonic
bending of the spine. Four to six thoracic or lumbar
levels can osteotomized depending on the extent
and location of the spinal deformity.
Corrections at the level of the cervical spine are
performed at the C7/T1 level. The procedure of
choice is a closing or opening wedge osteotomy in
combination with an instrumented fusion. Cervical
spine surgery in AS appears to have a fairly good
clinical outcome, although it is a very demanding
operational procedure with a potentially high risk
of neurological injuries.
Fractures in AS patients can already appear after
minimal trauma and are often overlooked. Most
often, fractures appear in the thoracic spine and are
frequently unstable because they involve the ante-
rior and posterior spinal column. In 30 – 75 % of cases
there is an association of severe neurological deficits.
In contrast to common fractures, however, the stabili-
zation should be long rather than short because of
the risk of a secondary kyphotic deformity.

Key Articles

van Royen BJ (1995) Closing-wedge posterior osteotomy for ankylosing spondylitis.
Partial corpectomy and transpedicular fixation in 22 cases. J Bone Joint Surg Br 77:
117–121
This retrospective study with closing wedge osteotomy at lumbar level L4 shows that this
surgical procedure is effective in addressing the kyphotic deformity.

Murrey DB (2002) Transpedicular decompression and pedicle subtraction osteotomy
(eggshell procedure): a retrospective review of 59 patients. Spine 27(21):2338–45
The eggshell procedure was described and analyzed retrospectively in 59 patients with
deformity (n=37) and tumor or infection (n=22). This surgical procedure is safe and
predictable for complex spine deformities.

Hehne HJ (1990) Polysegmental lumbar osteotomies and transpedicled fixation for cor-
rection of long-curved kyphotic deformities in ankylosing spondylitis. Report on 177
cases. Clin Orthop Relat Res 258:49–55
This is a retrospective study with a high number of polysegmental lumbar osteotomies in
patients with AS. The authors describe surgery procedure, correction of spine postopera-
tively up to 18 months follow-up and associated complications.

Urist MR (1958) Osteotomy of the cervical spine; report of a case of ankylosing rheuma-
toid spondylitis. J Bone Joint Surg Am 40A:833–43
Classic article on the cervical opening wedge osteotomy for AS.
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Smith-Petersen M, Larson C, Aufranc O (1945) Osteotomy of the spine for correction of
flexion deformity in rheumatoid arthritis. J Bone Joint Surg Br 27:1–11
Classic article on an opening wedge osteotomy in the thoracolumbar spine and V-shaped
thoracic osteotomies for AS.
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Treatment of Postoperative
Complications

Martin Krismer, Norbert Boos

Core Messages

✔ The best treatment for complications is their
avoidance by careful preoperative planning

✔ Neurological complications are no more fre-
quent in spinal than in musculoskeletal surgery

✔ Check risk factors for complications such as
intraspinal pathology, previous surgery, aller-
gies, medications and malnutrition

✔ Use standardized postoperative protocols to
monitor the patient with regard to neurological
and cardiopulmonary function as well as vascu-
lar status (pulse oximetry)

✔ Try to stop bleeding from small lacerations of
large veins by pressure and hemostatic agents

✔ Cover lacerations of the lungs with synthetic
material

✔ Chylothorax is initially treated by parenteral
nutrition

✔ Hypoliquorrhea syndrome usually occurs with
tiny dural defects and not with large lacerations

Frequency of Complications

The rate of complications with spinal procedures is dependent on the type of sur-
gery, the spinal pathology, the experience of the surgeon and confounding factors
such as age and comorbidities. These factors have to be taken into account in the
discussion of complications.

Cervical Spine Surgery

Postoperative deterioration

must be anticipated in cases

of preexisting myelopathy

In 450 cases of anterior cervical discectomy, worsening of the preexisting cervi-
cal myelopathy occurred in 3.3% and infection in 1.6%. Additional radiculopa-
thy occurred in 1.6%, recurrent nerve palsy in 1.3%, and Horner’s syndrome in
1.1%. An epidural hematoma was seen in 0.9%. Furthermore, single cases of
pharyngeal lesion, meningitis due to a dural leak, and an epidural abscess were
found [9]. In decompression for ossification of the posterior longitudinal liga-
ment the neurological complication rate was 3.6% [85]. In anterior fusion in 488
patients, a dural tear occurred in 0.2%, dysphagia in 1.4%, a fractured vertebra
in 0.2%, and vocal paresis in 0.8% [48]. In a report on 185 corpectomies, the ver-
tebral artery was injured in four patients [31].
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Case Introduction

A 38-year-old male underwent lumbar discectomy at the level of L5/S1 for a left-sided radiculopathy with a sensory and
motor (MRC Grade IV) deficit of the S1 nerve root. The microsurgical procedure was completed uneventfully. The patient
reported immediately after surgery a substantial pain relief and improvement of the muscle force for plantar flexion of
the left foot. At discharge, the patient felt well and was almost pain free. At 2 weeks postoperatively the patient consulted
his family practitioner because of intermittent headache. The patient was treated symptomatically with NSAIDs. The
symptoms increased and the patient again developed some minor leg pain for which he was referred again. On presen-
tation, the patient complained of position-dependent headache which got worse after 15 – 20 min in the upright posi-
tion. An MRI scan demonstrated a fluid collection at the level of surgery (a, b, d). A contrast-enhanced MR scan allowed
the exclusion of a recurrent herniation (d). A hypoliquorrhea syndrome was suspected and the patient was reviewed.
Intraoperatively, a medium size (5 cm) arachnoidal cyst was discovered which was opened. At the base of the cyst, a tiny
dura lesion was discovered under the lamina of S1. It was assumed that the lesion only injured the dura but left the arach-
noidea intact. This injury was obviously unnoticed intraoperatively because no CSF leak occurred. The cyst was resected.
The dura lesion was sutured with 5-0 Prolene and covered with Dura-Gen and fibrin clue. The patient completely recov-
ered and was symptom free at 2 months follow-up. This case demonstrates that a hypoliquorrhea syndrome is most
often observed not with large but with a tiny dura lesion which forms a valve mechanism. We recommend repairing all
iatrogenic arachnoidal cysts when noticed intraoperatively to avoid this complication.
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Anterior Spine Surgery

Serious complications

are rare

In anterior approaches to the adult thoracic or lumbar spine, serious complica-
tions are relatively rare. In two large studies (n=1223 [33], n=447 [77]), the
major complications were:

) death: 0.3%, 0.4%
) paraplegia: 0.2%, 0.4%
) deep wound infection: 0.6%, 1.1%

In a report on 205 disc prostheses enrolled in a prospective FDA study [11], the
major complications were:

) death: 0.5% (anesthesia related)
) neurological deficit: 0%
) deep wound infection: 0% (superficial 6.3%)

The overall complication rate for idiopathic scoliosis was 5.2% for anterior, 5.1%
for posterior, and 10.2% for combined anterior and posterior procedures
according to a study by the Scoliosis Research Society [21] based on 6334 cases
submitted to the study in the years 2001, 2002, and 2003 (Table 1).

Table 1. Complications in adolescent idiopathic scoliosis surgery [21]

Anterior Posterior Combined

) pulmonary 1.5 % 1.0 % 3.5 %
) wound infection 0.2 % 1.3 % 1.4 %
) non-fatal hemorrhagic 0.3 % 0.1 % 0.3 %
) implant related 1.4 % 0.6 % 1.0 %
) neurological 0.3 % 0.2 % 0.1 %
) dural tear 0.3 % 0.2 % 0.1 %
) deep venous thrombosis 0.0 % 0.1 % 0.0 %

In a French deformity surgery cohort, 90% scoliosis, 10% kyphosis (n=3311),
the overall complication rate was 21.3%. Infection occurred in 4.7% and neuro-
logical complications in 1.8% [43].

Disc Herniation and Spinal Stenosis

Several papers reported on complications in surgery for disc herniation [62], or
posterior procedures, where decompression of disc herniation or of spinal steno-
sis contributed to 84% of the cases, and where fractures, infections and malig-
nant lesions were excluded [26]. In 27576 and 18122 operations death occurred
in 0.5% (within 30 days) and 0.07%, respectively. Mortality depended strongly

Perioperative mortality

depends on age and

comorbidities

on age, being 0% up to the age of 40 years, and 0.6% at the age of 75 years and
over [26]. Most deaths occur in elderly patients due to:

) cardiac infarction
) heart failure
) central nervous system complications
) septic shock

The incidence of an iatrogenic neurological deficit was cited as 1.0% for disc her-
niation and 1.8% for stenosis [85]. A dural leak occurred in 1.4%. The incidence
of a leak decreased with increasing surgical experience from 3.1% (experience
1–6 years) to 1.1% (>15 years), whereas the surgeon’s experience did not influ-
ence the rate of neurological complications.
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Lumbar Spinal Fusion

The overall early complication rate in a prospective randomized trial [38] on 211
patients was 6% in posterolateral fusion without instrumentation, 18% with
posterior instrumentation, and 31% in circumferential fusion. The complica-
tions consisted of:

) infection rate: 3.6% (5 of 140 posterior fusions)
) injury to the sympathetic trunk: 3.7%
) injury to iliac veins: 3.7%
) new nerve root pain: 7.1%

Comparison of Complications

Complications are no more

frequent than in other

musculoskeletal surgery

Spine surgery is no more prone to complications than other major orthopedic
interventions. Lethal and even neurological complications occur more often in
hip, knee and shoulder arthroplasty than in spine surgery (Table 2).

Table 2. Complications in musculoskeletal surgery

Death Neurological
lesions

Infection References

) spinal surgery 0.2 % 1.1 % 1.6 % Coe et al. (2006) [21]

) hip arthroplasty 1.0 % 1.3 % 0.2 % Mahomed et al. (2003) [73]
Schmalzried et al. (1991) [102]

) knee arthroplasty 0.6 % 1.3 % 0.4 % Katz et al. (2004)
Schnisky et al. (2001) [101]

) revision hip arthroplasty 2.6 % 3.2 % 1.0 % Mahomed et al. (2003) [73]
Schmalzried et al. (1991) [102]

) surgery for anterior glenohumeral instability – 1 – 8 % – Boardman et al. (1999) [12]

) rotator cuff repair – 1 – 2 % 1.8 % Boardman et al. (1999) [12]
Herrera et al. (2002) [54]

) shoulder arthroplasty 0.2 – 0.6 % 1 – 4 % 1.1 % Boardman et al. (1999) [12]
Farmer et al. (2006) [35]
Sperling et al. (2001) [106]

Preventive Measures

Better avoid than treat

complications

It is self-evident that it is better to avoid complications than to treat them. Com-
plications cannot be avoided completely, but the best conditions can be created to
obtain a low complication rate. This goal is achieved by:

) preoperative identification of risk factors
) patient referral to a larger center (in case of insufficient surgical experience)
) optimal patient preparation (e.g., correction of malnutrition)
) standardization of procedures
) postoperative checks to detect neurological, pulmonary, and cardiovascular

deterioration

It is quite obvious that an experienced specialist will cause fewer complications.
But to be clear, experience is what we get when complications occur which we
have to manage. The experienced surgeon and much more so the surgeon’s
patients have to pay a price for this experience. The opportunity to gain experi-
ence must be weighed against the risk. This should be kept in mind when rare
cases are selected for surgery.
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Screening of Risk Factors

A screening investigation of major risk factors (Table 3) is recommended in
order to identify the population at risk. The screening should encompass a full
medical examination.

Table 3. Risk factors for complications

Complications Risk factors

) excessive blood loss ) neuromuscular deformities (hypotonia, osteoporosis)
) neurofibromatosis (abnormal vascular anatomy)
) drugs (platelet inhibitors, anticoagulants)
) scar formations (previous surgery)
) arteriosclerosis (smoking)

) thromboembolic complications ) previous thromboembolic episodes
) malignant tumor

) paraplegia ) kyphosis
) congenital deformity
) preoperative neurological deficit
) spinal cord compression

) general complications ) malnutrition
) previous cardiac infarction or stroke
) neuromuscular diseases

Risk Factors for Vascular Complications

A detailed preoperative search for risk factors for vascular complications can
help to minimize the surgical risk. The preoperative assessment should consider:

) previous surgery (e.g., of vessels, thorax, abdomen, spine, thyroid gland)
) history of coronary heart disease, high blood pressure, diabetes mellitus,

transient ischemic attacks, thromboembolism [41, 98]
) claudication symptoms [2]
) clinical examination of pulses (leg, foot, carotid arteries)

Routine radiographs of the spine may show extensive arteriosclerosis which may
caution one to perform mobilization and retraction of vessels. It is debatable
whether Doppler sonography is routinely necessary but it is indispensable if the
patient reports a previous history of transient ischemic attacks or a murmur.

Some situations should definitely be avoided, e.g., a bleeding vertebral artery
with no information on the function of the contralateral artery, or the presence of
an abdominal scar without knowledge of the type of the previous surgery (e.g.,
vascular prosthesis). It is not clear whether information on the circle of Willis is
routinely necessary, which would require angiography (MR or conventional) in
cervical spine cases. However, in the case of a stenotic vertebral artery this may
be important information.

Cardiovascular Risk Factors

Cardiac complications are mainly myocardial infarction and heart failure.
Stroke is a rare complication. Most case reports of strokes in spinal surgery are
related to iatrogenic vertebral artery injury. In a few, carotid occlusion occurred.

After previous myocardial infarction and after stroke, elective procedures
should not be done within a period of 6 months if not imperative. For endoscopic

Elective surgery after a

myocardial infarction should

be postponed for 6 months

procedures it was shown that complications from an intervention in the first
30 days were no higher than in those patients operated on 6 months after myocar-
dial infarction [18]. No information is available with regard to major orthopedic
procedures.
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Pulmonary Risk Factors

Inability to climb more than

two floors increases the risk

of pulmonary complications

Risk factors are chronic obstructive pulmonary disease (COPD), often caused by
smoking, and restrictive lung disease especially in deformities. The ability to
climb stairs may be a good indicator, e.g., the ability to climb three floors without
interruption indicates a sufficiently good lung function. In COPD, it is important
for the patient to sit upright postoperatively. Especially in muscular dystrophy
(Duchenne’s disease), respiratory muscle training may increase preoperative
vital capacity. Nevertheless, the surgical intervention should not be delayed, and
it was recently shown that the outcome is no different in patients with a vital
capacity e 30% in comparison to those with vital capacity >30% [50].

Malnutrition as Risk Factor

Malnutrition is a frequently underestimated risk factor. It is therefore necessary
to routinely assess the nutritional status well in advance of elective major sur-
gery. The assessment of nutritional parameters should include:

) albumin
) prealbumin
) total protein
) transferrin
) absolute lymphocyte count

It was shown in prospective randomized trials [59, 69] that parenteral nutrition
after surgery can reduce postoperative infections such as pneumonia or urinary
tract infections. Malnutrition is frequently present in:

Malnutrition is a frequently

underestimated risk factor

) elderly people
) patients with neuromuscular diseases
) patients with malignant tumors
) staged operations [27]

A preoperative high protein diet may therefore be beneficial [69].

Medication

Aspirin should be stopped

10 days prior to surgery

Platelet aggregation inhibitors such as acetylsalicylate and clopidogrel can con-
siderably increase bleeding. They should be stopped 10 days before the planned
intervention, or they should be replaced directly by low molecular weight heparin
(LMWH). Non-steroid anti-inflammatory drugs (NSAIDs) may increase the
effect of anticoagulants. If high doses of NSAIDs are taken, a preoperative change
to paracetamol (in the absence of liver disease), tramadol or other opioids should
be considered, in order to reduce the bleeding risk. Hormone replacement ther-
apy in menopause and oral contraceptives both increase the risk of venous throm-
bosis. Metformin in therapy of diabetic patients may be related to a higher periop-
erative risk of lactic acidosis. Therapy should be changed 48 h prior to surgery.

Intraspinal and Nerve Root Pathology

Nerve root anomalies

are not uncommon

Conjoined nerve roots (two nerve roots in one foramen), and connecting roots
may require decompression by foraminectomy or resection of a pedicle. In a
recent study, the rate of conjoined nerve roots was found to be 5% [104]. Coronal
magnetic resonance imaging (MRI) is the best method to detect these abnormali-
ties. Intraspinal malformations and tethered cord are not a risk per se. However,
an intraspinal abnormality seen on MRI in combination with either an abnormal

1092 Section Complications



neurological examination and/or abnormal evoked potentials at preoperative
baseline spinal cord monitoring indicates a spinal cord at risk [72]. The most
important pathological findings indicating unsuspected neurological disorders
are asymmetric abdominal reflexes.

Always search for absent

abdominal reflexes

The prevalence of tethered cord in a Turkish study on 5499 schoolchildren
was 0.1% in all children, and 1.4% in enuretic children [4]. In juvenile scoliosis
[29] and in cases of hemivertebrae [6], more than 20% of patients showed spinal
cord abnormalities on MRI such as Arnold-Chiari malformation, syringomyelia,
diastematomyelia, or a low conus. Enuresis, gait disturbances, dermatologic
signs of dysraphism, spina bifida on plain X-rays, and congenital deformities are
frequently associated with tethered cord and cord malformations. MRI is recom-
mended in these cases, and also in left thoracic idiopathic scoliosis.

Preoperative Planning

The operative strategy has to be clearly defined before the intervention, and is
based on imaging. Surprising findings concerning the extent of a tumor, con-
joined nerve roots, or vessels entrapped in a scar can be ruled out or can be con-
firmed in advance. Especially in deformities the direction of pedicle screws can
be determined in advance with the help of a CT scan, if navigation is not avail-
able. The fusion level must be determined in advance. In this context, the land-
marks to determine the correct fusion levels should be assessed, e.g.:

Anatomic structures

are not reliable enough to

determine the correct level

) Are there only 11 ribs?
) Is the C6 transverse process also prominent?
) Are there 6 lumbar vertebrae?

Especial caution is necessary if the indication is based only on MRI findings in
the upper lumbar or thoracic spine, such as endplate (Modic) changes, which
cannot be seen in the image intensifier. Perioperative measures (Table 4) are
helpful to prevent complications.

Table 4. Perioperative measures to prevent complications

Cervical
anterior

Thoracic
anterior

Lumbar
anterior

Posterior Deformity
surgery

) identify population at risk ✔ ✔ ✔ ✔ ✔
) sufficient imaging ✔ ✔ ✔ ✔ ✔
) somatosensory and motor evoked potentials ~ ~ ~ ~ ✔
) pulse oximeter left leg – – ✔ ~ ~
) positioning avoiding compression of the vena cava – – – ✔ ✔
) cell saver technique ~ ~ ~ ✔ ✔
) autologous blood donation – ~ ~ ~ ~

Note:✔ in any case; ~ in selected cases

Timing of Surgery

A same day anterior and posterior procedure saves time and the nutrition status
is better. However, the longer the operation, the more tired the surgeon and the
higher the blood loss. A staged procedure may have advantages in the case of:

) myelopathy [114]
) anticipated excessive blood loss (coagulation disorders)
) very long surgeries (exceeding the patient’s or surgeon’s tolerance)

Otherwise, simultaneous surgery (two surgeons operating on two approaches at
the same time) [25] or same day anterior and posterior [119] procedures are
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reported to be superior to a staged procedure. In a staged operation, the main
decision must be made whether the condition of the patient will allow the opera-
tion to be continued the next day. This offers the advantage that the monitoring
devices like pulmonary artery or peripheral artery catheters can be left in place.

Single stage surgery is

generally advantageous but

in elderly patients caution

is warranted

The main problems are coagulation disorders requiring a longer period of time
between the two interventions. Complication rates, costs (hospital stay) and
patients’ preference are in favor of single day interventions when compared to
staged procedures.

Pitfalls and Salvage Strategies

Be prepared for typical

pitfalls

A knowledge of the typical pitfalls of an operation, and of strategies to cope with
them, is necessary before starting. Pitfalls are either approach related or instru-
mentation related. Instrumentation-related pitfalls often require special instru-
ments or implants. For example, unexpected pull-out of screws or hooks may
require special implants which should be available (e.g., thicker screw, bigger
hook, or bone cement augmentation).

Embolization

Consider preoperative

embolization for highly

vascularized tumors

Bleeding from a metastasis in the case of intralesional resection may be devastat-
ing. Preoperative angiographic embolization should be considered, especially in
renal carcinoma and thyroid cancer.

Profound Knowledge of Anatomy

This is as simple as it is obvious. Nevertheless, it should be stressed that a thor-
ough knowledge of the anatomy and a clear vizualization of the surrounding
structures are crucial if complications are to be avoided.

Patient Positioning

Blood Loss

Prone position with a free

abdomen reduces blood

loss

Excessive diffuse blood loss can be prevented in posterior procedures by ade-
quate positioning (see Chapter 13 ) of the patient prone on a Relton Hall frame
or other devices with a pendulous abdomen [70], which facilitates the draining of
the epidural vessels. Excessive epidural bleeding can be minimized by:

) positioning of the patient with a hanging abdomen
) avoiding exploring the posterior surface of the vertebra (if not necessary)
) pushing aside epidural veins with the retractor before entering the disc

space
) cauterization of veins which cannot be kept away [68]

Postoperative Blindness

Check the headrest to

avoid pressure on the eyes

There are numerous case reports of spinal surgeries which ended with unilateral
or bilateral visual loss [3, 65, 81, 112]. The main cause is retinal artery occlusion
due to pressure on the eye globe by the headrest, ischemic optic neuropathy, and
cerebral ischemia. Most cases underwent posterior instrumentation with a long
operation time [81]. All precautions to avoid ocular compression must be taken.
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Neuromonitoring

Define your workflow

on perioperative changes

of evoked potentials

Paraplegia cannot be fully avoided, but any preventive measure with some likeli-
hood of reducing the incidence must be undertaken, including:

) intraoperative spinal cord monitoring [24, 108]
) thorough control of fluid volume, blood loss, and blood pressure

If evoked potentials show increasing potential latency or decreasing amplitude,
immediate reaction is required. Somatosensory evoked potentials (SSEPs) usu-
ally have a delay in the response, so that a clear association with a certain opera-

Motor evoked potentials

are more sensitive

tive step may not be obvious. Motor evoked potentials (MEPs) are more sensitive
[90] so that reaction by either reducing correction or by removing a screw or a
hook can be done. In the case of any doubt, a wake-up test is necessary. If the
wake-up test indicates a neurological deficit, implant removal is required. There
are no good comparative studies on the effect of implant removal after pathologi-
cal potentials and a pathological wake-up test have taken place. In view of the In cases with iatrogenic

neurologic deficit, complete

implant removal is counter-

productive if a floating

spine will result

lack of clear evidence in the literature, implant removal is recommended, and
also in the light of medicolegal issues. In some specific cases, however, there are
clear arguments for leaving the implants in place, for example in the case of resec-
tion of vertebra where implant removal will cause the situation to deteriorate.

Approach-Related Complications

There is some overlap in procedure and approach related complications. In gen-
eral, the anterior approach (Table 5) is more prone to serious complications than

Table 5. Incidence of complications in anterior thoracolumbar surgery

Category Complication Rate Sample size Intervention Author

Anterior
lumbar
interbody
fusion

) mortality 0.15 % 684 mini-open anterior lumbar Brau (2002) [15]
1.0 % 207 anterior thoracolumbar Oskouian (2002) [88]

) direct vascular injuries 3.4 % 207 anterior thoracolumbar Oskouian (2002) [88]
) arterial injuries 0.8 % 684 mini-open anterior lumbar Brau (2002) [15]

0.08 % 1 223 anterior fusion Faciszewski (1995) [33]
) venous injuries 0.8 % 684 mini-open anterior lumbar Brau (2002) [15]
) deep venous thrombosis 2.4 % 207 anterior thoracolumbar Oskouian (2002)

1.0 % 684 mini-open anterior lumbar Brau (2002) [15]
0.3 % 318 “major” Dearborn (1999) [23]

) pulmonary embolism 2.2 % 318 “major” Dearborn (1999) [23]
) retrograde ejaculation 0.1 % 684 mini-open anterior lumbar Brau (2002) [15]

1.7 % 116 male retroperitoneal Sasso (2003) [99]
8 % 50 male retroperitoneal Christensen (1997)
13.3 % 30 male transperitoneal Sasso (2003) [99]
17.5 % 40 male transabdominal Tiusanen (1995)

) ileus > 3 days 0.6 % 684 mini-open anterior lumbar Brau (2002) [15]
) superficial infection 1.0 % 1 223 anterior fusion Faciszewski (1995) [33]
) deep infection 0.6 % 1 223 anterior fusion Faciszewski (1995) [33]

Anterior
spinal
deformity
surgery

) pulmonary complications 4.9 % (2.2 %) 447 miscellaneous, deformities McDonnell [77]
) related to chest tube 1.8 % (2.7 %) 447 miscellaneous, deformities McDonnell [77]
) gastroenterological 1.1 % (2.9 %) 447 miscellaneous, deformities McDonnell [77]
) related to wound 1.1 % (2.7 %) 447 miscellaneous, deformities McDonnell [77]
) hematological 0.9 % (0.2 %) 447 miscellaneous, deformities McDonnell [77]
) operative 0.7 % (1.1 %) 447 miscellaneous, deformities McDonnell [77]
) neurological 0.7 % (1.8 %) 447 miscellaneous, deformities McDonnell [77]
) genitourinary 0.4 % (11.6 %) 447 miscellaneous, deformities McDonnell [77]
) cardiac 0.4 % (0.9 %) 447 miscellaneous, deformities McDonnell [77]
) death 0.4 % 447 miscellaneous, deformities McDonnell [77]

Note: When two rates are quoted, the first refers to major, and the second (in brackets) to minor, complications
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the posterior one, and some occur more often in the lumbar spine, others in the
cervical spine. For the purpose of this chapter, the complications are described
where they occur most frequently.

Anteromedial Cervical Approach

Vessel Lacerations

Arterial lacerations and venous lacerations are rare, and the same treatment
methods as mentioned in the chapter on lumbar vessel laceration can be applied.
The internal jugular vein may be ligated unilaterally. Thrombosis of the internal
jugular vein frequently occurs associated with hemodialysis catheters, and with-
out important sequelae [116]. Vertebral artery injury occurs in 0.3–0.5% of ante-
romedial interventions, especially in:

) complete corpectomy with resection of the lateral vertebral wall
) injuries by a burr
) lateral placement of an instrument
) excessive lateral disc removal
) intraoperative loss of the midline landmarks

An anomalous medial course of the artery is described and was found in an ana-
tomic study in 2.7% of patients. Therefore, preoperative imaging is mandatory
[61].

Superior Laryngeal Nerve Lesion

The superior laryngeal nerve (SLN) originates from the middle of the nodose
ganglion of the vagus nerve and divides after an average of 15 mm into an inter-
nal and external branch. Caution is extremely important if the contralateral side
was operated on for thyroid surgery or neck surgery, or was irradiated. A bilat-
eral lesion interrupts the afferent part of the cough reflex and can cause life-
threatening aspiration [78]. The external branch (ESLN) courses distally poste-
rior to the superior thyroid artery, and innervates the cricothyroid muscle, which
is responsible for regulating the tension of the vocal cords by rotating the cricoid
cartilage. A lesion causes slight hoarseness, voice fatigue, loss of high tonalities,
and decrease in voice volume. Therefore, prudence is particularly indicated in
singers, teachers and professional speakers. Treatment is not possible. Caution is
necessary in any cervical spine operation rostral to C4 [60].

Recurrent Laryngeal Nerve Lesion

Check larynx function

in case of previous surgery

or radiation

In a study of 328 cases of anterior cervical spine surgeries, incidence of a lesion
was 2.7%, and lesions occurred with the same rate in right and left sided
approaches [10]. The main symptom of a unilateral lesion is hoarseness. A bilat-
eral lesion can cause severe problems to breath, but is assumed to be extremely
rare in cervical spine surgery. Continuous laryngeal nerve integrity monitoring
did not decrease recurrent laryngeal nerve (RLN) complications in non-random-
ized controlled studies regarding thyroidectomy. Many false negative cases
occurred during monitoring [97, 121]. Spontaneous recovery occurs in about
one-third of cases. In the case of previous surgery on the contralateral side, in
neurological disorders or after irradiation, preoperative laryngoscopy is neces-
sary to avoid a bilateral lesion.
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Hypoglossal Nerve Lesion

The hypoglossal nerve can be damaged in anterior approaches to the upper cer-
vical spine, and C1/C2 Magerl screws (Case Study 1) penetrating the anterior cor-
tex of the atlas. A lesion causes tongue deviation to the ipsilateral side. Treatment
is not possible but spontaneous recovery is frequent.

a b

c d

Case Study 1

A 79-year-old female presented with severe neck pain 5 months after a fall. The radiologic assessment (a) revealed a
dense non-union. Non-operative measures failed and surgery was indicated based on a very painful atlantoaxial instabil-
ity. A posterior atlantoaxial screw fixation was done with a 5-cm incision at the C1/2 level and a percutaneous screw
insertion under biplanar image intensifier control. The skin entry points for the transarticular screws were at the level of
T2/3 and the screw trajectory could not be angled more steeply because of the upper thoracic kyphosis with compensa-
tory cervical hyperlordosis. The screw placement and Gallie fusion with a titanium cerclage were carried out uneventfully
(b, c). The patient recovered from the surgery without any obvious neurological deficit. However, on the second postop-
erative day, a deviation of the tongue was noticed. A thorough neurological examination was otherwise unremarkable.
An MRI scan was done to rule out any central lesion or bleeding. The T2-weighted MRI scan (d) demonstrated a perfora-
tion of the anterior cortex which was done intentionally to increase screw purchase in an osteopenic bone. However, the
screw had irritated the hypoglosseus nerve which runs in front of the axis. The tongue deviation recovered spontane-
ously. This case indicates that the anterior cortex should not be perforated with transarticular screws.

Treatment of Postoperative Complications Chapter 39 1097



Anterior Approach to the Cervicothoracic Junction

Lesions to the RLN and Horner’s syndrome are described in some case reports.
Lesions of large vessels can occur and care must be taken that the surgery can
cope with this potentially life-threatening complication [13]. The availability of a
vascular surgeon should be clarified preoperatively.

Thoracotomy

Lung Lacerations

A laceration of the lung can be created during blunt dissection of pleural adhe-
sions or by direct trauma with an instrument. Air will exit and can be made visi-
ble by irrigation fluid. Treatment includes local closure of the leak and a chest

Suturing the lung is not

easy because the suture

tends to cut out

tube. The pleura can be sutured using a 4/0 continuous suture, or synthetic mate-
rial (Table 6). Fibrin sealant can be injected afterwards to make the lesion air-
tight. In order to avoid sutures cutting through the lung tissue, the suture has to
be placed with a perpendicular, grasping a larger piece of lung tissue to avoid cut-
ting out.

Table 6. Synthetic hemostatic materials

Name Company Material Indications Extended indications

FloSeal Baxter bovine derived gelatine and
thrombin with mixing acces-
sories and syringe

when control of bleeding by liga-
ture is ineffective

epidural bleeding, lung lacera-
tion

TachoSil Nycomed collagen sponge coated with
human fibrinogen and throm-
bin

for supportive treatment of hemo-
stasis where standard techniques
are insufficient

pleural defects

Gelfoam Pfizer water-insoluble porous prod-
uct from purified pork skin
gelatine. Hemostatic mecha-
nism not fully understood

as a hemostatic device, when other
procedures are either ineffective or
impractical

Avitene Davol Inc.,
Cranston,
RI, USA

a microfibrillar collagen
product

apply pressure with a dry sponge.
the period of time may range from
a minute for capillary bleeding to
3 – 5 min for brisk bleeding or arte-
rial leaks

in neurosurgery apply with a
moist sponge. For control of
oozing from bone, it should be
firmly packed into the spongy
bone surface

Note: Extended indications are not quoted here! The product description of the company has been shortened. For full details
see the company description!

Use two chest tubes in case

of a hematopneumothorax

In the case of broad pleura adhesions, a large area of the pleura can be destroyed.
This area can be covered with Tachosil (Table 6). Air exiting from alveoli will not
cause a problem. It can be drained by the chest tube, and the lung will heal. Air
exiting from bronchi requires closure of the leak. This is beyond the scope of an
orthopedic surgeon, and a thoracic surgeon must be involved. In any case, a chest
tube has to be placed where the air is expected to accumulate, usually anterior to
the lungs, if the patient is lying in the supine position.

Lacerations of the Thoracic Vessels

Do not try to repair

pulmonary artery lesions –

compress them until help

arrives!

The azygos or the hemiazygos veins are most likely to be injured, and can be
ligated, as well as the segmental vessels. The risk of anterior spinal artery syn-
drome increases with bilateral ligation of segmental arteries. If this is planned,
clamping and neuromonitoring is required. The aorta can be sutured as
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described below. A lesion of a pulmonary artery requires the most experienced
thoracic/vascular surgeon available.

Pneumothorax

A trocar guided chest tube

insertion is dangerous

If air in the thorax is detected postoperatively, a chest tube is placed with local
anesthesia. A trocar guided chest tube insertion is regarded as dangerous. We
prefer a direct tube insertion after mini-thoracotomy (3–4 cm incision). In the
supine position, the drain must be beneath the anterior chest wall. Tension pneu-
mothorax may occur, if not drained. Findings are respiratory distress, tachypnea,
unilaterally decreased or absent respiration, tachycardia, and hypotension as the
key signs of tension pneumothorax.

Hematothorax

Place the chest tube

anteriorly to drain air and

posteriorly to drain blood

If bleeding is expected, a chest tube has to be placed where blood is likely to accu-
mulate, usually lateral to the spine and posterior in a patient lying in the supine
position. The chest tube will be removed after criteria established by the depart-
ment. Some surgeons remove the tube after 24 h, others, if less than 200 ml per
day is collected. There is no evidence in the literature on the best way. If more
than 600 ml blood per hour is lost, revision thoracotomy must be considered. If
hematothorax occurs after chest tube removal, ultrasound guided puncture may
be sufficient for minor bleedings.

Chylothorax

Postoperative chylothorax

is treated by parenteral

nutrition and chest tube

The chyle in the thoracic duct is a milky fluid. In anterior approaches to the tho-
racic spine, especially in trauma or deformities, the thoracic duct may be injured.
Ligation is possible, but the vessel is usually hard to find. Therefore, it is better to
cover the area, where the leak is suspected, with synthetic material, e.g., Tachosil
(Table 6). A chest tube has to be placed posteriorly. The loss of chyle may be con-
siderable and can range up to 6 L/day (average production is 40 ml/kg body
weight). Treatment is normally non-surgical with either total parenteral nutri-
tion or enteral low fat solid food or an enteral elemental diet supplemented with
intravenous lipid emulsion, until the lymph leak heals, which takes an average of
30 days. Lymphocytopenia and hyponatremia are frequently seen [84].

Pleural Abscess

The stage of the disease decides the required procedure. In early cases with liquid
pus, chest tube drainage is sufficient. Failure to evacuate the pleural space or per-
sistent signs of infection should prompt surgical intervention by open thoracot-
omy or thoracoscopic evacuation. In late cases with lung entrapment, decortica-
tion (resection of the visceral pleura) may be necessary.

Insufficient Postoperative Oxygenation

Insufficient postoperative respiration can occur in patients with deformities and
severely impaired lung function, and in neuromuscular diseases such as

A thoraco-phrenico-

lumbotomy decreases vital

capacity by about 20 %

Duchenne’s disease. An approach through the diaphragm (Hodgson approach)
causes a reduction of vital capacity of about 20% for one year. A rib hump resec-
tion may cause a decreased lung volume [71]. Both measures can cause a border-
line sufficient respiration to deteriorate. On the other hand, if correction does not
reduce lung volume, corrections can be performed even in patients with a vital
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capacity of less than 40%. Recently, Wazeka et al. reported on deformity correc-
tion in 21 patients with a mean predicted vital capacity of 32%, who needed post-
operative supplemental oxygen for 0–90 days. Two developed pneumonia, two
pleural effusions, and atelectasis was found four times. There were no mortalities
or adverse neurological outcomes [115]. Tracheotomy may be required if the
patient is not able to breath sufficiently for days. Exercises can increase the vital
capacity as well. In rare cases with no recovery, there is a need for a continuous
oxygen supply via a transportable oxygen bottle.

Thoracolumbar Approach

The same lesions as with the thoracic and lumbar anterior approaches can occur
but the liver and the spleen are at risk during this approach.

Liver Lesion

Repair of a bleeding liver

lesion requires a specialized

surgeon

A subcapsular hematoma does not require an intervention. Open bleeding from
the liver requires a specialized surgeon. Postoperative suspicions should be
investigated with ultrasonography.

Splenic Injury

There are few case reports of accidental splenic injury during anterior spine
approaches [20] especially the left sided approach to L1/L2. In other interven-
tions like esophagectomy, the mortality and sepsis rate increase with splenec-
tomy. Therefore, preservation of the spleen should be the aim of treatment when-
ever a splenic injury occurs. Observation or hemostatic agents can be used for
grade 1 and 2 (subcapsular hematoma <50% of surface) [79]. Reconstruction or
resection is the treatment of choice in grades 3 (>50%) to 5 (shattered spleen).

Anterior Lumbar and Lumbosacral Approach

Due to the high rate of anterior lumbar interventions and the proximity of ves-
sels, the lumbar spine is the most common location of vessel lacerations.

Arterial Laceration

After suturing an artery,

check for thrombosis

and monitor vascularization

by pulse oximetry

An intraoperative open arterial bleeding is usually caused by sharp dissection of
the artery. This can occur accidentally with a sharp instrument, or during dissec-
tion in scar tissue. A temporary vessel loop may facilitate the repair (Fig. 1). How-
ever, the inexperienced surgeon is at risk of increasing the problem when trying to
prepare for the insertion of the vessel loop. It is recommended that the less experi-
enced surgeon is better to wait for the help of a vascular surgeon. A simple incision
of the artery can be sutured with 3-0 monofilament double ended sutures for the
aorta and 4-0 for thicker vessels like the common iliac artery (Fig. 2). It is impor-
tant to suture the entire wall of the artery including the intima; otherwise the
intima can occlude the vessel (Fig. 3). Occlusion of the vessel adjacent to the lacera-
tion by vessel loops is mandatory. Thrombectomy with a Fogarty catheter has to be
done first, and intravascular heparin (5000 IU) is administered before final clo-
sure. Just before the last knot is made, some blood is allowed to escape, in order to
get the air out of the vessel. To make the suture tight, synthetic hemostatic material
(Table 6) may be administered. Due to the risk of postoperative arterial thrombo-
sis, it is recommended to consult a vascular surgeon in any case. Postoperative
monitoring of the blood circulation of the leg is required using a pulse oximeter.
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Figure 1. Vessel loop

A vessel loop is put twice around the artery. With this technique the artery can be closed by pulling on both ends.

a b c

Figure 2. Suture of a tear in a vessel

A monofilament double ended atraumatic suture is used. One end of the suture is fixed, and then a continuous suture
is made with the first needle, and consecutively with the second needle. In small children, single knots are better,
because a continuous unresorbable suture cannot grow. This suture technique can also be used to repair a dural leak.

a b

Figure 3. Suture of a tear in an artery

The suture canal should be oblique. The intima is perforated further away from the tear than the serosa, in order to create
eversion of the vessel wall, and to avoid the intima occluding the vessel.
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Arterial Thrombosis

Avoid pressure on lumbar

arteries by sharp-edged

retractors or pins

The rate of arterial thrombosis was 0.45% in 1315 consecutive cases undergo-
ing anterior lumbar surgery at various levels from L2 to S1 [16]. The main
causes are either a tear in the intima, or compression of more than 50% of the
lumen. Atherosclerotic plaques increase the risk. A cautious surgical technique
can reduce the incidence of arterial thrombosis. The pressure of sharp-edged
retractors or of pins should be avoided [66] and artery and veins should not be
separated in order to keep the lymph vessels and crossing blood vessels intact.
Even in posterior fusion, direct pressure on the inguinal region may cause
occlusion [1].

Do not postpone treatment

by planning angiography

or ultrasound

Late symptoms are paralysis and sensory impairment usually of the left leg,
and cyanosis of the toes. Delayed thrombectomy after wound closure and angi-
ography will cause severe residual symptoms due to compartment syndrome
[19, 47, 66, 74, 94]. Therefore, arterial thrombosis must be detected before symp-
toms occur. Similarly to arterial laceration, postoperative monitoring with a
pulse oximeter is essential.

Venous Laceration

Major vein lacerations are usually detected during surgery. If a vein is com-
pressed, a stab wound can be caused by a pin. In anterior lumbar interbody
fusion, the left ascending iliolumbar vein is recommended to be ligated in
advance, because avulsion may be difficult to treat. There are several opportuni-
ties for treatment:

Suture

Usually, a 5-0 double ended monofilament suture is used (Fig. 2). Direct repair is
chosen if the defect is easily accessible, and if the resulting stenosis is expected to
be less than 50% of the lumen. Some stenosis can be accepted, and may be even
beneficial, causing a higher speed of blood flow which may reduce thrombosis
rate. Postoperatively, heparin treatment for 5–7 days or during hospital stay is
recommended followed by LMWH or other vitamin K antagonist treatment for
4–6 weeks, in order to prevent rethrombosis. Heparin treatment can be per-
formed for example with enoxaparin (Lovenox) starting 4 h after surgery (1 mg/
kg two times per day). Postoperative monitoring for thrombosis is also essential.
The recurrent thrombosis rate is 20%. Doppler sonography studies are recom-
mended in the case of clinical suspicion.

Compression and Hemostatic Agent

Most small venous lesions

are sealed by pressure only

The maintenance of pressure for about 5 min is essential, and is usually per-
formed with the help of a collagen sponge. Hemostatic agents (Table 6) are cho-
sen either if the tear size is less than 5 mm or if the tear is difficult to access.

Ligation

Ligation is the method of choice in catastrophic situations. Before ligation of a
large vessel, a vascular surgeon should be consulted. Other measures including
end-to-end anastomosis as well as interposition grafts or patches must be con-
sidered. The common iliac vein can be ligated in a life-threatening situation.
Even the inferior vena cava can be ligated below the renal veins, and sequelae like
permanent edema of the legs are rare [111].

1102 Section Complications



The mortality from major

abdominal vessel injuries

is high

In a recent study [86], 18% of patients with iatrogenic injuries to major abdomi-
nal or pelvic veins died due to:

) uncontrollable bleeding
) multisystem organ failure
) pulmonary embolism

The blood loss ranged from 500 ml to 20000 ml. Therefore, any attempt must be
undertaken to avoid venous lacerations.

Bowel Perforations

These are rare and usually occur during anterior procedures. There are also some
case reports of perforations during microdiscectomy [42, 55, 58]. A laceration of

Bowel perforations

must be repaired

the serosa can be sutured superficially. A perforation will require continuous two-
layer stitches, through the periphery of the mucosa and the entire muscle. If a part
of the bowel is destroyed, resection will be necessary. The likelihood of contamina-
tion and consequently of the formation of abscesses increases from proximal to
distal, with almost no danger of contamination in the small intestine, and a high
danger in the sigmoid colon. Postoperative antibiotic treatment is required.

Ureteral Injury

Some cases were reported which occurred during anterior lumbar surgery, espe-
cially in laparoscopic surgery [44] and disc prosthesis [39]. The diagnosis is often
made postoperatively, and the main reasons are misplaced stitches or clips to stop
bleeding. Treatment is an end-to-end anastomosis or implantation of the rest of the
ureter into the urinary bladder performed by a urologist. A short-lasting contu-
sion by a stitch or a hemostat usually does not require surgical treatment, but
requires postoperative observation including ultrasonography of the kidney [49].

Urinary Bladder Injury

The incidence is rare. The urinary bladder is sutured with two sutures. After
suturing the muscularis and mucosa with continuous atraumatic 3-0 stitches, the
peritoneum is separately sutured. A urethra or suprapubic catheter is applied for
10 days, and antibiotics are administered during this time [49].

Posterior Approach to the Cervical Spine

Postoperative Kyphosis

Postoperative kyphosis

results can result from

inappropriate technique

Failed reattachment of the semispinalis during laminoplasty may lead to postop-
erative kyphosis. Reattachment should be performed, but anatomic variation has
to be considered [110]. Resection of the C2 spinous process should be avoided in
order to prevent kyphosis.

Vertebral Artery Injury

The lesion is rare and occurs in 4.1% of transarticular (C1/2) screw fixations
[120]. Biplanar imaging guidance has decreased the incidence. Most patients
remain asymptomatic after the incidence. The risk of neurological deficit from
vertebral artery injury was 0.2% per patient or 0.1% per screw, and the mortality
rate was 0.1% [120]. Devastating complications may occur in lesions of a unilat-
eral artery, or in the case of a contralateral artery with thin lumen. Preoperative
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imaging is mandatory in order to determine salvage strategies in advance.
Hemostasis may be achieved by compression and packing. If the lesion occurred
during drilling, a screw in the drill hole is a good option. The screw at the oppo-
site side, if not in place, should be skipped, and a salvage Gallie procedure can be
performed instead of using Magerl screws. Pseudoaneurysm and arteriovenous
fistulae are rare sequelae [61]. Stenting may be efficacious.

Posterior Approaches to the Thoracic and Lumbar Spine

Approach-related intraoperative complications are rare. Excessive bleeding can
occur. The risk is reduced by adequate patient positioning and change of platelet
inhibitors and anticoagulants to other drugs preoperatively. Very rarely, lesions
of anterior structures occur due to direct accidental stab trauma. Relatively rare
is an accidental lesion of the dural sac or of the spinal cord during preparation of
the approach. It is mandatory to use imaging to determine whether the posterior
vertebral elements are intact; otherwise, preparation has to be conducted with
more caution.

Procedure Related Complications

Decompressive Cervical and Lumbar Surgery

Check preoperative X-rays

for bony defects

Decompressive surgery in the cervical and lumbar spine is the most frequently
performed intervention but also prompts the need for revisions and surgery of
the adjacent segments. In some cases, complications can be avoided if the preop-
erative radiograph is checked for bony defects. In primary cases, this precaution
helps to avoid unintended dural lacerations (e.g., in spina bifida occulta).

Epidural Vein Bleeding

The blood loss may be considerable and can substantially reduce visualization,
compromising surgical success. Epidural bleeding usually stops after wound clo-
sure and turning the patient into the supine position. Reports on cauda equina
syndrome caused by postoperative continued epidural bleeding are rare [52].
Severe bleeding from epidural veins occurs in 3.5% in the hands of very experi-
enced surgeons, and in 7% in the hands of experienced surgeons [68].

Wash out Floseal after

epidural vein bleeding

has stopped

If severe bleeding occurs, it is sometimes better to continue removing the disc
herniation rather than attempting to coagulate the bleeding epidural vessels. Bleed-
ing often stops after removal of the disc herniation and facilitates exploration of the
bleeding vein. Compression of the vessel with a neurosponge allows the bleeding to
be controlled in the vast majority of cases. Generally, bipolar cauterization may be
necessary but should be limited because of postoperative scarring. Floseal is a very
efficient material to stop epidural bleeding. Usually, this agent increases its volume,
so that application in the vertebral canal requires caution. Removal of the agent by
irrigation is recommended when the bleeding has stopped.

Nerve Root Injuries

A nerve root may be damaged by:

) malpositioning of a pedicle screw (Fig. 4)
) direct pressure or traction during decompression (e.g., PLIF procedures)
) sharp instrumentation (high speed burrs)
) cauterization (heat)
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a b

Figure 4. Malpositioning of a lumbar pedicle

a The axial CT scan shows that the pedicle screw has perforated the medial pedicle wall because of a far lateral recess.
b CT reformation of the images demonstrates that the screw has perforated the inferior medial aspect of the pedicle,
which has led to a nerve root irritation. The pedicle was still intact after screw hole preparation with a blunt pedicle finder
(4 mm). However, the pedicle screw (7 mm) perforated the pedicle cortex, which was not noticed. In questionable cases,
it is recommended to again remove the screw after it has passed the pedicle and entered the vertebral body. However,
do not completely insert the screw if you want to remove it again to probe the pedicle because of the limited bony pur-
chase with screw reinsertion.

Poor visualization due to bleeding, perineural fibrosis, or congenital vertebral
(e.g., dysplastic pedicle) or neural abnormalities (conjoined nerve roots)
increases the risk of damage. The most vulnerable area for a lesion is the axilla of
the nerve root. Therefore, a good preventive principle is to stay lateral to the
nerve root when removing disc material [68]. Herniating root fibers have to be
reduced, and the defect has to be closed. However, a suture of the dura is very dif-
ficult and can cause stenosis. A fat or collagen pad or an artificial dura (e.g., Tis-
sueDura) with fibrin sealant is recommended to close the leak.

Cauda Equina Syndrome

There are several reports on postoperative cauda equina syndrome after discec-
tomy for lumbar disc herniation [28, 52]. A frequent cause is extraction of a large
disc fragment through a small flavum window (microsurgical approach). The
syndrome is caused by direct pressure or by postoperative hematoma. A further
cause may be venous congestion in the presence of preexisting lumbar spinal ste-
nosis [52]. Extended decompression as soon as possible is recommended but
recovery is often only partial.

Unintended Durotomy

The risk of unintended durotomy and cerebrospinal fluid (CSF) leaks can be
reduced with increasing surgical experience. However, sometimes minor tears
may become symptomatic only days or weeks after surgery (Case Introduction).

Dural tears should be

repaired (if possible)

In severe spinal stenosis, which often presents with adhesions, dural tears occur
even in the hands of experienced surgeons. Closure of the defect is generally rec-
ommended. The following treatment options are available:
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Suture

The leak should be covered with a neurosponge until the repair is performed. The
leak can be sutured with non-resorbable 5-0 suture (interrupted or running) and
should be watertight. But care must be taken not to create a stenosis or suture in
a root fiber. It is debatable whether a small arachnoidal cyst should be opened
prior to the repair. In this setting, Gehri et al. [40] have reported a case in which
the suture of an arachnoidal cyst injured a small dural vessel and created a sub-
dural hematoma. It is advisable to control the tightness of the dural repair before
closing the wound. This is done either by tilting the table to increase the pressure
within the dura, or by high pressure respiration (increased PEEP). The muscle
fascia of the back muscles and the skin should be sutured so they are watertight.

Patch

If the dura is extremely thin or a large defect was created, the defect can be cov-
ered with fascia, muscle, fat, or synthetic material such as Tissue-Dura (Baxter),
Durepair (Medronic) or DuraGen (Integra). A fibrin sealant (e.g., Tissucol) can
be used to improve the closure. In complicated cases, however, a formal plastic
repair is necessary. In complicated cases, an external CSF drainage is necessary.

Leave It Open

Small CSF leaks often cause

more problems than large

defects

If there is no way to close the leak, it can be left open. In this case, it is absolutely
necessary to avoid formation of a CSF fistula, i.e., the wound closure must be
watertight. A pseudo-meningocele sometimes develops but usually does not
harm the patient. The CSF is very pervasive and will find its way out of the body.
A drainage (as overflow) is therefore recommended until the skin has healed.

Repair the dural defect

whenever possible

Antibiotic prophylaxis is recommended as long as there is drainage from the
wound or a drain is in-situ. In cases with adequate dural repair, bedrest is usually
not required. NSAIDs are administered for headache.

Lesions of Anterior Structures

Some case reports exist of intra-abdominal vascular or bowel injuries during
lumbar disc surgery [42, 44, 113]. Frequently, the stab wound is caused by a sharp
instrument or a rongeur (perforating the anterior anulus fibrosus). When using
a sharp instrument (e.g., chisel), the instrument has to be held tight to counteract
forces exerted by the hammer. The surgeon must always be aware that a structure
can suddenly break or is released jeopardizing underlying structures.

Anterior vessel injury by a

posterior approach is a life-

threatening complication

In the devastating situation of a major bleeding from an anterior vessel, the
patient has to be turned supine after compressing the wound with sponges as
effectively as possible. The posterior wound should be closed provisionally with
large stitches. The patient should immediately be positioned supine for an ante-
rior approach. Vessel repair must be done by the most experienced (vascular)
surgeon available.

Deformity Correction

Spinal Cord Injury

Spinal cord injury is the most serious complication and most frequently occurs in
deformity correction. There may be several reasons for spinal cord injury:
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Direct Spinal Cord Injury

Direct spinal cord injury

can occur by implants,

instruments or bony spurs

Direct injury may occur by improper placement of screws, hooks, sublaminar
wires, or may result from a fracture of the lamina, pedicle or posterior wall of the
vertebral body during correction maneuvers. Postoperative MRI may reveal
bleeding or ischemia in the spinal cord. Even delayed spinal cord injury can
occur due to compression by an implant in a narrow spinal canal [64]. For legal
reasons, the proportion of paraplegia caused by direct injury is not known. How-
ever, reports on neuromonitoring, where evoked potentials were restored after
implant removal, suggest that these cases exist.

Distraction

Distraction leading to spinal

cord injury is an avoidable

complication

Distraction may cause paraplegia especially in rigid angular curves, and in the
presence of malformations like diastematomyelia, where distraction of the spinal
cord can move the cord along a bony or fibrous spur in the cord. In more than half
of the cases of diastematomyelia combined with congenital scoliosis, a neurologi-
cal deficit can be found preoperatively [56].

Anterior Spinal Artery Syndrome

Anterior spinal artery syndrome is a devastating complication. Somatosensory
evoked potentials are likely to be false negative at the onset of the syndrome [7,
83], but motor evoked potentials will show the lesion immediately. It may be
caused by several mechanisms:

) distraction
) hypotensive anesthesia
) vessel ligation
) unknown causes

Avoid spinal deformity

correction in severe

hypotensive and

hypovolemic anesthesia

The blood flow in the anterior spinal artery can be decreased during distraction.
At least 65% of baseline blood flow is required to maintain spinal cord integrity
[83]. Hypotensive anesthesia or a sudden decrease of blood pressure may inter-
rupt sufficient oxygen supply of the motor fibers. In this condition, deformity
correction should be avoided until blood pressure and volume have been cor-
rected.

Vessel ligation can cause anterior spinal artery syndrome in vascular surgery
for aortic aneurysm. However, it is very unlikely to cause paraplegia in orthope-
dic cases, because in deformity surgery it is done unilaterally and on the convex-
ity of the curve. Nevertheless, it is recommended to provisionally clamp vessels
(control the effect with MEPs), ligate vessels only at the midvertebral level (collat-
eral supply), and to avoid hypotensive anesthesia.

Avoid low postoperative

hemoglobin and

hypotension after large

deformity correction

In a large study, not a single case of paraplegia was found in more than 1000
anterior operations [118]. In tumor resection, bilateral artery ligation may be
required, and there are some reports of the syndrome in these cases [30]. Para-
plegia especially due to anterior spinal artery syndrome can occur up to 3 days
after surgery [107]. In cases with large deformity corrections, low postoperative
hemoglobin and hypotension should be avoided to allow for an adequate vascu-
larization of the spinal cord, which may be compromised by the correction [51].
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Reduction of High-Grade Spondylolisthesis

Neural Injuries

In high-grade spondylolisthesis (see Chapter 27 ), particularly the L5 nerve root
is at risk. The incidence depends on the surgical technique and may be higher
than 50% if full reduction is attempted [14]. More than 50% of the lesions resolve
with time. The nerve root lesion can become clinically apparent even hours after
the completion of the operation. Neural compromise can occur by three mecha-
nisms:

) cauda equina compression
) foraminal impingement
) nerve root stretching

Avoid complete correction

of high-grade spondylolis-

thesis

A cauda equina syndrome can occur as a result of a compression over the poste-
rior edge of the sacral dome after in situ arthrodesis with or without decompres-
sion [75]. Immediate decompression including resection of the dorsoapical rim
of the sacral dome is recommended [103]. Foraminal stenosis is a frequent find-
ing in high-grade spondylolisthesis [63]. Correction of the lumbosacral kyphosis
reduces the foramen even more. Sagittal translation of the slipped vertebra
causes a non-linear nerve root stretch (70% of the stretch occurs after a reduc-
tion of more than 50%) [91]. It is therefore recommended to avoid a correction
of more than 50%.

Major Bleeding
Complete corpectomy

in high-grade spondylo-

listhesis may lead

to life-threatening

uncontrollable bleeding

In Gaines procedures (complete corpectomy of the slipped vertebra), life-threat-
ening bleeding can occur from the pre-sacral venous plexus. Sponges and hemo-
static agents (Table 6) can be used to control bleeding.

Corpectomy/Osteotomy

Excessive Bleeding from Bone

Blood loss during corpectomy and osteotomy can be excessive and can rapidly
cause hemodynamic problems. Control of bleeding by compression with sponges
is the first method which creates time for further planning. If the bleeding is from
cancellous bone, bone wax and hemostatic agents are helpful (Table 6). In cases
of arterial or venous injuries from major vessels, the outline recommendations
above apply.

Excessive Tumor Bleeding

Always prepare the

instrumentation prior

to tumor removal

The optimal way to prevent bleeding is by preoperative embolization [45, 82, 87].
However, this is not always possible. Resection should always start in areas not
affected by the tumor (e.g., the intervertebral disc), and instrumentation (e.g.,
screw placement and unilateral rod implantation) should be prepared to allow
for a rapid determination of the surgery in the case of hemodynamically relevant
bleeding. If bleeding occurs, a practical approach is to remove the tumor as
quickly as possible, and then to control the bleeding. However, this must be
planned and coordinated with the anesthetist. It is not wise to start tumor
removal when the patient is hemodynamically unstable.
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Postoperative Complications

Surgery does not end

with skin closure

Postoperative management is a decisive factor for the success of the surgery. It
must be structured and a close communication between the involved specialists
is mandatory.

Postoperative monitoring should follow a protocol with regard to:

) blood loss
) required laboratory analyses
) neurological examinations
) vascular examinations

Threshold values for action must be defined (blood loss per hour), as well as
pathways for examination in the case of bleeding or a neurological deficit.

Homeostasis Related Complications

Postoperative Bleeding

The amount of blood loss varies considerably with the surgical intervention. In
the case of significant or unexpected blood loss detected either by loss through a
drainage system or a decrease of hemoglobin concentration, a vital level of
hemoglobin has to be maintained, and the cause of bleeding must be assessed.
The minimal accepted hemoglobin concentration depends on age, comorbidity
and type of surgery. As a rule, 6–7 g/dl can be accepted in children and 8–10 g/dl
in elderly people without comorbidity. However, it is important to individually
define the minimally accepted hemoglobin concentration based on the patient’s
general condition and type of procedure (e.g., deformity correction). In elderly
people, the individual risk of stroke, cardiac failure and renal failure must be con-
sidered.

A threshold amount (e.g., 600 ml/h) of blood loss from a chest tube or suction
drain is difficult to define and depends on:

The indications for when

to revise depend on the

patient and type of surgery

) body weight
) age
) homeostasis
) hemoglobin
) confounding diseases
) availability of blood
) surgical situation

A coagulopathy or bleeding from a large, perhaps tumor infiltrated wound area
cannot be controlled by surgery alone. An unexpected major bleeding, not
caused by a coagulopathy, requires imaging, i.e.:

) angiography
) contrast CT

Angiography is the best choice, because interventional closure of a vessel can be
performed. Segmental vessels of the spine and vessels supplying a tumor can be
occluded by subsequent coil embolization or stent implantation. Contrast CT
scan is less time consuming than angiography, and also provides information
about the bleeding site. This method is preferred if bleeding from a large vessel in
the pelvis is suspected, and if the cardiovascular status of the patient allows a
delay.
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Postoperative Hematoma

In posterior approaches, hematomas normally do not cause major problems. The
patient is usually lying supine in the early postoperative course, and the pressure
of body weight on the posterior wound does not allow large hematomas to
develop. The rate of infection in large hematomas is not established, so that clear
guidelines of when to evacuate a hematoma cannot be drawn up. Even evidence
to use or not to use a closed suction drain is lacking [89].

Retroperitoneal Hematoma

The retroperitoneal space can contain 3-4 L of blood, and can cause an ileus,
which can usually be treated conservatively. If bleeding has stopped, evacuation
will be necessary only in rare cases.

Epidural Hematoma with Neurological Deterioration

Epidural hematoma causing

cauda equina compression

requires urgent

decompression

Extradural hematomas can be seen relatively often in MRI scans after decom-
pressive surgery but seldom cause compression. Immediate decompression is
required in case of a cauda equina syndrome. In elderly patients with extensive
decompression, thromboembolic prophylaxis should be started postoperatively
instead of preoperatively as a preventive measure (although not evidence based).

Neurological Complications

A thorough postoperative

neurological examination

is a must

It is self-evident that a thorough neurological examination must be performed as
soon as the patient is fully awake. Neuromonitoring helps but cannot completely
avoid neurological complications.

Nerve Root Injury

If a nerve root injury is discovered postoperatively, analysis is preferably done by
MRI scan. A CT scan can show the position of pedicle screws more precisely than
MRI. Malpositioning of a pedicle screw must be corrected as soon as possible.

Spinal Cord Compromise

In the SRS Morbidity and Mortality Report 2003, the incidence of developing a
complete paraplegia was 0.1% related to all spinal operations, and 0.2% for incom-
plete paraplegia. Delayed paraplegia developing in the first three postoperative
days is rare but does occur [107]. Hypotension, hypovolemia and anemia should be
avoided in patients who have undergone major corrective surgery. In case of a spi-
nal cord syndrome, rapid assessment of potential causes is self-evident. Spinal
cord compression can occur due to an epidural hematoma, implants (hooks, mal-
positioning of pedicle screws), bone cement after vertebroplasty, and homeostatic
material (Table 6). In case of deformity correction, the correction must be released
but it remains a matter of debate whether all implants must be removed.

Postoperative Wound Problems
In case of postoperative

fever, rule out wound, lung,

urinary tract and catheter

infection

The prevailing symptom of a wound infection in the immediate postoperative
period is:

) fever
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However, an elevated temperature (<39°C) up to the third postoperative day is
not worrisome and is most often related to a hematoma resorption or postopera-
tive aggression syndrome, although infection parameters should be determined
as a baseline and allow the further course to be judged.

According to the CDC (Center for Disease Control and Prevention) classifica-
The differentiation of

superficial and deep spinal

infections is arbitrary

tion, superficial and deep infections are differentiated. A superficial infection is
located in the skin and subcutis, and a deep infection below the muscle fascia.
Wound erysipelas is a special form of superficial cutaneous infection, e.g., strep-
tococci spread by the lymphatic system. Deep infections may be dependent on
the presence of an implant [57]. Ultrasonography with needle aspiration can be
helpful to distinguish between deep and superficial infection [67]. CT scans with
contrast media or MRI scans are often used to demonstrate infections, but there
is no evidence on the sensitivity or specificity available. There is also a lack of
published data on the ability of imaging methods to distinguish between hema-
toma and infected hematoma. There is a considerable variation in the number of
surgeons applying CDC categories [117]. It is also not possible to recommend

In equivocal cases always

explore and debride the

entire field of surgery

either exploration of the entire wound in every infection or to treat an infection
as a superficial infection until direct proof of a deep infection. The probatory
inspection may bring bacteria into contact with an implant if the infection was in
reality suprafacial, and in other cases proper treatment of a deep infection may
be postponed.

Superficial Infection

This may cause prolonged wound healing, and occurs in 2–3% of cases in lum-
bar discectomy [93], 0.9% in lumbar fusion [38] and in more than 5% in pediat-
ric patients with deformities due to cerebral palsy [109]. In the study by Szoke et
al. [109], all superficial infections were treated successfully by antibiotics and
local wound care. To prevent a superficial infection, pressure to the skin must be
avoided, and also the use of electrocoagulation for skin dissection may increase
the risk. Before systemic antibiotic administration, a culture should be taken by

Deep biopsies provide

a more reliable result

than a swab

a swab or better a deep biopsy. Treatment depends on the cause. A widespread
infection, especially erysipelas, is treated by antibiotic administration. Fre-
quently, excision of the wound, mobilization of the skin and re-sutures are the
best way to achieve early healing.

Deep Infection

Deep infections occur in 2.4% of spinal fusions [38], and more than 4% in pedi-
atric patients with deformities due to cerebral palsy [109], and are treated by
debridement, irrigation or hardware removal. Early debridement is especially
recommended after instrumented fusion, when clear signs of deep infection are
found. Otherwise, biofilm-forming bacteria (staphylococci) can only be elimi-
nated by implant removal. Implant removal of long posterior instrumentations
and subsequent use of a brace causes loss of correction [92]. Reinstrumentation Titanium implants are less

susceptible to infections

and can be left in situ after

debridement

in a single stage intervention reduces this risk [80]. Titanium implants appear to
be less susceptible to infection than stainless steel implants and can remain in
place if a radical debridement of the wound is performed.

Spondylodiscitis

Spondylodiscitis may occur after discography and intradiscal procedures. A
dural abscess may develop. Fever and severe back pain or neck pain can arise in
the first postoperative days. Persistent or increasing back pain after intradiscal
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procedures with or without increased infectious parameters should prompt the
suspicion of a discitis. Incidence is less than 1% [46, 53, 96, 98]. MRI is the imag-
ing modality of choice. Subsequent to a biopsy to determine the germ, systemic
antibiotic treatment is usually sufficient. Even an epidural abscess without neu-
rological symptoms can be treated this way. A psoas abscess or a paraspinal
abscess can be drained after percutaneous puncture either under ultrasound or
CT guidance. Outcome is usually good but about 50% progress to spontaneous
interbody fusion [76]. Open surgical treatment follows the rules outlined in
Chapter 36 .

Persistent Wound Drainage

Rule out infection in case of

persistent wound drainage

The cause of this is either infection or a seroma. Ultrasound or other imaging
methods can be used for differentiation. Low serum albumin concentration can
contribute as well but it is debatable whether substitution of albumin is helpful.
Treatment options for postoperative seromas and persistent drainage include
observation for spontaneous resolution, external compression by bandages, and
wound revision with the aim of closing an empty space. Frequent wound disin-
fection and proper wound dressing diminish the risk of secondary infection.

Cerebrospinal Fluid Fistula

Small leaks often cause

more problems than large

defects

In the case of wound drainage, a CSF leak must be excluded. The diagnosis of a
CSF leakage does not cause diagnostic problems if a clear fluid drainage is seen.
In unclear cases, the glucose concentration can be determined (50–80 mg/
100 ml), which is much higher than in a seroma. The CSF production is about
500 ml/day and drainage can therefore be considerable. Intermittent CSF loss
causes neck stiffness (in 83%), headache (87%), nausea, and dizziness. Headache
will get worse in the upright position, and is ameliorated in the supine position.
This so-called hypoliquorrhea syndrome (Case Introduction) is most often
observed in small lesions which form a valve mechanism and hardly ever occur
with large defects.

The principles of treatment have been outlined above. In uncomplicated cases,
a simple stitch over the part of the wound where the CSF is leaking suffices. Pro-
phylaxis with antibiotics which pass the blood-brain barrier are recommended
until wound secretion has stopped and all drains are removed.

Vascular Complications

Postoperatively or after angiographic interventions, the arteries have to be moni-
tored. In arteries supplying the legs, a pulse oximeter can be used for monitoring,
and the leg compartments have to be controlled as well. Arterial thrombosis
should be managed as an absolute emergency case.

Postoperative Venous Thrombosis

In a recent review by Baron and Albert [5], the rate ranged between 0.3% and 1%
with the exception of a single study on a small sample size. In a Japanese study
containing 3499 patients, it was only 0.1% [85]. In neurosurgical procedures in
2643 patients and by use of duplex ultrasound scanning, the rate was 6%, 8% in
craniotomy and 1.5% in cervical and lumbar spine procedures. Of these, 90%
had malignant neoplasms, and 70% had lower-extremity neuromotor dysfunc-
tion [36]. Epstein [32] concluded that low molecular weight heparin should be
recommended for prevention, but its use must be weighed against the risk of
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hemorrhage. The duration of prophylaxis remains unclear. Our recommendation
is to administer a thromboembolic prophylaxis during the hospital stay and in
high risk patients (tumors, paralysis). If a venous thrombosis is suspected (swol-
len leg, pain), duplex ultrasound is recommended. Treatment is the administra-
tion of LMWH and compression stockings for at least 3 months.

Pulmonary Problems

Pulmonary Embolism

The rate of fatal lung

embolism after spinal

surgery is very low

Fatal long embolism is extremely rare. According to the Morbidity and Mortality
Report of the Scoliosis Research Society [21], the rate of fatal pulmonary embo-
lism (PE) is 0.02%. The true rate of non-fatal PE may be underestimated because
of a subclinical course. The rate may vary between 0.5% (posterior surgery) and
6% (combined anterior/posterior surgery) for adult spinal surgery [23]. Typical
signs of PE are:

) chest pain
) pulse acceleration
) insufficient oxygenation

Diagnosis of central pulmonary embolism is made by multi-slice CT scan, and
treatment is usually by high dose low molecular weight heparin.

Pneumonia

The incidence of pneumonia after spinal interventions for adult spinal deformity
correction ranges between 1% and 3.6% [5]. Antibiotic treatment is usually suf-
ficient. Overdosage of opioids in elderly patients can result in aspiration pneu-
monia. A progression of pneumonia to an adult respiratory distress syndrome
(ARDS) is very rare but can be lethal.

Gastrointestinal Problems

Postoperative Bowel Atonia

A large retroperitoneal

hematoma increases the risk

of a paralytic ileus

Bowel atonia is a common problem after anterior lumbar approaches and usually
lasts for 3–5 days. A large retroperitoneal hematoma and a low serum potassium
level increase the risk of paralytic ileus. Symptoms are abdominal pain and vomi-
ting. Prevention includes minimal invasiveness of the intervention, early oral
feeding [95, 100], peroral fluids on the day of surgery, restriction of intravenous
fluid substitution to 2000 ml, and early mobilization of the patient. There is no
evidence that feeding has to be stopped until bowel movement has started. Treat-
ment is by replacing opioid treatment by NSAIDs. Colon stimulating laxatives
based on bisacodyl and magnesium are recommended, but there are no prospec-
tive trials to support this recommendation. The intravenous administration of
metoclopramide or cholinesterase inhibitors (distigmine bromide, pyridostig-
mine bromide) has shown no effect on reducing the duration of postoperative
ileus in any of the prospective studies [17].

Cast Syndrome/Superior Mesenteric Artery Syndrome

Cast syndrome may result

from kyphosis correction

and must not be missed

After correction of a deformity, especially after correction of kyphosis, the
ascending duodenum may be compressed between the stretched aorta and the
superior mesenteric artery. The patient vomits after swallowing food. Under-
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weight patients are at higher risk [22, 105]. Causal treatment is reduction of the
correction. This is usually not required. The symptoms will ameliorate within
weeks and with intravenous hyperalimentation. In rare cases, duodenojejuno-
stomy will be required.

Urogenital Complications

Urinary Tract Infection

Check for bladder residual

urine

The most frequent urogenital complication is a simple urinary tract infection
(UTI), which can occur in up to 9% of patients [5]. Ascending infection with
pyelonephritis or sepsis is rare. These complications can be minimized when
perioperative catheterization is used only when absolutely indicated. On the
other hand, incomplete bladder emptying also increases the risk of infection.
Ultrasonography is very helpful in estimating the residual urine amount, which
should be less than 100 cc.

Postoperative Anuresis

Check perianal sensation

in postoperative anuresis

In the immediate postoperative period, patients often have difficulty in urinat-
ing. The most frequent cause is the inability to empty the bladder in a lying posi-
tion. However, anal tone and sensation must be controlled to rule out a cauda
equina syndrome. Early mobilization solves this problem. If this is not possible,
catheterization is necessary to avoid bladder overdistension.

Urinary Bladder Dysfunction

After anterior surgery, a bladder dysfunction can result from an injury to the
parasympathetic presacral nerves especially at the level of L5/S1. This complica-
tion can perhaps be reduced by a retroperitoneal approach, where the sympa-
thetic and parasympathetic fibers located close to the peritoneum in the bifurca-
tion of the vessels are left intact [34].

Retrograde Ejaculation

Initial reports have perhaps underestimated the problem. A survey of 20 sur-
geons in 1984 reported 0.42% retrograde ejaculation and 0.44% impotence fol-
lowing anterior lumbar spine fusion [37]. The more thoroughly studies were
undertaken, the higher (2–4%) was the reported incidence [8, 11, 99]. It seems
that the problem is mainly approach related, with the incidence being much
higher in transperitoneal than in retroperitoneal approaches to the lumbar spine.

This complication is most

likely more common

than reported

Recently, in anterior lumbar interbody fusion the rate was 2% in retroperitoneal
and 13% in transperitoneal cases [99]. A lesion of the hypogastric plexus must be
avoided during approaches to the lumbar spine. The plexus is located in front of
the vessel bifurcation, close to the peritoneum. In transperitoneal approaches,
the plexus is split directly under the peritoneum. Retroperitoneal approaches
allow for preparation behind the vessels, so the plexus can be preserved. The
restrictive use of bipolar cauterization may reduce the risk.
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Recapitulation

Frequency of complications. Complication rates of
spinal procedures are dependent on the type of
surgery, spinal pathology, the experience of the sur-
geon and confounding factors such as age and co-

morbidities. The most frequent complications of
cervical surgery are infection (1.6%) and Horner’s
syndrome (1.1%) as well as neurologic deteriora-
tion (3.3 %) in cervical myelopathy. In anterior spinal
surgery, death and paraplegia are encountered in
0.3 – 0.4 % and 0.2 – 0.4 %, respectively. The overall
complication rate for posterolateral fusion is about
6% and is dependent on the age of the patient. Im-

plant related neurological compromise and post-

operative wound infection are among the most
frequent complications.

Preventive measures. The best treatment for com-
plications is their avoidance. Important measures to
prevent complications are the screening for risk fac-
tors such as past history of thromboembolic com-

plications, previous postsurgical infections, previ-

ous surgery, malnutrition, cardiovascular disease,
COPD, smoking, and medications (e.g., NSAIDs).
Detailed preoperative planning including potential
salvage strategies is mandatory to minimize the risk
of complications. A profound knowledge of the sur-

gical anatomy is indispensable. Correct patient po-
sitioning reduces blood loss. Neuromonitoring is a
must in cases in which deformity correction is at-
tempted.

Approach-related complications. The superior

and recurrent laryngeal nerve and the cervical ar-
teries are at risk when performing an anteromedial
cervical approach. Lung lacerations and injuries to
the thoracic vessels may occur when a thoracotomy
is done. Pulmonary artery lesions are very chal-
lenging to repair even for very experienced thoracic
surgeons. Postoperative pneumothorax and he-

matothorax can be avoided by proper drainage. A
chylothorax can become a life-threatening prob-
lem and requires temporary parenteral nutrition. A
thoraco-lumbar approach may jeopardize the liver
and spleen. Venous and arterial injuries may occur
with abdominal approaches and require adequate

repair and aftertreatment. Bowel and urethral inju-

ries are rare but must not be overlooked.

Procedure-related complications. Excessive epi-

dural bleeding is a frequently encountered prob-
lem during posterior decompressive surgery and
can be reduced with correct patient positioning.
Nerve root injuries subsequent to posterior Instru-
mentation can be minimized with proper training
and experience. Unintended durotomy is not infre-
quent in cases with severe spinal canal stenosis,
and direct repair is recommended whenever pos-
sible. Distraction during deformity correction is
prone to neurological compromise and must be
avoided. Hypotensive surgery should be avoided
when correcting severe spinal deformity. Reduc-

tion of high-grade spondylolisthesis jeopardizes
the L5 nerve root and complete reduction should
therefore be avoided.

Postoperative complications. Postoperative moni-
toring must include blood loss, neurological and
vascular status. Continuous postoperative bleed-

ing is a frequent problem particularly after posteri-
or revision surgery and spinal osteotomies. This
problem can be minimized with proper intraopera-
tive hemostasis and timely blood and factor substi-
tution. Persistent wound drainage is indicative of
infection or malnutrition. A hypoliquorrhea syn-

drome only occurs with tiny leaks not discovered
intraoperatively and which most often need to be
repaired. Postoperative vascular complications are
rare but may be detrimental if overlooked, particu-
larly large vessel injuries with continuous bleeding
or arterial thrombosis. Pulmonary complications

can be minimized with proper preoperative respira-
tory treatment. The duration of postoperative

bowel atonia can be reduced by avoiding extensive
opioid treatment and alternatively using postoper-
ative peridural anesthesia. Urinary tract infections

are not infrequent and routine catherization for
short surgeries should be avoided. The rate of retro-
grade ejaculation (2–13%) is more frequent than as-
sumed and can be reduced by avoidance of cauter-
ization of the pre-discal vessels.
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Key Articles

Baron EM, Albert TJ (2006) Medical complications of surgical treatment of adult spinal
deformity and how to avoid them. Spine 31:S106–18
Recent extensive review of complications in adult spinal surgery.

Bungard TJ, Kale-Pradhan PB (1999) Prokinetic agents for the treatment of postopera-
tive ileus in adults: a review of the literature. Pharmacotherapy 19:416–423
A good description of how to treat postoperative bowel atonia. The different pharmaceu-
tical options are discussed.

Coe JD, Arlet V, Donaldson W, Berven S, Hanson DS, Mudiyam R, Perra JH, Shaffrey CI
(2006) Complications in spinal fusion for adolescent idiopathic scoliosis in the new mil-
lennium. A report of the Scoliosis Research Society Morbidity and Mortality Commit-
tee. Spine 31:345–9
Review of complications in 6334 patients undergoing surgery for adolescent idiopathic
scoliosis.

Flinn WR, Sandager GP, Silva MB Jr, Benjamin ME, Cerullo LJ, Taylor M (1996) Prospec-
tive surveillance for perioperative venous thrombosis. Experience in 2643 patients.
Arch Surg 131:472–480
An excellent study of all aspects of thrombosis and pulmonary embolism in spine sur-
gery. The article demonstrates the relatively low risk of venous thrombosis in comparison
to orthopedic procedures like arthroplasty of large joints.

Faciszewski T, Winter RB, Lonstein JE, Denis F, Johnson L (1995) The surgical and medi-
cal complications of anterior spinal fusion surgery in the thoracic and lumbar spine in
adults. A review of 1223 procedures. Spine 20:1592–1599
This article is a good overview of the incidence of complications of anterior deformity
surgery. The overall estimation of the risk is perhaps too optimistic. Therefore the article
by Leung and Grevitt (2005) cited below is recommended in addition to achieve a more
balanced view.

Fritzell P, Hagg O, Nordwall A; Swedish Lumbar Spine Study Group (2003) Complica-
tions in lumbar fusion surgery for chronic low back pain: comparison of three surgical
techniques used in a prospective randomized study. A report from the Swedish Lumbar
Spine Study Group. Eur Spine J 12:178–189
An overview of all aspects of complications in lumbar fusion, showing a high increase of
complications with instrumentation and further with 360° fusion. In the further course,
several articles were published by the same authors, showing fewer complications like
pseudoarthrosis in the midterm with instrumented 360° fusion.

Inamasu J, Guiot BH (2005) Iatrogenic vertebral artery injury. Acta Neurol Scand
112:349–357
This article describes all iatrogenic causes of vertebral artery lesions, including percuta-
neous puncture, treatment options and outcome.

Jansson KA, Nemeth G, Granath F, Blomqvist P (2004) Surgery for herniation of a lum-
bar disc in Sweden between 1987 and 1999. An analysis of 27576 operations. J Bone Joint
Surg Br 86:841–847
This is the best casuistry on complications of surgery for disc herniation. A remarkable
mortality of 0.5% was found in the first 30 days after surgery, which was clearly associ-
ated with increased age.

Kraemer R, Wild A, Haak H, Herdmann J, Krauspe R, Kraemer J (2003) Classification
and management of early complications in open lumbar microdiscectomy. Eur Spine J
12:239–246
This review article gives a good overview of complications after lumbar microdiscectomy,
with recommendations on treatment.

Lapp MA, Bridwell KH, Lenke LG, Baldus C, Blanke K, Iffrig TM (2001) Prospective ran-
domization of parenteral hyperalimentation for long fusions with spinal deformity: its
effect on complications and recovery from postoperative malnutrition. Spine 26:809–817
This paper emphasizes the importance of sufficient alimentation in avoiding periopera-
tive spinal complications.
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Key Articles

Leung YL, Grevitt M, Henderson L, Smith J (2005) Cord monitoring changes and seg-
mental vessel ligation in the “at risk” cord during anterior spinal deformity surgery.
Spine 30:1870–1874
A valuable article for identification of patients at risk of paraplegia.

Timberlake GA, Kerstein MD (1995) Venous injury: to repair or ligate, the dilemma
revisited. Am Surg 61:139–145
An article on 322 venous lesions, treatment options and the sequelae.

Oderich GS, Panneton JM, Hofer J, Bower TC, Cherry KJ Jr, Sullivan T, Noel AA, Kalra M,
Gloviczki P (2004) Iatrogenic operative injuries of abdominal and pelvic veins: a poten-
tially lethal complication. J Vasc Surg 39:931–936
This article reports a high mortality rate after venous lesions and should be read in con-
junction with the article by Timberlake et al.
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40
Outcome Assessment
in Spinal Surgery

Mathias Haefeli, Norbert Boos

Core Messages

✔ The evaluation of treatment modalities for spi-
nal disorders by self-administered question-
naires has entered into clinical practice

✔ Functional and psychosocial aspects often
exhibit a closer correlation with fair or poor
outcome after spinal surgery than organ-spe-
cific symptoms and morphological alterations
and must therefore be evaluated in outcome
research

✔ The main subjects addressed by outcome tools
are pain, disability, health-related quality of life
and work status

✔ For more thorough investigations, psychosocial
aspects, work-related parameters and fear
avoidance behavior should additionally be
assessed

✔ There are several standardized and validated
questionnaires available

✔ Current research is trying to facilitate data
assessment by developing short but reliable
instruments

General Concepts of Outcome Assessment

The evaluation of treatment modalities in spinal orders by self-administered
assessment tools has become standard in most institutions. In many fields of
medicine and particularly in spinal surgery, it has become evident that treatment
outcome is influenced by a large variety of non-morphological factors [100]. Psy-
chosocial aspects and work-related factors often exhibit a higher predictive value
than pathomorphological and surgical aspects [47]. Therefore, it has become
apparent that a meaningful outcome assessment should consider most of these
confounding variables, which, however, is not always possible to achieve in a
busy clinical practice. The minimal data set that should be collected consists of:

) pain
) disability
) quality of life
) work status

Several criteria should be considered when data assessment is performed by self-
rating questionnaires:

) comparability
) validity
) availability
) scale characteristics

When a comparison between treatment groups is chosen in a study, the criteria
of comparability of a questionnaire must be defined. If the results are to be com-
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pared with a control group out of the literature, an identical questionnaire must
be used.

Validity [2] is the degree to which an instrument measures what it is intended
to measure. It is the most important quality of a questionnaire and there are dif-
ferent types of validity. A questionnaire ideally should fulfill:

) content validity, i.e. the extent to which the instruments include the domain
of the target phenomenon
) criterion validity, i.e. extent of agreement when comparing with a “gold

standard”
) construct validity, i.e. extent to which the instrument corresponds to theo-

retical concepts of the target phenomenon

Most of the questionnaires are developed for the English language. If these tools
are used in non-English speaking countries, these versions should ideally be
translated and validated first for the used language (availability). Several rules
should be considered in this process of cross-cultural adaptation [13]. According
to this, such a process should start with at least two forward translations into the
target language. In a second step a synthesis of the two translations should be
done before performing at least two back translations in the next step. After a
consolidation of all versions of the instruments resulting from the first three

Table 1. Outcome tools in spinal surgery

Topic Tool Available languages
(validated versions only)

Pain VAS/GRS/NRS/VRS

Disability RMDQ English [131]
French [38]
German [156]
Greek [24]
Portuguese [115]
Spanish [88]
Swedish [82]
Turkish [90]

ODI English [50]
Finnish [63]
French [157]
German [11, 101, 102]
Greek [24]

NASS-Q English [39]
German [123]
Italian [119]

FAQH German [86]
NDI English [145]

French [157]
Swedish [3]

NPDI English [154]
French [157]
Turkish [20]

Quality of life WHOQOL-100/-Bref www.who.int
SF-36/-12/-8 www.sf36.com
EQ-5D www.euroqol.org
SRS-22/-30 English: www.srs.org

Spanish [10]

Fear avoidance behavior FABQ English [149]
German [121, 138]

Core item tools Low back pain English [41]
German [99]

Neck pain English [155]
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steps by an expert committee, a testing of the instrument and further refine-
ments have to be done.

A questionnaire should

be comparable, valid

and comprehensive

Since there are many aspects influencing outcome of spinal surgery, a well
designed questionnaire will include different standardized and validated tools to
cover these different fields (scale characteristics).

A broad range of outcome tools are available (Table 1), of which only a limited
number are frequently used. In the following, the most important questionnaires
in the field of spinal surgery are briefly discussed including pain assessment, dis-
ability, quality of life and work assessment. Presented in regard to their strengths
and weaknesses and their best feasible clinical setting, this survey should enable
the best possible decision when searching for a self-administered assessment tool
in spinal surgery.

Pain

General Aspects

The objective assessment

of pain for outcome research

remains controversial

Back pain is one of the most frequent reasons for spinal surgery and therefore
pain relief is the major aim in the vast majority of cases. Pre- and postoperative
assessment of pain and pain relief serves to evaluate the effectiveness of a specific
therapy [68]. However, some important findings of the past two decades of
research have to be kept in mind when the gathering and interpreting of such
data is intended. As perception of pain may differ within a time period, recent
studies have mentioned that it is more valuable to ask patients to rate their
“usual” pain on average over a past short period of time, e.g. 1 week, than to ask
for “current” pain at the specific time of completion of the questionnaire [21, 22,
147]. Posing such questions relies on the assumption that patients are able to
accurately recall their pain levels in a past period of time. Whether or not this is
reliable is controversial. Whereas some studies find it unreliable to assess pain
retrospectively [40, 94–96], others report acceptable levels of validity up to a
3 months recall period [21, 139, 146]. It has been found that pain is usually over-
estimated when the actual intensity of pain is higher and underestimated when it
is lower [30, 45, 94–96]. Moreover, Haas et al. [66] found that pain and disability
recall became more and more influenced by present pain and disability during a
period of 1 year while the influence of actual relief and pain and disability report-
ing at the initial consultation decreased. On the other hand, Von Korff et al. [146]
stated that recall of chronic pain in terms of its average intensity, interference
with activities (disability due to pain), number of days with pain and number of
days with activity limitation, leads to acceptable validity levels.

Short time periods of pain

recall are superior to current

pain assessment

When assessing pain in the context of a spinal intervention, it is necessary to
use some kind of pain recall when not using “current pain” as the test parameter
as discussed above. Based on the literature, it is justifiable to use short time peri-
ods of pain and disability recall for comparison of patients’ pain status. The inter-
pretation of whether or not a statistically significant change in pain corresponds
to a significant clinical change remains challenging and requires further research
[12]. Similarly, the definition of a threshold for a significant clinical change needs
to be explored.

Pain Duration

There are different definitions of chronic back pain. Nachemson et al. [112]
defined it in 1984 as a period of at least 3 months with persistent pain. Von Korff
et al. [147] defined it in 1996 as back pain which has to be present on at least half
of the days during 1 year. Raspe et al. [127] investigated 40 epidemiological/ther-
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apeutic studies between 1998 and 2000 with regard to the definitions of chronic
back pain that were used. Finding periods between 4 weeks and more than 1 year
of persistent pain, he showed that there is no consensus about this definition.

Pain Affect

The experience of pain

is subjective, complicating

an objective assessment

Pain can be described in terms of the intensity but also in terms of its effect on the
individual. Pain intensity describes how much a patient is in pain, whereas pain
affect describes the “degree of emotional arousal or changes in action readiness
caused by the sensory experience of pain” [146]. It has been shown that pain
intensity may quite easily be described by most patients and that different meth-
ods of measuring pain intensity showed high intercorrelation [80, 81]. Contrary
to these findings, alternative methods of pain affect assessment did not intercor-
relate as highly as those of pain intensity, making the utilization of this part of
pain characterization more complicated [109, 110].

Instruments

Visual Analogue Scale (VAS)/Graphic Rating Scale (GRS)

A visual analogue scale

(VAS) consists of a straight

line with endpoints

The VAS consists of a straight line with the endpoints defining extreme limits
such as “no pain at all” and “pain as bad as it could be” (Fig. 1) [2]. The patient is
asked to mark his or her pain level on the line between the two endpoints, the dis-
tance between “no pain at all” and the mark defining the subject’s pain. This tool
was first used in psychology by Freyd in 1923 [56].

A graphic rating scale (GRS)

adds descriptive terms

or a numerical scale

A GRS additionally uses descriptive terms such as “mild”, “moderate”,
“severe” or a numerical scale (Fig. 2) [2]. A line length of 10 or 15 cm showed the
smallest measurement error compared to 5 and 20 cm versions and seems to be
most convenient for respondents [135].

Scott and Huskisson demonstrated that the configuration of a graphic rating
scale may influence the distribution pattern of the answers [134]. Moreover, they
showed that the experience of patients with this tool influenced the outcome.
While patients who had no experience with a graphic rating scale with numbers
of 1–20 underneath the line showed a preference for the numbers 10 and 15, sub-

Figure 1. Visual analogue scale (VAS)

Figure 2. Examples of graphic rating scales (GRS)

1126 Section Outcome Assessment



jects who were experienced in the use ignored the numbered scale and showed
no preferences and, therefore, a nearly uniform distribution of the answers. Ana-
logue observations were made with descriptive terms. In several studies, VAS and
GRS have demonstrated to be sensitive to treatment effects [80, 83, 89, 135]. They
were found to correlate positively with other self-reporting measures of pain
intensity [80, 89]. In addition, differences in pain intensity measured at two dif- VAS indicate real differences

between measurements

at two points of time

ferent points of time by VAS represent the real difference in magnitude of pain,
which seems to be the major advantage of this tool compared to the others [125,
126].

Mechanical visual analogue

scales are easy to handle

As the distance between “no pain” and the patient-made mark has to be mea-
sured, scoring is more time consuming and susceptible to measurement errors
than a rating scale for example. Hence, a mechanical VAS has been developed
where subjects position a slider on a linear pain-scale instead of marking a cross
on a drawn line. Several studies have shown this system to be strongly associated
with the original VAS [36, 62]. Moreover, it has been shown that a mechanical
VAS exhibits a good test-retest reliability and appears to have ratio qualities
[146].

Besides the disadvantage mentioned above, the VAS seems to be more difficult
to understand than other measurement methods and, hence, more susceptible to
misinterpretations or “zero values”. This is particularly true in elderly patients
[37, 80, 89]. In conclusion, the VAS, mechanical VAS and GRS are valuable instru-
ments for assessment of pain intensity and changes due to therapy when respon-
dents are given good instructions and one bears in mind the limitations [37, 134].

Numerical Rating Scale (NRS)

When using an NRS, patients are asked to circle the number between 0–10, 0–20
or 0–100 that best fits their pain intensity [2]. Zero usually represents “no pain at
all” whereas the upper limit represents “the worst pain ever possible”. In contrast
to the VAS/GRS, only the numbers are valuable answers, meaning that there are
only 11 possible answers in a 0–10, 21 in a 0–21 and 101 in a 0–100 point NRS.
The NRS allows a less subtle distinction of pain levels compared to VAS/GRS,
where there is theoretically an unlimited number of possible answers.

The NRS allows less subtle

distinction of pain levels

compared to VAS and GRS

The NRS has shown high correlations with other pain assessment tools in sev-
eral studies [80, 89]. The feasibility of its use and good compliance have also been
proven [37, 52]. As it is easily possible to administer NRS verbally, it can be used
in telephone interviews [146]. On the other hand, results cannot necessarily be
treated as ratio data as is possible in VAS/GRS [124].

Verbal Rating Scale (VRS)

In a verbal rating scale, adjectives are used to describe different levels of pain [2].
The respondent is asked to mark the adjective which fits best to the pain inten-
sity. Also in the VAS two endpoints such as “no pain at all” and “extremely intense
pain” should be defined. Between these extremes different adjectives are placed
which describe different pain intensity levels. Mostly, 4- to 6-point VRS are used
in clinical trials. A different form of VRS is the behavioral rating scale, where dif-
ferent pain levels are described by sentences including behavioral parameters
[32].

Verbal rating scales are less

suited to assessing changes

in pain intensity and

interindividual comparisons

As well as VAS, VRS have been shown to strongly correlate with other pain
assessment tools [80, 89, 118]. Compared to other instruments, respondent’s
compliance is often as good or even better even though subjects must be familiar
with reading the entire list before answering [37, 80]. However, due to the limited
number of possible response categories some patients may have problems defin-
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ing which answer fits best to their pain situation. Moreover, the intervals between
different adjectives describing pain may not be equal or may be interpreted dif-
ferently by respondents. Thus, interpretation of a VRS does not allow conclusions
to be drawn on the magnitude of a change in pain intensity between two assess-
ments, for example, pre- and postoperatively, and interrespondent comparison is
problematic.

Disability

General Aspects

Back and neck problems often lead to disability in daily activities due to pain or
deformity. Several tools have been developed in respect of this aspect of spinal
disorders. In the field of low back pain the most commonly used questionnaires
are the Roland & Morris Disability Questionnaire (RMDQ) and the Oswestry
Disability Index (ODI). Both are available in several languages and have proven
good internal consistency and test-retest reliability [76, 130, 141]. The North
American Spine Society Lumbar Spine Outcome Assessment Instrument (NASS
LSO) and the Hannover Functional Ability Questionnaire (HFAQ) are two other
disability questionnaires, the latter only existing for the German language. In the
field of neck pain the Neck Disability Index (NDI) [145] and the Neck Pain and
Disability Index (NPDI) [154] are the most commonly used tools.

Instruments

Roland & Morris Disability Questionnaire (RMDQ)

This tool was developed by Roland and Morris in 1983 [131]. It is frequently used
and has been validated for the English, French [38], Swedish [82], German [49,
156], Turkish [90], Spanish [88], Portuguese [115], Japanese [142], Norwegian
[64] and Greek [24] languages. Twenty-four questions from the Sickness Impact
Profile (SIP) [17] were selected and added with the phrase “because of my back”,
leaving it open whether an impairment is due to pain or disability. The answering
possibilities are dichotomous (yes/no) and, therefore, filling in the questionnaire
requires little time and is easy to do. On the other hand, this might leave subtle
changes in the abilities unrecognized. In contrast to the ODI, sex life is not
included, and similar to the ODI neurological leg deficits are not addressed.

The RMDQ is more sensitive

than the ODI in detecting

changes over time

Compared to the ODI, the RMDQ is regarded as being more sensitive in
detecting changes over time [19, 76, 140]. This is especially true in patients with
minor disabilities. For patients with severe disabilities the RMDQ seems to per-
form worse than the ODI [19, 130]. Internal consistency has been shown to be
equal [91, 129] or slightly superior to the ODI [76, 87].

Oswestry Disability Index (ODI)

This tool was developed by Fairbank et al. [50] in 1980. It is used frequently and
has been validated in English, German [11, 101, 102], Danish [98], Finnish [63],
Norwegian [64], French [43], and Greek [24]. It contains ten items about pain
level and interference with physical activities, sleeping, self-care, sex life, social
life and traveling. Each question offers six answers, which allows the assessment
of subtle differences of disability.The ODI performs better

in patients with severe

back-related disability

than the RMDQ

In contrast to the RMDQ, respondents are only given an introduction, which
points out that the questionnaire is about back pain, instead of being reminded in
every question about the main topic. This might lead to misunderstanding if
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patients are suffering from pain of different origin. Other differences between the
ODI and the RMDQ are described above.

NASS Questionnaire

The NASS is based on the

ODI, the SF-36 and the

Health Survey Questionnaire

This questionnaire was designed by the North American Spine Society in the
early 1990s [39]. Validated German [123] and Italian [119] versions are available.
It is based on the ODI, from which a selection of items was adopted and adapted.
Questions from the SF-36 and the Health Survey Questionnaire were added to
allow the assessment of a broad patient profile.

Hannover Functional Ability Questionnaire (HFAQ)

The back pain version of the HFAQ belongs to a series of self-administered ques-
tionnaires about functional limitations in the daily life of patients suffering from
musculoskeletal disorders [86]. It consists of 12 questions about abilities in daily
activities such as lifting a heavy item. Each ability must be graded by “yes”, “yes,
but with trouble” or “no, or only with help”. The HFAQ has been frequently used
in German-speaking areas.

The HFAQ has been compared with different other disability questionnaires.
Roese et al. [129] found it to be as feasible, practicable, valid and reliable as the
RMDQ. Haase et al. [67] compared it with the physical functioning domain of the
MOS SF-36 in a rehabilitation collective. In 4.3% of all respondents, they found
confusion with positive and negative ratings in the SF-36 subscale, while no simi-
lar problems could be detected in the HFAQ, and it was argued that the SF-36
seems to be more valuable for use in the ambulant medical sectors than in a reha-
bilitation setting. Finally, Schochat et al. [133] compared it with the NASS ques-
tionnaire in a rehabilitation collective and found high correlations indicating
high concurrent validity. However, both questionnaires were not able to detect
changes in the “impairment” domains after a 3-week period, again indicating

The HFAQ is more

applicable for short-term

outcome researchthat these instruments might be more suitable in short-term outcome research
than in the field of rehabilitation.

Neck Disability Index (NDI)

The NDI is a ten-item questionnaire derived from the ODI [145]. It is designed to
assess neck pain and disability and consists of ten six-point Likert scales covering
the following ten sections: Pain intensity, Personal care (washing, dressing, etc.),
Lifting, Reading, Headaches, Concentration, Work, Driving, Sleeping, Recreation.
Each question is rated from zero to five points, allowing a maximum of 50 points.
The score achieved by the patient is divided by the maximum possible and multi-
plied by 100 to get a percentage score of the possible total. If one section is missed,
the maximum score of 50 points is reduced by 5 points.

The NDI assesses neck pain

and related disability by ten

six-point Likert scales

The NDI has been used in different populations and has been validated against
multiple measures of function and pain [122]. Besides the original English ver-
sion, a validated form for the French [157] and Swedish [3] languages is available.

Neck Pain and Disability Index (NPDI)

The NPDI was introduced in 1999 and consists of 20 VAS items assessing neck
pain and linked disability [154]. Each VAS ranges from zero (normal function)
to five (worst possible situation). It is divided into four sections: Neck problems,
Pain intensity, Effect of neck pain on emotional and cognitive status, Interference
of neck pain with daily activities.
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The NPDI responds well

to changes in neck pain

and disability

It was found to show high internal consistency [154] and proved to have high test-
retest reliability and a good response to changes in pain perception following
treatment [61]. Besides the original validated English version, validated Turkish
[20] and French [157] forms are available.

Quality of Life

General Aspects

The assessment of quality

of life is related to health

The Constitution of the World Health Organization (WHO) defines quality of life as:
“individuals’ perception of their position in life in the context of the culture
and value systems in which they live and in relation to their goals, expecta-
tions, standards and concerns. It is a broad ranging concept affected in a com-
plex way by the person’s physical health, psychological state, level of indepen-
dence, social relationships, personal beliefs and their relationship to salient
features of their environment”.

Consequently, not only the WHOQOL questionnaires but also the MOS SF-
36/-12/-8 and the EuroQol questionnaires cover these general aspects, usually
integrating them into a physical and mental health score without addressing dis-
ease specific parameters. In the field of spinal surgery, these tools are mainly used
in combination with disease-specific pain and disability questionnaires.

Julious et al. [84] and Roset et al. [132] stated that sample sizes should always
be calculated to allow the opportunity to detect changes at a pre-set level of statis-
tical significance when planning a trial with health related quality of life (HRQL)
instruments. However, only a small amount data is to be found in the literature
on this topic. They published guidelines for calculating sample sizes for the use
with the SF-36 [84] and for the use with the EQ-5D [132], respectively.

The Psychological General Well Being Index (PGWBI) focuses on psychologi-
cal and psychosocial aspects and therefore may not be considered to be an all-
embracing tool to assess quality of life. However, as psychological aspects com-
prise an important part of the quality of life, it will be described in this section.

Instruments

WHOQOL-100/WHOQOL-Bref

The WHO Quality of Life instruments have been developed with the intention of
creating questionnaires that allow quality of life to be assessed as outlined above.
Moreover, the aim was to evolve an international tool in several culturally diverse
settings to simplify cross-cultural comparisons. To achieve this, 15 so-called

The WHOQOL instruments

assess health-related

quality of life

Field Centers all over the world were involved in every stage of instrument devel-
opment and further centers participated in the field testing [65].

The WHOQOL-100 consists of 100 questions referring to six domains [65]:
Physical domain, Psychological domain, Level of independence, Social relation-
ships, Environment, Spirituality/religion.

Each question has a five-point answering scale. For each domain a separate
score is computed and transformed to a scale with a maximum of 100 points. It is
obvious that such an extensive questionnaire is not practicable in a clinical set-
ting where quality of life is only one part beside the more disease specific ones to
be assessed. The evaluation of the data gathered with the WHOQOL-100 showed
that the six domains may be grouped into four domains: Physical domain, Psy-
chological domain, Social relationships, Environment.

Consequently, a core questionnaire consisting of 24 items was built and field
tested in 17 centers with approximately 300 respondents each [1]. It was con-
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cluded that this WHOQOL-Bref questionnaire showed validity and reliability
and, thus, would be interesting for use in clinical trials. Meanwhile, the WHO-
QOL-Bref has been translated into and validated for further languages [53, 72, 79,
108, 114, 158]. It has been used in several recent studies in different fields of med-
icine: psychiatric disease [6, 42, 75, 85, 93, 113, 144, 150], geriatrics [60, 79], can-
cer [77, 159], liver disease [116] and HIV infection [35, 51]. In the field of muscu-
loskeletal disorders it has been used in three studies [25, 69, 111]. The extensive
validation procedures and translation into nearly 20 languages make the WHO-
QOL-Bref an interesting instrument for the future. Further detailed information
is available from www.who.int.

MOS SF-36/SF-12/SF-8

The SF-36 is widely used for

the assessment of health-

related quality of life

The SF-36 was developed in 1992 by Stewart and Ware as a short form of the ques-
tionnaires used in the Medical Outcomes Study (MOS) [152]. It consists of 36
items, most of which have their roots in established instruments such as the Gen-
eral Psychological Well-Being Index (PGWBI) [44], the Health Perceptions Ques-
tionnaire [153] and other tools which have proved to be useful during the Health
Insurance Experiment (HIE) [27]. Eight scales are built to describe quality of
life: Physical functioning, Physical role (problems with work or other daily activ-
ities due to physical health), Bodily pain, General health, Vitality, Social func-
tioning, Emotional role (problems with work or other daily activities due to emo-
tional problems), Mental health.

The results of these scales are then grouped into two summary measures:

) Physical health (scales 1–4)
) Mental health (scales 5–8)

The SF-36 sensitively

detects changes over time

The SF-36 is the most commonly used self-assessed generic quality of life instru-
ment [59]. The mean internal consistency and test-retest validity of the first ver-
sion has been shown to exceed 0.80 in several studies [71, 105, 106]. In 1996, the
second version, SF-36v2, was introduced offering several improvements based on
experience with the first version: Instructions and questionnaire items were
shortened and simplified. The layout was adapted to reduce missing responses.
Some dichotomous response choices were replaced by five-point scales whereas
others were shortened from six- to five-point scales as well. These adaptations led
to a decrease in standard deviation and percentage of ceiling and floor scoring.
Today the SF-36 is available in a 4-week (standard) and a 1-week (acute) recall
version. Compared to other generic health status instruments, it has shown sev-
eral advantages [48, 97]. It was found to be most sensitive to detecting changes
over time and showed the highest levels of internal consistency.

Peto et al. [120] compared the mental health subscale with the PGWB ques-
tionnaire in a sample of patients with amyotrophic lateral sclerosis and found
good internal reliability and high correlations for both the PGWB and the SF-36
subscale. They stated that the mental health subscale provided comparable psy-
chometric performance and, thus, may be used to measure and compare mental
health in defined groups.

The SF-12 and SF-8

are short forms of the SF-36

with good validity

In 1994 the development of a 12-item questionnaire began which led to the SF-
12, a subset of the SF-36, that is now available in the second version [151]. Though
improving efficiency and practicability in the clinical setting, one has to accept
some restrictions leading to less information about health status compared to the
SF-36. Finally, an 8-item subset of the SF-36 has been developed. The SF-8
assesses every domain described in the SF-36 by only one item each. Besides a
24-h recall version there is a 4-week and a 1-week recall version available. It has
been translated and validated for more than 30 countries [99].
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In conclusion, the SF questionnaires represent valuable tools for the assessment
of general quality of life. Their widespread use in clinical trials leads to broad
possible comparisons. It is recommended to use these instruments in combina-
tion with disease-specific questionnaires to obtain an all-embracing picture of
the respondents. Extensive information about the use, validity and norm-based
scoring and interpretation is available on the SF internet homepage (www.
sf36.com) and in the SF manuals.

EuroQol 5D

This tool was developed by the EuroQol Group, which started in 1987 with the
intention of constructing an instrument for the assessment of standardized non-
disease-specific health-related quality of life. It was thought to complement
other tools such as the SF-36. The EuroQol Group is a multi-country, multi-center
and multi-disciplinary group and, thus, the developed instrument should more
easily allow cross-cultural comparisons to be performed.

The EuroQol exhibits validity

comparable to the SF-36

The EQ-5D is a self-completion tool consisting of four components [28]. The
first two parts address HRQL whereas the latter parts address further background
information such as occupation, activity, age, sex, education and so on. In the first
part HRQL is assessed by five statements about mobility, self-care, usual activities,
pain/discomfort and anxiety/depression, which are divided into three degrees of
severity. The respondents are asked to sign the one statement fitting best to their
situation. This leads to a score of one to three in each statement. The second part
consists of a Graphic Rating Scale ranging from zero to 100 in which respondents
are asked to indicate their actual state of health today. Several studies were made to
compare the EQ-5D with other quality of life tools, for example the SF-36. Gener-
ally, it was found to be a valuable instrument, simple to use by the patients and
showing clinically relevant correlations with other condition-specific tools [26,
78]. Nevertheless, Brazier et al. [26] found it to be less sensitive and more suscepti-
ble to ceiling effects than the SF-36, preferring the latter for detecting changes over
time. Further, detailed information is available on www.euroqol.org.

Psychological General Well-Being Index (PGWBI)

This questionnaire was developed by Dupuy in 1969 and first published after
modification in 1984 [44]. It consists of 22 questions on the following six
domains: Anxiety, Depression, Well-being, Self-control, and Health vitality.

Each domain consists of three to five questions which have to be rated on a six-
point Likert scale. Every answer is validated by zero to five points. This results in
a maximum score of 110. Revicki et al. [128] developed the PGWB into a version
suitable for use in telephone interviews and successfully validated it for an Amer-
ican population.

The PGWB is a reliable tool

with which to assess

psychological distress

The PGWB has been extensively validated and has been used in many clinical
studies, for example in the field of chronic pain, often in combination with other
general health state questionnaires such as the SF-36 [14–16, 143].

Scoliosis Research Society Questionnaires: SRS-22/-24/-30

The Scoliosis Research Society (SRS) developed instruments to evaluate and
monitor patients with idiopathic scoliosis. In 1999, the initial 24-item SRS-24
questionnaire was developed based on several previously validated question-
naires [70]. It is divided into seven equally weighted domains: Pain, General self-
image, Post-operative self image, General function, Overall level of activity, Post-
operative function and satisfaction.
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This initial version was found to be reliable for postoperative outcome in scolio-
sis surgery as well as for dynamic monitoring in patients as they become adults.
Nevertheless, some concerns about low internal consistency for some domains
and some questions led to the creation of the current SRS-22.

This questionnaire is divided into five domains: Pain, Function/activity, Self-
image/appearance, Mental health, Satisfaction about previous treatment.

The SRS-22/-30

questionnaires are

specifically designed

for scoliosis patients

As the SRS-22 no longer integrates specific questions about the postoperative
status of the patients, the SRS-30 was developed. This version includes all ques-
tions of the 22-item tool and the postoperative questions of the 24-item tool.
While the SRS-22 is validated for the English and Spanish [10] languages, the
SRS-30 has not been validated so far. The SRS-22 was shown to be reliable with
internal consistency and reproducibility comparable to the SF-36 [8, 18]. More-
over, it was found to be responsive to changes postoperatively [9] and to discrimi-
nate well between patients with no, moderate and severe scoliosis [7]. In one
study it was even found to be useful in choosing non-surgical treatment in bor-
derline cases [7]. The questionnaires and more information on scoring are avail-
able on the Scoliosis Research Society website (www.srs.org).

Psychosocial Aspects, Work Situation and Fear Avoidance Beliefs

General Aspects

In the past two decades, psychosocial and work-related aspects as well as the
potential influence of behavior patterns have attracted interest in research on the
development and course of chronic back pain [4, 33, 55, 57, 73, 149]. In this con-
text, some instruments have been developed to assess these important aspects.

Instruments

Assessment of Occupational Status

As a minimum data set the extent of work incapacity should be assessed preoper-
atively and at follow-up as it is easy to assess and of great societal relevance [5].
Bombardier [23] proposed a categorization including the following:

) employed at usual job
) on light duty or some restricted work assignment
) paid leave/sick leave
) unpaid leave
) unemployed because of health problems
) unemployed because of other reasons
) student, keeping house/homemaker
) retired
) disability

Besides the occupational status, sickness absence is quite easily accessible too
and is also of economic relevance. Hensing et al. [74] proposed five measures for
sick leave assessment. Nevertheless, it has become apparent that age, gender, cul-
tural factors, economic and health policy factors, job satisfaction, psychosocial

Occupational status and

sickness absence should be

assessed preoperatively

and at follow-up

job factors and factors not related to work at all influence work status and sick-
ness absence [46]. Therefore, multivariate methods must be used to control these
confounding parameters when work status is analyzed [148], and additional
measures of work-related outcome such as work ability, job-related resignation
and job satisfaction should be used.
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Job Satisfaction and Job-Related Resignation

General job satisfaction and job-related resignation can be assessed by four 5-
point Likert scales each. The items for the two scales are derived from a larger set
of items developed by Oegerli [117] on the basis of the concept of “different forms
of job satisfaction” by Bruggemann [29] (English description [34]). The two
scales have been found to be reliable in several investigations.

Fear-Avoidance Beliefs Questionnaire (FABQ)

The FABQ predicts

treatment outcome

in subacute and chronic

low back pain

Lethem and Slade [92, 136] first mentioned in 1983 that an avoidance behavior
may result in an exaggerated pain perception and in 1993 Waddell et al. [149]
introduced the FABQ, which consists of 16 items and is designed as a self-report-
ing tool. The questions are pain-specific and divided into one part assessing fear-
avoidance beliefs about work and another part assessing fear-avoidance beliefs
about physical activities. It has been shown to be a valid and reliable question-
naire and several studies have found it to be useful in predicting treatment out-
come in subacute and chronic low back pain [31, 54, 58, 138].

Validated German and Swiss-German versions are available [121, 138].
McCracken et al. [103] compared the FABQ with three other validated instru-
ments for the assessment of anxiety and fear in chronic pain patients: (1) the
Spielberger Trait Anxiety Inventory (STAI) with more general response tenden-
cies [137]; (2) the Fear of Pain Questionnaire (FPQ) [107] with more general
response tendencies in addition; and (3) the Pain Anxiety Symptoms Scale
(PASS) with more pain-specific response tendencies [104]. The FABQ and the
PASS as more pain-specific questionnaires were found to be better predictors
than the less pain-specific ones. However, it was recommended to use these tools
in combination with general emotional distress measures in a clinical setting to
achieve valuable information about the influence of pain avoidance beliefs and
other psychosocial stressors on the course of chronic pain situations.

Clinical Feasibility and Practicability

Data completeness

is mandatory for valid

and reliable outcome

assessment

As in most questionnaires a total score or several subscores are computed with
the data from a small number of questions, and it is mandatory that question-
naires are filled in completely. Often, lacking the answer from only one or two
questions makes analysis of the score impossible.

It is therefore important to inform patients about the importance of thorough
questionnaire completion. Possible consequences of the planned investigation
on future treatment modalities should be explained to the participants to
increase their understanding. The patients’ health and social condition have a
significant impact on the willingness to participate in a study.

Short, valid reliable and easy

to handle questionnaires

are needed to increase

questionnaire response

and participation

It is desirable to use simple and short questionnaires in a clinical setting. This
would not only minimize the patients’ effort but also analysis of data by the
health professionals. Therefore different groups are endeavoring to develop
short, valuable, standardized outcome assessment tools. Deyo et al. [41] pro-
posed a six-item core set of questions measuring several dimensions of outcome,
each with a single item which has been studied and validated elsewhere. This
short set of questions covering the core dimensions pain, function, well-being,
disability (work), disability (social) and satisfaction post-treatment could be
used as a basic battery for checking treatment outcome or developing quality
improvements. A more detailed data assessment, for example within the scope of
clinical trials with specific problems addressed, could easily be achieved by add-
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ing further items in one of the core dimensions without necessarily expanding
the whole questionnaire and therefore increasing the effort for respondents and
analysts.

Mannion et al. [99] evaluated a modified German version of the standardized
short core-measure tool proposed by Deyo and found it to be simple, practical,
reliable and valid. Cronbach’s alpha (internal consistency) for each core measure
was between 0.41 and 0.78. Composing an index from all the core measures,
Cronbach’s alpha increased to 0.85. Test-retest reliability was moderate to excel-
lent. There were floor and ceiling effects notable in the function domain whereas
the disability dimension showed floor effects at follow-up. The correlations
between the single items and their corresponding reference questionnaire were
0.60–0.79. The Sensitivity to Change was a little bit lower than in the reference
questionnaires. Recently, White et al. [155] adapted the Deyo core questions to
the neck pain setting and tested them on 104 patients. This first evaluation dem-
onstrated a good repeatability and validity with absent floor or ceiling effects.
These promising findings provide motivation for further research because the
standardized use of such an instrument in future clinical trials would improve
outcome assessment. It would improve the comparability between clinical stud-
ies and therefore build a better basis for treatment improvements in spinal sur-
gery.

Recapitulation

For the evaluation of spinal interventions self-admin-

istered assessment tools are widely used. An instru-
ment must be comparable, translated into and vali-
dated for the corresponding language and must em-
brace at least pain, disability, health-related quality

of life and work status. For more thorough investiga-
tions, psychosocial aspects, work-related parame-

ters and fear avoidance behavior should additional-
ly be assessed. For these purposes an array of well
validated standardized questionnaires are available.

Pain. As the predominant complaint in patients
with spinal disorders, the evaluation of pain is one
of the pillars of outcome assessment. Pain assess-
ment seems to be most reliable when asking for an
average pain level during a short recall period of
time from 1 week to 4 weeks. Pain experience is
very individual, complicating an interindividual
comparison. In well informed patients visual ana-

logue (VAS) and graphic rating scales (GRS) are
valuable instruments for assessment of pain inten-
sity and changes due to therapy. Some restrictions
have to be taken into account when using these
tools in an elderly population as they may be mis-
understood and misinterpreted. NRS and VRS are
other methods in pain assessment. Although well
understandable and easy to handle (also in tele-
phone interviews), they are not as appropriate for
detecting changes over time as are VAS and GRS.

Disability. Neck- or back-related disability is anoth-
er predominant complaint. The Roland and Morris

Disability Questionnaire and Oswestry Disability

Index are by far the most used instruments for as-
sessment of disability in back patients. While the
former seems to be more sensitive in detecting
changes over time, the latter seems to be more use-
ful in patients with severe disability. The North
American Spine Society Questionnaire and the
Hannover Functional Ability Questionnaire are also
valuable tools though less frequently used.

Quality of life. Besides disease-specific tools, ques-
tionnaires on health-related quality of life are wide-
ly used in medicine. Several instruments have been
developed and broadly tested in terms of reliability
and validity. The most commonly used question-
naire is the SF-36, but also the WHO has edited a
valuable tool (WHOQOL-Bref ). The third well ex-
plored and frequently used instrument is the Euro-

Qol EQ-5D. The PGWB concentrates on psychologi-
cal general well-being as an important part of quali-
ty of life and is a valuable questionnaire in more
thorough investigations. For the special setting in
scoliosis patients, the Scoliosis Research Society in-
troduced the SRS-22 and SRS-30 questionnaires.
They include pain, disability, quality of life and satis-
faction with treatment and allow a pre- and postop-
erative evaluation of these patients.
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Recapitulation

Psychosocial aspects. It has been realized that psy-
chosocial aspects and work situation are related to
back pain. They may figure as risk factors or even
predictors in subacute and chronic back pain. One
aspect in this context is fear avoidance behavior,
which can negatively influence outcome in spinal
surgery. The most frequently used questionnaire in
this field is the FABQ.

Work situation. As a minimum the work situation
should be assessed by occupational status mea-
sures and sick absence measures. Because of the
shortcomings of these simple methods additional

instruments on job satisfaction and job-related res-
ignation should be used for a more comprehensive
assessment.

Feasibility/practicability. As in most question-
naires a total score or several subscores are com-
puted with the data from a small number of ques-
tions, it is mandatory that questionnaires are filled
in completely. Nevertheless, the patient’s compli-
ance is often insufficient for various reasons. Recent
research is thus attempting to develop short and
easily understandable tools which allow the gather-
ing of enough data for meaningful conclusions.

Key Articles
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treatment of spinal disorders. Spine 25:3097–3199
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ther reading.
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A q fiber 130
abdominal wall reflex 630
abscess 23
– drainage 24
– enucleation 24
acceleration and deceleration training 614
ACDF, see anterior cervical discectomy and fusion
ACE inhibitor 379
acetaminophen 141, 409, 421, 591, 595
acetylsalicylic acid 591
Achilles tendon reflex 310
achondroplasia 513, 518
actin 626
activity of daily living (ADL) 437, 609
acute
– anterior uveitis (AAU) 1062
– pain 126
– trauma 249
A · fiber 130
ADAMTS-4/5 104
adenosine triphosphate 626
ADI, see anterior atlantoaxial interval
adjacent segment degeneration 80, 455, 566
adjuvant drug 142
ADL, see activity of daily living
Adson’s test 217
adult
– respiratory distress syndrome (ARDS) 1113
– scoliosis 629
advanced trauma life support (ATLS) 898
aerobic conditioning 614
agenesis 809
aggrecan 103
aggrecanase 104
air myelography 8
airway management 376
algesia 304
alkaline phosphatase 935
allodynia 127, 135, 333, 486
allograft bone 556
alpha-motoneuron 320, 324
– lesion 331
ALS, see amyotrophic lateral sclerosis
AMPA (alpha-amino-3-hydroxy-5-methyl-4-isoxazolepropio-

nic acid) receptor 133, 136
amyotrophic lateral sclerosis (ALS) 312, 333
anesthesia 6
anal reflex 303
Andersson lesion 1075
aneurysmal bone cyst 963, 966
angiogenesis 955
angioma, cavernous 1005, 1008, 1016
angular motion 545
ankylosing spondylitis (AS) 24, 25, 255, 1057
– bone scan 1066

– complications 1080
– fractures 1075
– history 1061
– HLA-B27 gene 1060
– imaging studies 1063
– infection-based pathogenesis 1060
– natural history 1067
– non-operative treatment 1067
– operative treatment 1070
– pharmacological therapy 1068
– physical findings 1062
– physiotherapy 1069
– surgical techniques 1072
annular tear 232
anoikis 954
anterior
– atlantoaxial interval (ADI) 699
– cervical discectomy 1087
– – and fusion (ACDF) 449
– cord syndrome 305
– instrumentation 74
– lumbar interbody fusion (ALIF) 75, 560, 563, 726, 753
– lumbar retroperitoneal approach 355
– neural compression 449
– retroperitoneal approach 357
– spinal artery syndrome 1107
– spinal cord syndrome 434
– spinal surgery, complications 1089
– tension band technique 85
anterolateral implantation technique 76
anteromedial approach 338
– skin incision 340
– surgical anatomy 340
antibiotic 6
– prophylaxis 394
anticonvulsant 143
antidepressant, tricyclic 142
antihypertensive drug therapy 379
antisepsis 6
anulus fibrosus 44, 95, 97, 101, 542
anuresis, postoperative 1114
AOD, see atlanto-occipital dislocation
aortitis 1062
apoptosis 92
aprotinin 403
arachnodactyly 629
arachnoidal cyst 1106
arachnoidopathy 1015
arm pain 436
Arnold-Chiari malformation 635
arterial
– laceration 1100
– thrombosis 1102
arteriosclerosis 1091
arthritic pain 125, 1080
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arthrodesis 186, 564
arthroplasty 567
– in the spine 80
– total disc 455
ascending tonic-clonic seizure 245
ASD, see atrial septal defect
aseptic
– discitis 1060, 1066
– spondylodiscitis 1075
Ashworth score 306
ASIA
– impairment scale 297
– protocol 894
assessment
– of occupational status 1133
– tool 1123
astrocytes 137
astrocytoma 997, 1003, 1008, 1015
asymmetric loading 715
atelectasis 377
atlantoaxial
– instability 830, 853, 872
– joint 829, 841
– – rotatory injuries 854
– stabilization 1050
atlantodental interval (ADI) 1049
atlanto-occipital dislocation (AOD) 836, 840, 846, 851, 872
atlas fracture 852, 863, 872
ATLS, see advanced trauma life support
atrial septal defect (ASD) 378
atrophy of the interosseous muscles 438
autologous bone graft 454
automated percutaneous lumbar disectomy 498
autonomic dysreflexia 385
awake fiberoptic intubation 376
axial compression 885
axis/axial
– fracture 863
– loading 885
– of motion 81
– of rotation 81
– pain 155, 156, 204, 222
axonal
– damage 321
– transport capacity 322
azathioprine 380

Babinski sign 300, 673
back pain, see also pain 15, 93, 125, 156, 274, 514, 541, 1125
– acute 590
– bed rest 164
– chronic 587
– classification 587
– clinical assessment 203
– discogenic 542, 543, 570
– geographical variation 164
– isolated 545
– lifetime prevalence 201
– lumbar lordosis 718
– lumbar spondylosis 539
– non-specific (NSLBP) 585, 587
– one-in-five rule of thumb 159
– persistence 154
– predominant
– – magnetic resonance imaging 549
– – standard radiographs 549
– prevalence 585
– psychosocial factors 162
– recurrence 154
– reproducibility of history 221

– risk factors
– – morphological 162
– – occupational physical 163
– – occupational physiological 163
– specific 587
– spinal tumor 957
– spondylolisthesis 737
bacterial infection 1030
BAK cage 562
bamboo spine 1061
Barsony projection 228, 253
BDNF, see brain-derived neurotrophic factor
Becker’s muscular dystrophy 666, 678
bed rest 164
benign cavernous hemangioma 959
benzodiazepine 143, 406
beta-blocking agent, cardioselective 379
betamethasone 495
biceps tendon reflex (BTR) 310
bicycle test 524
bifurcation 356
biopsy
– excisional 964
– open incisional 964
– transpharyngeal stereotactic 964
BIS, see bispectral index
bisegmental instrumentation 71
bispectral index (BIS) 400
bladder
– catheter 399
– dysfunction 303, 305, 486
block vertebra 696
blood
– blood gas analysis 377
– predeposit 402
– product 400
– transfusion 401, 403
blunt trauma 827, 839
– to the neck 842
BMD, see bone mineral density
BMP, see bone morphogenetic protein
body cast 916
Böhler’s fracture treatment 901, 915
bone/bony
– allograft 556
– aneurysmal cyst 963, 966
– ankylosis 111
– canal compromise 531
– computed tomography (CT) 241
– densitometry 929
– density 43
– giant cell tumor 966
– grafting 990, 1033
– – substitutes 556, 557
– – allogenic 905
– – in situ 74
– – transpedicular 905, 908
– metastatic carcinoma 977
– mineral density (BMD) 928
– – DEXA 241
– morphogenetic protein (BMP) 556
– nerve root entrapment 489
– promoter 558
– scintigraphy 244, 254
– spurs 93
– tumor, see there
Boston lumbar orthosis 781
bowel
– and bladder dysfunction 505
– atonia 1113
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– disease 1062
– perforation 1103
bracing 689
– adolescent idiopathic scoliosis 640
– infantile and juvenile idiopathic scoliosis 639
– neuromuscular scoliosis 678
bradycardia 384
brain-derived neurotrophic factor (BDNF) 136
broadband ultrasonic attenuation (BUA) 242
Brodie abscess 29
bronchodilating agent 380
bronchogenic cyst 809
Brooks fusion 854
Brown-Séquard syndrome 304, 1005
BTR, see biceps tendon reflex
BUA, see broadband ultrasonic attenuation
Buck’s fusion 748
bulbocavernosus reflex 303
bupivacaine 495
burst fracture 831, 871, 885, 888, 904, 909
buttress plate 78

C type fiber 130
cage
– designs 451
– filling 452
– fusion 462, 466
– insertion 563
– materials 451
calcitonin 525
calcium phosphate 557
calmodulin 626
Calvé-Perthes disease 767
Canadian C-spine rule 837
cancer cell 953
carbolization 8
cardiac dysfunction 397
carpal tunnel syndrome (CTS) 293, 323, 332, 333, 444
cartilage endplate 101, 107
– age-related changes 114
cast syndrome 1113
cauda equina
– lesion 323, 482, 491
– syndrome 18, 165, 203, 221, 222, 249, 486, 493, 496, 505,

1071, 1105, 1108
caudal
– block 283
– – indications 267
– epidural block
– – complications 268
– – technique 268
– regression 798, 800, 809, 811
cavernous angioma 1005, 1008, 1016
Cavitron ultrasound aspirator (CUSA) 1009
cefazolin 394
cellular senescence 92
central
– cord syndrome 304
– nervous system (CNS) tumor 997
– sensitization 136
– spinal stenosis 515
– venous pressure (CVP) 397
– vertical sacral line (CVSL) 632
CEP, see cortical evoked potential
cerebral palsy 383
cerebrospinal fluid fistula 1112
cervical
– closing wedge osteotomy 1075
– collar 446
– disc herniation

– – spontaneous resorption 445
– disc rupture 831
– discography 273, 275
– disorder
– – non-specific 435
– – specific 435
– epidural block
– – therapeutic efficacy 270
– facet dislocation injury 848
– facet joint block 278
– – complications 277
– injury
– – history 834
– – treatment 844
– instability 838
– lordosis 213, 445
– myelopathy 331, 332, 438
– – neurological deficit 291
– nerve root block 263
– – complications 265
– radiculopathy 431
– – differential diagnoses 444
– – surgery 448
– spine 294
– – degenerative alterations 430
– – functional testing 216
– – hyperextension 833
– – normal anatomy 828
– – physical risk factors 163
– – radiographs 229
– – surgery 418, 1087
– – trauma 839
– spine injury 825
– – imaging studies 836
– – neurological examination 894
– – physical findings 835
– spondylosis 430, 833
– spondylotic myelopathy (CSM) 430, 432, 464
– – dynamic compression 434
– spondylotic radiculopathy (CSR) 430, 449
– tumor 1006
cervicothoracic
– block
– – complications 268
– – technique 268
– kyphotic deformity 1075
CHA, see controlled hypotensive anesthesia
Chance fracture 909, 914
Charcot-Marie-Tooth disease 666, 670, 673
chemonucleolysis 20, 497, 505
Chiari malformation 699, 803, 804
chin-brow to vertical angle (CBVA) 1071
chloroform 6
chondrosarcoma 970
chordoma 957
chronic
– back pain, see there
– obstructive pulmonary disease (COPD) 1092
– pain, see there
chylothorax 1099
chymopapain 20, 497
circumferential fusion 563, 564
claudication 718, 724, 749, 931
clonus/clonal 463
– expansion theory 956
closing wedge osteotomy 1072
– cervical 1075
Cloward technique 449, 461
CMAP, see compound muscle action potential
coagulopathy 405
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Cobb
– angle 9, 632, 635, 649, 679, 680, 682, 698, 709, 782, 788
– measurement 634
– raspatory 344
cocaine 6
Cock-Robin position 835
collagen 96
– fiber 95, 107
– gene polymorphisms 435
color Doppler sonography 247
compartment syndrome 1102
complications, postoperative
– anterior spinal surgery 1089
– approach-related 1095, 1115
– arterial laceration 1100
– bowel perforation 1103
– cardiovascular risk factors 1091
– cerebrospinal fluid leaks 1105
– disc herniation 1089
– embolization 1094
– epidural vein bleeding 1104
– homeostasis-related 1109
– idiopathic scoliosis 1089
– insufficient postoperative respiration 1099
– liver lesion 1100
– lumbar spinal fusion 1090
– malnutrition 1092
– medication 1092
– nerve root injuries 1104, 1110
– neural injuries 1108
– neurological complications 1110
– paraplegia 1095, 1110
– patient positioning 1094
– postoperative bleeding 1109
– postoperative kyphosis 1103
– postoperative venous thrombosis 1112
– preoperative planning 1093
– preventive measures 1090, 1115
– procedure-related complications 1115
– pulmonary embolism 1113
– pulmonary risk factors 1092
– spinal cord compromise 1110
– spinal cord injury 1106
– spinal stenosis 1089
– splenic injury 1100
– unintended durotomy 1105
– ureteral injury 1103
– urinary bladder injury 1103
– urogenital complications 1114
– vascular complications 1112
– vascular risk factors 1091
– vertebral artery injury 1103
– vessel laceration 1096
– wound infection 1110
compound muscle action potential (CMAP) 323
compression
– forces 69
– fracture 831, 905
– maneuver 704
– syndrome 496
– – cervical 295
– – of the spinal cord 295
computed tomography (CT) 8, 256
– artifacts 244
– contraindications 244
– fluoroscopy 241
– imaging protocol 242
– indications 243
– myelography 255, 443
– peripheral quantitative 242

– side effects 244
– spiral CT 241
concomitant non-spinal injury 893
conduction 130
congenital
– myopathy 671
– scoliosis 693
controlled hypotensive anesthesia (CHA) 398, 401
conus medullaris 808
– lesion 323, 482
– syndrome 305
convergent screw trajectory 71
coronal
– balance 630, 632
– imbalance 647
– plane curvature 693
coronary heart disease 378
corpectomy 71, 78, 85, 342, 355, 452, 462, 466, 681, 993
– blood loss 1108
– cervical region 78
– single level 78, 79
– three-level 79
cortical evoked potential (CEP) 406
costotransversectomy 964, 1010, 1035
Cotrel-Dubousset instrumentation system 562
Cotugno syndrome 16
cranial neuropathy 851
craniocervical junction 345
craniotomy 1112
crankshaft phenomenon 642, 644, 685, 702
Cronbach’s alpha 1135
cross-over sign 220
cryoprecipitate 404
CSM, see cervical spondylotic myelopathy
C-spine rule 844
CSR, see cervical spondylotic radiculopathy
CSVL, see sacral vertical line
CT, see computed tomography
CTS, see carpal tunnel syndrome
curve
– flexibility 685
– progression 638
CVP, see central venous pressure
CVSL, see central vertical sacral line
cyclooxygenase (COX) inhibition 142, 421
cytokine 105
– proinflammatory 433, 485, 570

Dallas
– discogram description 272
– pain index 188
data assessment 1134
DCT, see deep vein thrombosis
DEBIT 248
decompression
– laminectomy 527, 987
– – reoperation 530
– of the subaxial spine 1051
– of the upper cervical spine 1051
– sickness 312
deep vein thrombosis (DVT) 420, 981
deformity surgery 346
degenerating spondylosis 93
degeneration/degenerative 293
– disorder 293
– lumbar spondylosis 539
– motion segment 433
– of the adjacent segment 80
– scoliosis 113, 521, 713
– spondylolisthesis 514, 515, 520, 521, 1043
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degenerin 129
delayed decompression 905
demineralized bone matrix 557
Denis classification 888
dens fracture 830, 854, 860, 871
densitometry 934
dermal sinus 808
dermatomal sensory loss 520
dermatome 18, 218, 332, 420
dermoid tumor 808
desmopressin 403
desoxypyridinoline 935
detrusor sphincter dyssynergia 303
DEXA, see dual-energy X-ray absorptiometry
dexamethasone 985, 1009
diabetes mellitus 418
diabetic peripheral neuropathy 333
diagnostic triage 156
diaphragmatic breathing 609
diastematomyelia 806, 809, 1107
diathermy knife 343, 347
DIC, see disseminated intravascular coagulopathy
diclofenac 591
DICOM 227
diffusion imaging 239
diplomyelia 809
disability 158, 191, 210
– in daily activities 1128
disc
– arthroplasty 80, 85
– bulging 45, 432, 492
– degeneration 161, 162
– – etiology 106
– – genetic predisposition 137
– – grading 232
– extrusion 233
– herniation 17, 83, 107, 162, 184, 208, 252, 293, 449,

481
– – asymptomatic 489
– – cardinal symptoms 486
– – cervical radiculopathy 432
– – classification 491
– – complications 1089
– – computed tomography 490
– – contained 491
– – CT diagnosis 243
– – injection studies 490
– – lateral 491
– – lumbar intervertebral 483
– – magnetic resonance imaging (MRI) 488
– – natural history 494
– – neurophysiologic studies 490
– – non-contained 491
– – non-operative treatment 493
– – recurrence 500, 504
– – risk factors 483
– – thoracic 487, 502
– – traumatic 483
– intervertebral 44
– microscopic alterations during aging 99
– migration 445
– neovascularization 542
– prolapse 20
– prosthesis 566
– – displacement-controlled protocol 81
– – histocompatibility 81
– – stability 81
– protrusion 17, 18, 233, 330, 431, 483, 489, 515
– space curettement 502
– surgery 18

discectomy 18, 70, 77, 185, 190, 342, 399, 459, 495, 498, 502,
753, 1105

– automated percutaneous 498
– complications 504, 1087
– depression 188
– microscopic 501
– sciatic pain 504
– without fusion 452
discitis 273, 1060, 1066, 1112
discogenic
– back pain, see there
– pain syndrome 546, 548
discography 283, 443, 461
– cervical 273, 275
– lumbar 272
– provocative 271, 551
– thoracic 273, 274
discoligamentous injury 846
discovertebral kyphosis 1059
disinhibition of dorsal horn neurons 137
disorder of the autonomic system 303
displacement 856
disseminated intravascular coagulopathy (DIC) 404
dissociated sensory deficit 299
distraction
– compression 77
– injury 869
– segmental 77
distress and risk assessment method (DRAM) 188
DMD, see Duchenne muscular dystrophy
dobutamine stress echocardiography 378
dorsal
– horn cytoarchitecture 130
– pain 125
double major curve 650
Down’s syndrome 376
DRAM, see distress and risk assessment method
drop metastasis 997
dual energy X-ray absorptiometry (DEXA) 241, 928, 935
– scan 942
Duchenne muscular dystrophy (DMD) 376–378, 397, 383,

664, 666, 667, 679, 1092, 1099
Dunn-McCarthy rod 688
duodenojejunostomy 1114
duplex sonography 247
durotomy, unintended 1105
dynamic
– fixation 571
– loading 60
– neutralization system 83
– stabilization 568
Dynesys 83
– stabilization 558
– system 568
dysesthesia 333
dysfunction of the bowel 303
dysphagia 342, 463, 466
dysplasia 737
dysrhythmias 383

early decompression 905
Edwin Smith Surgical Papyrus 2, 27
Effendi’s classification 861
eggshell procedure 1072
elastin 111
– fiber 95, 515
electrocoagulation for skin dissection 1111
electromyography (EMG) 319
– indications 321
– technique 321
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electrotherapy 448
embolization 1094
EMG, see electromyography
enchondroma 18
endotracheal tube 342
endplate
– calcification 108
– change 236
– – MR imaging 251
– fractures 109
– ossification 108
English swing 12
entrapment syndrome 293, 333
ependymoma 1005, 1007, 1008, 1014
– myxopapillary 1002
– of the filum terminale 997, 1000
epidemiology 153, 167
epidermoid tumor 808
epidural
– bleeding 235
– block 283
– indications 267
– fibrosis 505
– hematoma 897, 1075
– lipomatosis 235
– steroid block
– – therapeutic efficacy 268
– steroid injection 270, 495
– vein bleeding 1104
epinephrine 626
erector spinae 53
erythropoietin 402
esthesia 304
European myelopathy score 439
EuroQol 5D 1132
Ewing’s sarcoma 966
excisional biopsy 964
excitatory mechanism 133
exhibitory mechanism 124
expansive open-door laminoplasty 459
external oblique muscle 353
extracellular matrix, molecular changes during aging 103
extrapedicular screw trajectory 73
extravasation 955

facet
– arthropathy 80, 280
– asymmetry 46
– block 721
– hypertrophy 742
– infiltration 1048
– joint, see also zygapophyseal joint 41, 46, 73, 109
– – age-related changes 109, 114
– – block 275, 283, 284, 461, 637
– – cervical block 277, 279
– – dislocation 869
– – indications 275
– – injections 247, 552
– – lumbar block 276, 278
– – malorientation 109
– – MR imaging 251
– – osteoarthritis (OA) 109, 262, 275, 278, 437, 542, 543,

549, 552, 567, 570
– – spontaneous fusion 544
– – syndrome 275, 544, 546, 570
– – synovial cyst 298
– – unloading 84
– osteoarthritis 521
– syndrome 21, 548
facetectomy 56, 527

facioscapulohumeral dystrophy 666
failed back syndrome 504, 812
fear avoidance belief 188
Fear-Avoidance Beliefs Questionnaire (FABQ) 1134
femoral stretch test 221
FFP, see fresh frozen plasma
fibrolipoma 808
fibula strut allograft 452
filar lipoma 808
filum terminale
– ependymoma 997, 1000, 1010
– fibrolipomatous 809
– hypertrophic 809
– lipoma 807
finger-floor distance 213
finger-to-nose test 302
fistula, epithelium-lined 808
fixateur interne 67, 71, 941
fixation system 30
flaccid paralysis/paresis 306, 833
flag system 588, 589
flat back syndrome 647, 650, 769
flavetomy 499
flexibility 55
flexion-distraction injury 886
fluid doctrine 16, 123
Foley catheter 399
folic acid antagonist 801
foramen magnum tumor 1006
foraminal stenosis 516, 522, 527, 729, 746, 1108
foraminotomy 455, 498
– Frykholm 458
fracture type 913
Frankel score 904, 909
free-body diagram 58
French open-door laminoplasty 459
fresh
– frozen plasma (FFP) 403
– pars defect 742
Friedrich’s ataxia 378
Froin’s syndrome 1008
FSU, see functional spinal unit
functional
– impairment 210
– pain 128
– spinal unit (FSU) 541
fusion surgery 186
– cages 450
F-wave recording 324

GABA, see gamma-aminobutyric acid
gabapentin 390
GAD, see glutamic acid decarboxylase
Gaines procedure 754, 1108
gait disorder 301, 438
Gallie fusion 854
gamma irradiation 556
gamma-aminobutyric acid (GABA) 132, 137
Gardner-Wells
– extension 339
– tong 846
gastric distension 385
gastrulation 800
gene polymorphism 465
giant cell tumor of bone 966
gibbus 23
Gill’s procedure 748
Glasgow
– coma scale (GCS) score 827
– Illness Model 158
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glioblastoma multiforme 1003
glioma
– intramedullary 1009
– malignant 1003
Glisson swing 12
glutamate 136, 435
glutamic acid decarboxylase (GAD) 137
glycine 132, 137
Gordon sign 300
Gower test 673
Graf ligamentoplasty 83, 558, 568
granuloma 997
graphic rating scale (GRS) 1126
gray matter 294
Grisel syndrome 853
growth factor 105
GTP cyclohydrolase gene 137

HA, see hydroxyapatite
halo
– fixator 74, 847
– traction 707
– vest 848, 853, 856, 866
halo-femoral traction 787
hamstring tightness 783, 784, 791
handicap 210
hangman’s fracture 860, 861, 872
Hannover Functional Ability Questionnaire (HFAQ) 1129
hard herniation 433
Harrington
– compression rod 784
– distraction rod 647
– instrumentation 13
– operation 642
– principle 680
HDS, see histological degeneration score
health
– behavior 187
– condition 605
Health Insurance Experiment (HIE) 1131
heart failure 1091
heel-to-knee test 302
Heister’s cross 12
helical axis of motion 81
hemangioblastoma 998, 1003, 1007, 1008, 1016
hemangioma 962, 965, 967
– benign cavernous 959
hemangiosarcoma 963
hematoma
– epidural 1075
– – with neurological deterioration 1110
– postoperative 1110
– retroperitoneal 1110
– retropharyngeal 851
hematothorax 1099
hemiarthrodesis 703
hemicord syndrome 1005
hemiepiphysiodesis 702, 703
hemilaminectomy 724, 1010, 1012
hemivertebra 695, 701, 703, 708
– cervical 699
– resection 705, 706
hemoglobin concentration 1109
hemorrhage 419
hemorrhagic shock 384
hemothorax 419
Hensen’s node 809
heparin treatment 1102
hereditary motor sensory neuropathy (HMSN) 666
herniated nucleus pulposus (HNP) 481

herpes zoster infection 312
hidrosis 303
high-energy trauma 893
hip
– contracture 672
– pathology 220
Hippocratic bench 11
histological degeneration score (HDS) 99
HLA-B27 gene 1060, 1063
HMSN, see hereditary motor sensory neuropathy
HNP, see herniated nucleus pulposus
Hodgson approach 1099
Hoffman’s sign 300, 673
Hohman retractor 347
Horner’s syndrome 341, 342, 1006, 1087, 1098, 1115
host-graft interface 452
H-reflex recording 325
human spine 61
hyaluronan 103
hydrocephalus 804
hydromyelia 803, 818, 999
hydroxyapatite (HA) 557
hyperalgesia 127, 135, 486
hypercapnia 382
hyperextension
– casting 914
– injury 869, 886
hyperglycemia 418
hyperkalemia 405
hyperkyphosis 774
– hamstring tightness 783
– thoracic 765, 783
– thoracolumbar 765
hyperlordosis 670, 677, 751
hypocalcemia 405
hypoglossal nerve 341
– lesion 1097
hypokyphosis 645
hyponatremia 1099
hypotension 894
hypothermia 399
hypovolemia 894

ibuprofen 591
ICF classification 605
idiopathic roundback 774
idiopathic scoliosis, see scoliosis, idiopathic
iliolumbar ligament 735
imaging 8
– acute trauma 249
– bone scintigraphy 244
– claustrophobia 240
– computed radiology (CR) systems 227
– computed tomography (CT) 241
– contraindications 239
– digital radiography (DR) systems 227
– fat-suppressed 239
– indications 247, 256
– MR protocol 230
– myelography 245
– positron emission tomography 245
– postoperative 251
– short tau inversion-recovery (STIR) sequences 239
– spinal cord lesions 251
– standard radiographs 227
– susceptibility artifacts 240
– ultrasonography 247
– contrast enhanced MR 237
immunodeficiency syndrome 1021
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implant
– stability 68
– safety zone 68
incisional biopsy 964
infantile scoliosis, see scoliosis, infantile
infection of the spine 22, 238, 687, 1021, 1111, 1021
– antituberculous chemotherapy 1031
– biopsy 1028
– debridement 1032
– drainage 1032
– history 1024
– imaging studies 1026
– inflammation markers 1025
– non-operative treatment 1029
– non-specific 1023
– operative treatment 1031
– radionuclide studies 1028
– specific 1023
– spinal instrumentation 1033
inferior laryngeal nerve 341
inflammatory
– disorder 312
– pain 126
– pannus 1043
infrared laser 448
inhibitory mechanism 124, 132
innervation, age-related changes 102
in-situ bone grafting 74
instability syndrome 546, 546, 570
instantaneous axis of rotation 81
instrumentation
– anterior 74
– bisegmenal 71
– posterior 71
instrumented fusion 569
insufficient postoperative respiration 1099
insulin resistance 418
intent-to-treat analysis 503
interbody
– cage 77
– fusion 530, 559, 908, 914
– – adjacent segment degeneration 566
– – anterior lumbar 560
– – cage augmented 562
– – device 82
– – laparoscopic techniques 565
– – mini-open anterior approach 565
– – patient selection 565
– – posterior lumbar 560
– – revision surgery 565
– – technique 75, 84
interleukin
– -1 (IL-1) 105
– -1 q (IL-1 q ) 137
intermittent pneumatic compression (IPS) 381
interspinous
– implant 568
– process distraction technique 83
intervertebral
– disc 5, 44, 61, 95, 101
– – age-related changes 102, 114, 432
– – burned-out 102
– – preserve 455
– foramina 21
– ligament 41
intradiscal pressure 79
intradural-extramedullary tumor 999
intradural-intramedullary tumor 1002
intramedullary glioma 1009
intraneural edema 484

intraocular pressure (IOP) 396
intraoperative neuromonitoring 329
intraspinal tumor 234
intravasation 955
in-vivo telemetry 69
ion channel 129
IOP, see intraocular pressure
IPS, see intermittent pneumatic compression
ischemic optic neuropathy 396
iscias nervosa
– antica 16
– postica 16
isthmic spondylolisthesis 516, 521

Jackson table 395
Jefferson fracture 830, 852
Jendrassik maneuver 326
JOA score 439
job
– heaviness 189
– satisfaction 1134
job-related resignation 1134
juvenile kyphosis 13, 765, 776
– classification 771
– complications 790
– correction 788
– definition 771
– genetic predisposition 773
– history 773
– imaging studies 775
– lung function 777
– non-operative treatment 779
– operative treatment 782

Kaneda device 910
Karnofsky performance status 984
Kerrison rongeur 500
ketamine 406, 407, 422, 423
kinesiophobia 617
King classification 627
Klippel-Feil syndrome 699, 809
kyphectomy 686, 687
kyphoplasty 941
kyphoscoliosis 666, 689, 693
– collapsing 667
– neurogenic 676
– neuromuscular 682, 687
kyphosis/kyphotic 3, 12, 79, 184, 397, 434, 452, 670, 675,

688, 899, 912, 1057
– congenital 693, 777
– correction 784
– deformity 681, 688, 896, 914
– discovertebral 1059
– fracture
– – functional bracing 902
– – functional treatment 902
– laminoplasty 459
– partial correction 916
– postoperative 1103
– post-traumatic 68
– segmental 84
– thoracic 768
– vertebral 1059

laceration
– arterial 1100
– of the lung 1098
– of the thoracic vessels 1098
– venous 1102
lacunae 95
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laminectomy 14, 20, 29, 185, 382, 457, 459, 502, 526, 531,
724, 748, 1009, 1010, 1075

– compression 457
– decompressive 29, 987
laminoplasty 466, 1103
– expansive open-door 459
– French open-door 459, 464
– techniques 460
laminotomy 499, 526, 528, 531, 724
– osteoplastic 1009
Langerhans cell histiocytosis 967
laryngoscopy 391, 464
Lasègue sign 184, 220, 487, 488
– reversed 221
laser disectomy 498
late whiplash syndrome 828, 834, 871
lateral
– recess stenosis 515
– swimmer’s view 229
laughing gas 6
LBP, see (lower) back pain
LDUH, see low dose unfractioned heparin
leg
– length discrepancy 629, 698
– pain 266
Lehrlingskyphose 765
Lenke classification 627
leukotaxis 485
leukotriene 135
Lhermitte sign 220, 1045
lidocaine 265, 278, 447
lifting
– forces 59
– technique 59
ligament
– age-related changes 114
– capsular 47
– interspinous 47
– of the spine 47
ligamentoplasty 82
ligamentotaxis 899, 907
ligamentous injury 830
ligamentum flavum 47, 111, 515, 735
light touch 218
limb asymmetry 629
lipid peroxidation 435
lipoma 806
lipomyelomeningocele 806, 809, 812
lipomyeloschisis 806
liver lesion 1100
LMWH, see low molecular weight heparin
load
– during lifting 59
– sharing 69, 84
loading 84
– disorder 613
lobar collapse 377
locked-in syndrome 836
lordoplasty 941
lordoscoliosis, congenital 693
lordosis 3, 82
– congenital 693
loss of muscle mass 113
low
– back pain, see back pain
– dose unfractioned heparin (LDUH) 381
– molecular weight heparin (LMWH) 381
lumbar
– arthrodesis
– – posterolateral fusion 559

– block
– – complications 268
– – technique 268
– catch 548
– disc herniation
– – conservative and surgical treatment 503
– discectomy 190, 504
– discography 272
– – complications 273
– – diagnostic efficacy 273
– epidural block
– – therapeutic efficacy 270
– facet joint block 276, 278
– fusion 569
– – mini-open anterior approach 565
– – patient selection 565
– lordosis 519, 645, 716, 735, 768, 769, 776, 791
– multifidus 53
– nerve root block 263
– – complications 265
– postdiscectomy syndrome 505
– puncture 1008
– spinal canal stenosis 331
– – neurological deficit 291
– spinal fusion 24
– – adjacent segment degeneration 566
– – complication rate 1090
– spinal stenosis 513, 942
– – surgery 526
– spine
– – motion 213
– – standard radiographs 228
– – thoracic spine 228
– spondylosis 539
– – complications 569
– – computed tomography 550
– – discography 551
– – indications for surgery 554
– – magnetic resonance imaging 549
– – pain management 553
– – physical exercises 553
– – psychological intervention 553
– – spinal fusion 554
– – standard radiographs 549
– stabilization 561
– stenosis 22
– – classification 517
– – congenital 517
– surgery 505
lumberjack fracture-dislocation 886
lumbosacral fusion 726
lumbotomy 643
lung
– cancer 978
– laceration 1098
Luque-Galveston fixation 682, 683
lymphocytopenia 1099

macroscopic disc alteration 98
magnetic resonance imaging (MRI) 8, 229, 255
– contrast agents 237
– fat-suppressed images 237
– metastatic lesions 982
– open MR systems 230
major histocompatibility complex (MHC) 1060
malignant
– disease
– – of the vertebral column 384
– – spinal cord 384
– glioma 1003
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malnutrition 1092
Mantoux test 1025
MAP, see mean arterial pressure
Marchetti classification 736
Marfan syndrome 378, 383, 625
mastoidectomy 853
matrix
– degradation 542
– metalloproteinase (MMP) 98, 104
– – tissue inhibitors 104
Mayfield head clamp 342
McNab’s test 216
mean arterial pressure (MAP) 396, 401
mechanical compression 485
median nerve palsy 219
Medical Outcome Study (MOS)
– SF-8 1131
– SF-12 1131
– SF-36 1131
melatonin 626
meningioma 999, 1008
meningocele 804
– anterior sacral 807
– repair 812
Mennel test 215, 220, 1062
metabolic bone disease 927
metamizol 410
metastasis 956, 967, 977
– arteriography 983
– biopsy 983
– classification 984
– history 980
– imaging studies 981
– in the vertebral body 979
– Karnofsky performance status 984
– neurologic examination 980
– non-operative treatment 985
– operative treatment 986
– pain 980
– radiation therapy 985
– radionucleotide bone scan 983
– Tokuhashi scoring system 984
methotrexate 380
methylprednisolone 278, 447, 485, 849, 872
microdiscectomy 20, 373, 498, 500, 502, 506
microglia 137
midazolam 240, 407
Milwaukee brace 12, 781
Minerva
– cast 853, 856, 866
– cervical brace 845
– jacket 74
mini-thoracotomy 649
Minnesota multiphasic personality inventory (MMPI) 187
MMD, see myotonic muscular dystrophy
MMP, see matrix metalloproteinase
MMPI, see Minnesota multiphasic personality inventory
modic change 549, 570
modulation 130
– nociceptive impulses 132
monitoring
– depth of anesthesia 400
– intraoperative 397
– nerve root 408
– spinal cord 405
monoaminoxidase 380
mononeuropathy 333
monoparesis 299
monosegmental instability 71
morbus Bechterew 27, 1069

morcellized rib 787
motion segment 42, 61, 93
– degeneration 433
– stiffness 48
motion-preserving surgery 566
motor
– deficit 299
– nerve fiber 329
motor-evoked potential (MEP) 319, 328, 391, 444, 523, 722,

842, 1095
– anesthetic effects 407
movement disorder 613
MRC spine stabilization trial 569
MRI, see magnetic resonance imaging
multidimensional short core measure 182
multimodal analgesia 409
multiple myeloma 967, 998
multireceptorial neuron 131
multisegmental
– posterior wedge osteotomy (MPWO) 1073
– stabilization 909
muscle/muscular 62
– activity 52
– – extension 54
– – flexion 54
– – rotation 54
– age-related changes 114
– atrophy 113, 213, 305, 320
– – painless 299
– dystrophy 333
– fiber
– – atrophy 113
– – distribution 625
– – fast twitch 112
– – motor unit 112
– – slow twitch 112
– forces 69
– of the trunk 48
– relaxant 143, 391
– spasm 211, 220, 383
– spatial distribution 48
– splitting approach 358
– tendon reflex 299
musculoskeletal
– disorder
– – psychosocial risk factors 163
– – total costs 160
– impairment 93
– pain 125
– system, age-related changes 91
– tumor 953
MW fixation 683, 684
Mycobacterium tuberculosis 23, 1025
myelocele 797, 802, 804, 818
myelocystocele 805
myelodysplasia 672
myelography 245, 273, 490
– computed tomogaphy (CT) 443
– MR 246
myelomeningocele 672, 674, 685, 686, 797, 798, 802, 804,

812, 818
– prenatal diagnosis 814
myelon
– compression 1046, 1051
– distension 1007
myelopathic syndrome 436, 465
myelopathy 463, 994
– cervical spondylosis 433, 462
– differential diagnoses 444
– magnetic resonance imaging (MRI) 439
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– radiography 439
myeloschisis 804
myelotomy 1009, 1013
myocardial infarction 1091
myopathy 673
– congenital 333
– scoliosis 676
myosin 626
myotome 332, 436
myotomy 13
myotonic muscular dystrophy (MMD) 666

Na+ channel 435
narcotic 6
Nash/Moe method 635
NASS Questionnaire 1129
natural coralline 557
NCS, see nerve conduction study
Neck Disability Index (NDI) 439, 1129
Neck Pain and Disability Questionnaire 439
neck pain, see also pain 157, 430, 461
– acupuncture 448
– clinical assessment 203
– conservative treatment 446
– electrotherapy 448
– individual risk factors 161
– infrared laser therapy 448
– lifetime prevalence 201
– massage 447
– neck and shoulder disorder (NSD) 157
– non-specific 432, 445, 446, 464
– pain source 443
– radiofrequency denervation 448
– spondylosis related 446
– transforaminal injections 447
neoplasm in the vertebra 958
neovascularization 955
nerve
– compression syndrome 1048
– conduction study (NCS) 322, 323
– conduction velocity 523
– entrapment syndrome 333, 436
– growth factor (NGF) 136
– – mechanical deformation 433
– root
– – block 247, 263, 265, 490, 495, 637, 744
– – chemical irritation 433
– – compression 262, 267, 485, 492, 517, 587, 744, 843
– – compromise by mechanical deformation 484
– – dermatome 519
– – infiltration 1048
– – injury 1104, 1110
– – mechanical compression 531
– – monitoring 408
– – paresis 756
– – pathology 1092
– – tumor 998
– sheath
– – tumor 1000, 1008, 1010
neural
– compression syndrome 933, 980, 1025
– compromise 267
– inflammation 263
– plasticity 124
– tube defect 818
neurilemoma 1000
neurinoma 997, 1000, 1011
neurodegenerative disorder 312
neuroectodermal appendage 811
neuroenteric cyst 809

neurofibroma 1000, 1011
neurofibromatosis 211, 670, 998
neurofibrome 997
neurogenic
– claudication 513, 517, 519, 531
– – differential diagnosis 524
– – selective decompression 526
– shock 835
– spine deformity 333
neurological
– assessment 218
– deterioration 419
– syndrome 298
neuromonitoring 349, 1095
neuromuscular
– disorder (NMD) 663
– feedback system 545
– relaxant drug (NMB) 397, 408
– scoliosis, see there
neuromyotonia 333
neuron
– multireceptorial 131
– nociceptive-specific 131
– non-nociceptive 131
– wide-dynamic range 131
neuropathic pain 127, 138
– chronic constriction injury (CCI) model 137
– clinical examination 140
– pharmacological tests 140
neuropathy 333
neurophysiologic study 490
neuroplasticity 135, 145
neuropraxia 754
neurosponge 1104, 1106
neurovascular disorder 311
neurulation 800
neutral vertebrae 632
NEXUS study 837, 844
NGF, see nerve growth factor
nicotine 187
nitric oxide (NO) 6, 406
– synthase 133
NMB, see neuromuscular relaxant drug
NMD, see neuromuscular disorder
NMDA antagonist 142
N-methyl-d-aspartate (NMDA) receptor 133, 422
nociceptive pain 126, 138
nociceptive-specific (NS) neuron 131
nociception 129
non-nociceptive (N-NOC) neuron 131
non-opioid analgesic 421
non-specific low back pain (NSLBP)
– acute 596
– chronic 595, 596
– electrotherapy 592
– exercise therapy 592
– management 590
– medical pain management 591, 594
– psychological intervention 594
– spinal manipulation 592
– subacute 592, 596
– work conditioning programs 594
non-steroidal anti-inflammatory drug (NSAID) 209, 396,

410, 421
– non-selective 142, 421
norepinephrine 132
nosocomial infection 401
NSAID, see non-steroidal anti-inflammatory drug
NSD, see neck and shoulder disorder
NSLBP, see non-specific low back pain
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nucleoplasty 82
nucleotomy 20, 498
nucleus pulposus 44, 95, 97, 101, 103, 108, 485
– herniated 495
numerical rating scale (NRS) 1127

obesity 162
oblique abdominus 53
obliquity
– infrapelvic 672
– intrapelvic 672
– suprapelvic 672
occipital condyle fracture (OCF) 850
occipitocervical
– fixation 74, 84
– fusion 1051
occupational
– injury risk 166
– therapy 609
OCF, see occipital condyle fracture
ocular perfusion pressure (OPP) 396
odontoid fracture 827, 855, 863, 872
– elderly patient 860
– screw fixation 860
oligodendrocyte 435
olisthesis 73
olisthetic vertebra 516, 743
open incisional biopsy 964
opioid 142, 421
OPLL, see ossification of the posterior longitudinal ligament
OPP, see ocular perfusion pressure
Oppenheim sign 300
oral antihyperglycemic drug 380
orotracheal tube 391, 392
orthosis 916, 1031
os odontoideum 830
ossification of the posterior longitudinal ligament (OPLL)

432, 435
osteitis 1061
osteoarthritis 93, 109, 461, 544
– of the facet joints 541
– of the hip joint 520
osteoarthrosis 531
osteoblastic lesion 979
osteoblastoma 234, 957, 959
osteocalcin 935
osteochondroma 965
osteochondrosis juvenilis lumbalis 771
osteoconduction 555
osteodensitometry 722
osteogenesis imperfecta 739
osteoidosteoma 209, 952, 957, 959, 966, 970
osteoinduction 556
osteolytic lesion 979
osteomyelitis
– of long bones 1029, 1031
– vertebral 1021, 1025
osteopenia 929
osteophyte 515
osteophytectomy 452, 459, 498
osteophytes 93, 109, 432, 544, 715, 1065
osteoplastic laminotomy 1009
osteoporosis/osteoporotic 110, 450, 926, 929, 942
– compression 925
– dual-energy X-ray absorptiometry 935
– fracture 925
– – imaging studies 933
– mechanical back pain 931
– medical treatment 936
osteosarcoma 967

osteosynthesis 748, 857
osteotomy 568, 687, 688, 1071
– blood loss 1108
– pedicle subtraction 705
– Smith-Peterson 705
– transpedicular reduction 725
Oswestry Disability Index (ODI) 182, 188, 503, 564, 907,

1128
outcome assessment 1123
overexertion 163
oxidative stress 92
oxygen saturation 609

PACS 228
pain, see also back/neck pain 261
– acute 126
– affect 1126
– arthritic 125
– assessment 1125
– axial 155, 156, 204, 222
– behavior 188, 189
– behavioral treatments 144
– biopsychosocial model 588
– character 205
– chronic 125, 126
– chronification 554
– classification 126, 144
– clinical assessment 138
– cognitive-behavioral treatments 144
– definition 125
– degenerative cervical disorders 436
– differentiation 204
– disability 157, 190
– discogenic 272
– dorsal 125
– duration 1125
– epidemiology 144
– family reinforcement 189
– functional 128
– generator model 588
– girdle-like 311
– historical background 123
– hypersensitivity 132, 136
– impairment 157
– inflammatory 126
– intensity 208
– lifetime prevalence 156
– management 420
– mechanical loading model 588
– medication 209
– modulation 133, 208
– motor control model 588
– musculoskeletal 125
– neuropathic 127, 138, 140, 333
– neurophysiological model 588
– neuroplasticity 145
– nociceptive 126, 138
– non-pharmacological treatment 143
– of the low back, see back pain
– onset 208
– pathophysiology 204
– pathways 128, 144
– perception 134
– peripheral 588
– persistent 135
– pharmacological treatment 141, 553
– point prevalence 154
– postoperative 409
– – relief 190
– projection 133
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– provocation 271, 546
– radiation 204
– radicular 156, 204, 222
– reduction 265, 267
– referred 156, 204
– relief 1125
– – ladder 141
– sciatic 156, 482
– subacute 126
– surgical treatment 144
– syndrome 208, 222, 282, 291
– theories 123, 124
– transmission 133
– treatment 139
– – concepts 145
painless atrophy 299
palpation
– of bony landmarks 216
– of the paravertebral muscles 216
pantaloon cast 552
PAP, see pulmonary artery pressure
papilledema 1006
paracetamol 141, 591
paraganglioma 997, 1000
paralysis of the quadriceps muscle 296
paralytic
– bowel dysfunction 420
– ileus 385, 422, 1113
paraparesis 487
paraplegia 18, 22, 23, 293, 297, 498, 503, 835, 1095, 1107,

1110
– non-traumatic acute 311
parasitic infection 1030
paraspinal
– abscess 1112
– muscle 605
– – fat deposits 113
paravertebral muscle 605
paresis 203, 222, 493
– flaccid 306
– of foot elevation 310
– spastic 306
parietal pleura 349, 351
Paris cast 899
Parkinson’s syndrome 333
partial thromboplastin time (PTT) 403
patient
– assessment 374
– positioning 1094
patient-controlled analgesia (PCA) 410, 421
Patrick test 215, 220
Pavlov index 440
PCA, see patient-controlled analgesia
PCU, see polycarbonate urethane
PE, see pulmonary embolism
pedicle
– screw 907
– – fixation 530, 561, 645
– – system 71
– – technique 84
– subtraction osteotomy 1072
pelvic incidence 769
penicillamine 380
penicillin 8
percutaneous
– debridement 1032
– posterolateral nucleotomy 498
Perdriolle method 635
peripheral
– nerve lesion 332

– neuropathy 524
persistent pain 135
PGE1, see prostaglandin E1
Phalen-Dixon sign 738, 747, 757
Philadelphia collar 845, 866
physical
– examination 212, 223
– – standing 211
– – walking 211
– fitness 187
– impairment 210
– rehabilitation training
– – acceleration/deceleration training 614
– – proprioception 614
– – strength endurance 614
– therapy 609
physiotherapy, scoliosis 639
pin prick 218
pincer
– effect 434
– type 913
placode 803, 816
plasma cell dyscrasia 935
plasmocytoma 961
plate fixation 867
– anterior 450
– multilevel fusion 450
platelet transfusion 404
plethysmography of the toe 398
pleural abscess 1099
PLIF, see posterior lumbar interbody fusion
PLL, see posterior longitudinal ligament
pneumonia 377, 1113
pneumothorax 1099
poliomyelitis 847
polycarbonate urethane (PCU) 83
polyethylene terephthalate (PET) 83
polyneuritis 295
polyneuropathy 293, 302, 332
polysynaptic reflex 301
polytrauma 826, 841, 892, 896, 909, 918
positron emission tomography (PET) 245
posterior
– approach to the thoracolumbar spine 358
– bisegmental reduction 907
– cervical approach
– – surgical anatomy 344
– cord syndrome 305
– decompression surgery 337
– dynamic stabilization system 82, 85
– instrumentation 71
– longitudinal ligament (PLL) 888
– lumbar interbody fusion (PLIF) 71, 75, 560, 563, 726, 753,

1104
– thoracolumbar approach
– – surgical anatomy 360
– transpedicular vertebrectomy 990
posterolateral
– corner 76
– fusion 559, 908
– vertebrectomy 992
postirradiation sarcoma 967
postoperative
– anuresis 1114
– bleeding 418, 1109
– bowel atonia 1113
– care 417, 423
– complications, see there
– extubation 418
– morbidity 417
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– pain management 420, 423
– rehabilitation 603
– – goals 607
– – principles 607, 618
– ventilation 418
post-thoracotomy pain syndrome 910
Pott’s
– disease 22, 75
– trias 23
predominant back pain
– magnetic resonance imaging 549
– standard radiographs 549
premedication 380
preoperative
– cardiac testing 375
– laboratory studies 375
– patient assessment 390
– physical examination 375
primary sensory neuron 129
progressive lumbar kyphosis 113
promontorium 366
propofol 406
proprioception 130, 218, 302, 614
prostaglandin 137, 142
– E1 (PGE1) 401
prostate cancer 978
proteoglycan 44, 96, 97, 106, 767
proteolytic matrix destruction 104
prothrombin time (PT) 403
proton (1H)-spectroscopy 239
protoplasm 112
provocative discography 284, 551, 637
– indications 271
pseudarthrosis 79, 565, 566, 750, 909
pseudo-Lasègue sign 220, 223
pseudo-meningocele 1106
psoas 53
– abscess 1112
– muscle 351, 355
psychogenic back pain score 187
Psychological General Well-Being Index (PGWBI) 1132
PT, see prothrombin time
pulmonary
– artery pressure (PAP) 398
– care 419
– disease 382
– edema 384
– embolism (PE) 380, 1113
pulse oximeter 1100

quality of life 1130
Queckenstedt’s sign 1008
questionnaire
– availability 1124
– pain assessment 1125
– validity 1124

radial nerve palsy 219
radicular
– claudication 519
– leg pain 488, 505
– pain 156, 204, 222, 436
– syndrome 204, 491
radiculopathy 208, 261, 293, 309, 310, 320, 332, 437, 483,

488, 494, 519, 1087
– C5 464
– – spondylotic 431
– cervical 461, 464, 465
– EMG recordings 330
– herniated disc 484

– magnetic resonance imaging (MRI) 439
– manipulative therapy 447
– radiography 439
radiograph 255
– cervical spine 229
– lateral bending 229
– lumbar spine 228
– oblique 441
– thoracic spine 228
– whole spine 229
railway spine 28
rear-end collision 834
receiver operating characteristics (ROC) 181
recombinant erythropoietin (rEPO) 402
recreational activity 616
rectus abdominus 53
recurrent laryngeal nerve (RLN)
– lesion 1096
– palsy 464
referred pain 156, 204
reflex deficit 299
regression analysis 184
rehabilitation
– aftercare period 614
– biopsychosocial model 606
– home exercise program 609
– physical training 614
– preoperative assessment 608
– preventive strategy 604
– program 605
– protocol 608
– psychosocial obstacles 617
– rehabilitative strategy 604
– treatment strategy 604
– work-related obstacles 617
relaxation training 594
Relton Hall frame 1094
renal cell tumor 992
repetitive motion 163
rEPO, see recombinant erythropoietin
residual paraplegia 381
respiratory failure 385
retraction frame 565
retractor system 910
retrograde ejaculation 358, 1114
retrolisthesis 541
return to work 614
reversed angle technique 228
revised cardiac risk index 378
rFVIIa 404
rheumatoid arthritis (RA) 376, 1041
– history 1045
– imaging studies 1045
– injection studies 1048
– non-operative treatment 1048
– operative treatment 1048
– physical findings 1045
– Ranawat classification 1044
– surgical techniques 1050
Rhomberg test 211, 438
rib
– cage deformity 648
– expander 707
rib-vertebral angle (RVA) 635
rigid collar 853
Ringer’s lactate solution 399
Risser sign 9, 632, 633, 776, 781
Robinson-Smith technique 449, 452
ROC, see receiver operating characteristics
Roland & Morris Disability Questionnaire (RMDQ) 1128
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Romanus lesion 255
Romberg’s test 302, 673
Roos test 217
Rossolimo sign 300
rotational fracture dislocation 886
rotatory atlantoaxial instability 854
roundback 774, 777
RVA, see rib-vertebral angle

sacral
– agenesis 799
– dome osteotomy 754
– sulcus 280
– tumor 957
– vertical line 627
sacrococcygeal fistula 814
sacroiliac joint 48, 220, 253
– block 280, 284
– imaging 248
– scintigraphy 1066
– syndrome 548
– – non-inflammatory 281
sacroiliitis 1065, 1066
safe triangle 263
sagittal
– balance 769
– plane deformity 693
– thoracic modifier (STM) 627
saline or balanced solution 399
salvage Gallie procedure 1104
SAPHO 237
sarcopenia 113
sarcoplasm 112
SB-Charité prosthesis 566
Scheuermann’s disease 14, 275, 765
– bracing 780
– casting 780
– correction 785
– fusion 785
– non-operative treatment 779
– posterior release 785
Schmorl’s node 14, 43, 771, 791
Schober test 213, 1062
Schwann cell damage 485
schwannoma 1000
SCI, see spinal cord injury
sciatic pain 156
sciatica 3, 15, 18, 164, 184, 188, 262, 270, 481, 483, 738, 931
– chemical irritation 485
– natural history 494
sclerosis 110
sclerotome 207, 436
SCM, see split cord malformation
scoliosis 1, 8, 175, 320, 382, 383, 394, 397, 401, 422
– back pain 718
– complications
– – neurological injury 651
– – surgery 651
– congenital 693
– – classification 695
– – curve progression 700
– – history 696
– – imaging studies 698
– – non-operative treatment 700
– – operative treatment 701
– curve assessment 630
– degenerative 713
– – classification 716
– – curve progression 719
– – decompression 724

– – history 717
– – imaging studies 720
– – operative treatment 723
– etiology 679
– idiopathic 377, 623, 697, 779, 957
– – complication rate 1089
– – adolescent 638
– – assessment of physical maturity 630
– – classification 626
– – complication rate 1089
– – etiology 625
– – genetic factors 625
– – history 627
– – imaging studies 632
– – infantile 637
– – injection studies 637
– – intraoperative neuromonitoring 641
– – juvenile 638
– – neurological assessment 630
– – neurophysiologic evaluation 637
– – non-operative options 639
– – operative treatment 641
– – surgical approach 642
– – surgical decision-making 647
– – treatment 637
– infantile 637
– lumbar 717
– natural history 638
– neuromuscular 663
– – bone grafting 685
– – bracing 678
– – classification 667
– – history 669
– – imaging studies 675
– – medical assessment 673
– – non-operative treatment 677
– – operative treatment 678
– – sacral and pelvic fixation 682
– – spinal cord monitoring 688
– – spinal fixation 682
– pathogenesis 9
– surgery 13, 398, 410
– thoracic 719
– thoracolumbar 719
– treatment 9, 13
Scoliosis Research Society Questionnaire 1132
Scotch cast 846
screw
– fixation 79
– – anterior atlantoaxial 362, 858
– – anterior odontoid 857
– – atlantoaxial pedicle 362
– – Galveston technique 368
– – iliac 366
– – lateral mass 363, 457
– – lower cervical spine pedicle 364
– – lumbar spine pedicle 364
– – Magerl technique 363
– – MW sacropelvic 368
– – of the occiput 361
– – pedicle 458, 561
– – posterior atlantoaxial transarticular 361
– – posterior atlantoaxial transaxial 860
– – Roy-Camille method 364
– – sacral 366
– – thoracic spine pedicle 365
– – translaminar 562, 565
– trajectory
– – convergent 71
– – extrapedicular 73
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– transarticular 73, 84
– translaminar 73, 84
screw-rod fixation system 562, 868
segment moyen 887
segmental
– distraction 77
– hypermobility 542
– instability 544
– – temporary stabilization 552
– kyphosis 84
– motion 79, 570
– – preservation 80
SEH, see spinal epidural hematoma
selective
– nerve root block (SNRB) 283, 490, 721
– – complications 265
– – indications 262
– – pain reduction 265
– serotonin reuptake inhibitor 143
sensorimotor integration 302
SEP, see somatosensory evoked potential
septic sacroiliitis 1065, 1066
sequestrectomy 498, 502
seroma 239
serotonin (5-HT) 132
serratus muscle 347
SF-36 564, 639, 915
Sharpey’s fibers 1065
shear force 887
shoulder
– depression test 217
– pain 431
shuttle walking test 520
SIDH, see syndrome of inappropriate secretion of

antidiuretic hormone
silhouette radiograph 635
skeletal
– dysplasia 777
– metastasis, see there
– muscle, age-related changes 112
– scintigraphy 898
skin stigmata 697
slipped apophysis 496 491
slow twitch 48
SMA, see spinal muscular atrophy
smoking 187
SMT, see spinal manipulative therapy
SNRB, see selective nerve root block
sodium valproate 801
soft
– collar 845
– herniation 432
somatosensory
– cortex 134
– evoked potential (SSEP) 326, 391, 444, 523, 637, 1095
– – recording 407
spastic
– diplegia 673
– paresis 306
spasticity 463
spectroscopy 239
spina
– bifida 696, 737, 814
– – aperta 802
– – cystica 802
– – occulta 211, 798, 802, 1104
– luxata 12, 22
spinal cord
– anatomy 5
– anomalies, risk factors 801

– blood flow (SCBF) 401
– blood supply 434
– compression 220, 249, 419, 457, 463, 776, 980, 1110
– – differential diagnosis 311
– – magnetic resonance imaging 441
– decompression 462, 782, 849, 904
– deformation 489
– disease 255
– distraction 832
– edema 985
– embryological development 800
– hyperexcitability 833
– injury (SCI) 304, 330, 384, 832, 848, 871, 885, 1106
– – non-operative treatment 899
– – steroid treatment 849, 899
– – traumatic 297
– ischemia 434, 652
– lesion 29, 250
– malformations 797
– – classification 802
– – diagnostic tests 815
– – treatment 815
– monitoring 405, 688
– signal intensity 442
– somatotopic organization 294, 320
– syndrome 304
– tumor, intrinsic resection 1012
– glial changes 137
spine/spinal
– age-related changes 111
– anatomy 4
– angiography 963
– artery syndrome 419
– arthrodesis 555, 679
– balance 650
– canal 440
– – narrowing 513
– – size 434
– – stenosis 246, 332, 463, 513
– – trefoil shape 515
– claudication 203, 204, 517
– column, resection 705
– cord, see there
– decompression 531
– deformity 27, 210, 222, 382, 419, 666, 687, 1058
– disorder 545
– – acute 155
– – bowl and bladder disorder 303
– – central (CNS) nervous system 295
– – chronic 155
– – classification 155, 167, 295
– – economic costs 159
– – epidemiology 153
– – etiology 155
– – flag system 165, 203
– – history 1
– – imaging 184
– – MR imaging 229
– – neurological assessment 298
– – neurological deficit 291
– – non-specific 155, 203
– – non-traumatic 291, 295
– – operative procedure 175
– – outcome of common surgical procedures 182
– – pain 204
– – peripheral nervous system (PNS) 295
– – physical examination 211
– – risk factors 153, 165, 167
– – specific 155, 203
– – subacute 155
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– – traumatic 293
– dysraphism 797
– – history 812
– – in utero treatment 816
– – surgery 816
– epidural hematoma (SEH) 381
– extension 54
– fixation 682
– flexion 54
– fracture 27, 830
– – complications 917
– – CT diagnosis 243
– – lumbar 918
– – thoracic 918
– functional unit 42, 93
– fusion 529, 554, 568, 570, 702
– – allograft 450
– – biology 555, 571
– – bone grafts 556
– – instrumented 560
– – motion preservation 566
– – non-instrumented 559
– – osteoconduction 555
– – osteogenesis 555
– – osteoinduction 555
– hemisyndrome 304
– hemorrhage 295
– hypersensitivity 833
– imaging, see there
– infection, see there
– injection 261, 551
– – contraindications 281
– – rationale 262
– injury 27, 892
– – Denis classification 888
– – traumatic 384
– instability 57, 58, 546, 887
– instrumentation 67, 69, 84, 560, 563, 573, 636, 641
– ischemia 312
– kinematics 54, 62
– ligament 6, 47, 61, 111
– lipoma 806
– loading 58, 62
– manipulative therapy (SMT) 447, 465, 592
– metastasis, see there
– motion segment 55
– muscle 52
– muscular atrophy (SMA) 666
– osteoarthritis 93
– pain, see there
– pathology, flag system 588
– physiology 4
– principal functions 41
– rehabilitation 606
– shock 304, 325, 384, 833, 836, 894
– stability 52, 887
– stabilization 67
– stenosis, see there
– surgery, see there
– thoracic 41
– trauma 563, 929
– – imaging studies 895
– tuberculosis 9, 22, 350
– tumor, see there
– whole spine radiographs 229
splenic injury 1100
split
– cord malformation (SCM) 809
– notochord syndrome 809
spondylarthritis 715

spondylectomy 970, 993
spondyloarthropathy (SPA) 1057, 1067
spondylodesis 67, 69, 78, 79, 175
spondylodiscitis
– after discography 1111
– aseptic 1075
spondylolisthesis 3, 46, 75, 162, 175, 358, 441, 515, 516, 528,

541, 545, 715, 733, 734
– acquired 757
– acute pain 745
– classification 735
– degenerative 738, 745, 1043
– developmental 754, 757
– high-grade 747
– history 736
– imaging 739
– interbody fusion 750
– isthmic 748
– low-grade 746
– lumbosacral 743
– non-operative treatment 745
– of the axis 860, 872
– operative treatment 747
– pathogenesis 735
– postsurgical 745
– sacral dome osteotomy 754
– slip reduction 750
– surgery 14, 752
– traumatic 871
spondylolysis 162, 175, 733
– block 276, 279, 283
– decompression 748
– fusion 748
– repair 748
spondylophytes 3
spondyloptosis 739, 756
– vertebrectomy 754
spondylosis 93, 715
– cervical radiculopathy 431
spondylotic
– pain 437
– syndrome 436, 438, 465
spoon test 303
SPORT trial 503
Spurling’s test 217, 437
SSEP, see somatosensory evoked potential
stabilization of the subaxial cervical spine 1051
stabilizing exercise 613
standard
– limited laminotomy 501
– radiograph 227
Staphylococcus
– aureus 393
– – methicillin-resistant 394
– epidermidis 393
static loading 58
stem cell, oncogenic mutation 956
stenosis 21, 110, 111, 262, 293, 327, 515, 531, 1043, 1102
– cardinal symptoms 519
– complications 1089
– computed tomography 522
– CT myelography 522
– diagnosis 520
– foraminal 1108
– instrumented fusion 529
– laminectomy 526
– lumbar 520
– magnetic resonance imaging (MRI) 522
– natural history 525
– neurogenic claudication 519

Subject Index 1159



– of the carotid artery 379
– of the spinal canal 246, 513
– physical findings 520
– surgical decompression 528
sterilization 8
sternocleidomastoid muscle 339
sternocostal junction 346
sternotomy 990
stiffness 48, 71, 76
STM, see sagittal thoracic modifier
strength endurance 614
strengthening exercise 592, 612
stress
– profilometry 44
– shielding 74, 75, 79
stroke 1091
strut-grafting 910
subacute pain 126
subarachnoid hemorrhage 1005
subaxial injury
– classification 865
– vertebral 864
subcutaneous rod 707
substance P 136
sulfasalazine 1068
superficial infection 1111
superior
– laryngeal nerve 341
– – lesion 1096
– mesenteric artery syndrome 1113
suppression 237
surgery 4
– airway assessment 376
– airway control 391
– analgesia 421
– anesthesia 389, 411
– anterior lumbar retroperitoneal approach 355
– anterior medial approach 337
– anterior-lateral retroperitoneal approach to the lumbar

spine 353
– antibiotic prophylaxis 393
– blood preserving techniques 400
– body temperature 399
– cell salvage 402
– comorbidities 417
– end of anesthesia 409
– endotracheal intubation 391
– high-risk patients 373
– indications 185
– local anesthetic 422
– lumbar disc herniation 482
– maintenance of anesthesia 396
– muscle detachment 605
– organ-specific assessment 385
– outcome 179
– – biological and demographic variables 186
– – measures 179, 192
– – predictors 183
– – psychological factors 187
– patient
– – assessment 374, 385
– – expectations 183
– – positioning 337, 394
– posterior approach
– – to the cervical spine 342
– – to the thoracolumbar spine 358
– postoperative
– – extubation 418
– – infections 393
– – pain management 409

– – rehabilitation 603
– – ventilation 418
– preanesthetic evaluation 373
– predictors of outcome 192
– prescreening tools 179
– reoperation 530
– screw insertion 361
– successful outcome 180
– thromboembolic disease 420
Swedish lumbar spine study 569
sympathectomy syndrome 358
symphysis 356
syndesmophytes 1065
syndrome of inappropriate secretion of antidiuretic hormone

(SIADH) 384
synfix 77
SynFrame 910
syringomyelia 635, 636, 669, 673, 803, 999

Tachosil 1098, 1099
tachycardia 384
– perioperative 418
tarsal tunnel syndrome 293
TCP, see tricalcium phosphate
TDA, see total disc arthroplasty
TDH, see thoracic disc herniation
tear-drop
– fracture 831
– injury 869
technetium-99m bone scan 961
TEE, see transesophageal echocardiography
telomere 953
tendinopathy 1062
tendon reflex 218
tendon-tap reflex 325
tenotomy 13
tension band 78
test-retest reliability 1135
tethered cord 211, 629, 635, 1093
– cutaneous markers 813
– syndrome 799, 806, 811, 812
– – diagnostic tests 815
– – neurological findings 802
– – surgery 817
– – treatment 815
tetrahydrobiopterin synthesis 137
tetraparesis 444
tetraplegia 293, 297, 851
TGF- q 106
thalamus 134
thecal sac 527
thiopental 406
thoracic
– curve 648
– disc herniation (TDH) 502
– discography 274
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– staging 964, 986
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ulnar nerve
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vascular
– compression theory 517, 531
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VBCF, see vertebral body compression fracture
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– thromboembolism 380
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WAD, see whiplash-associated disorder
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