


This page intentionally left blank 



Evidence-Based 
Chronic Pain 
Management
Edited by

Catherine F. Stannard MB ChB, FRCA, FFPMRCA
Consultant in Pain Medicine
Pain Clinic, Macmillan Centre
Frenchay Hospital
Bristol, UK

Eija Kalso MD, DMedSci
Professor of Pain Research and Management
University of Helsinki and Pain Clinic
Department of Anaesthesia and Intensive Care Medicine
Helsinki University Central Hospital
Finland

Jane Ballantyne MD
Professor of Anesthesiology and Critical Care
Hospital of the University of Pennsylvania
Philadelphia
PA, USA



This edition first published 2010, © 2010 by Blackwell Publishing Ltd

BMJ Books is an imprint of BMJ Publishing Group Limited, used under licence by Blackwell Publishing 
which was acquired by John Wiley & Sons in February 2007. Blackwell’s publishing program has been 
merged with Wiley’s global Scientific, Technical and Medical business to form Wiley-Blackwell.

Registered office: John Wiley & Sons Ltd, The Atrium, Southern Gate, Chichester, West Sussex, 
PO19 8SQ, UK

Editorial offices: 9600 Garsington Road, Oxford, OX4 2DQ, UK
        111 River Street, Hoboken, NJ 07030-5774, USA"
        The Atrium, Southern Gate, Chichester, West Sussex, PO19 8SQ, UK

For details of our global editorial offices, for customer services and for information about how to 
apply for permission to reuse the copyright material in this book please see our website at www.wiley.
com/wiley-blackwell.

The right of the author to be identified as the author of this work has been asserted in accordance with 
the Copyright, Designs and Patents Act 1988.

All rights reserved. No part of this publication may be reproduced, stored in a retrieval system, or 
transmitted, in any form or by any means, electronic, mechanical, photocopying, recording or otherwise, 
except as permitted by the UK Copyright, Designs and Patents Act 1988, without the prior permission of 
the publisher.

Wiley also publishes its books in a variety of electronic formats. Some content that appears in print may 
not be available in electronic books.

Designations used by companies to distinguish their products are often claimed as trademarks. 
All brand names and product names used in this book are trade names, service marks, trademarks or 
registered trademarks of their respective owners. The publisher is not associated with any product 
or vendor mentioned in this book. This publication is designed to provide accurate and authoritative 
information in regard to the subject matter covered. It is sold on the understanding that the publisher 
is not engaged in rendering professional services. If professional advice or other expert assistance is 
required, the services of a competent professional should be sought.

The contents of this work are intended to further general scientific research, understanding, 
and discussion only and are not intended and should not be relied upon as recommending or 
promoting a specific method, diagnosis, or treatment by physicians for any particular patient. 
The publisher and the authors make no representations or warranties with respect to the accuracy or 
completeness of the contents of this work and specifically disclaim all warranties, including without 
limitation any implied warranties of fitness for a particular purpose. In view of ongoing research, 
equipment modifications, changes in governmental regulations, and the constant flow of information 
relating to the use of medicines, equipment, and devices, the reader is urged to review and evaluate the 
information provided in the package insert or instructions for each medicine, equipment, or device for, 
among other things, any changes in the instructions or indication of usage and for added warnings and 
precautions. Readers should consult with a specialist where appropriate. The fact that an organization or 
website is referred to in this work as a citation and/or a potential source of further information does not 
mean that the authors or the publisher endorse the information the organization or website may provide 
or recommendations it may make. Further, readers should be aware that internet websites listed in this 
work may have changed or disappeared between when this work was written and when it is read. 
No warranty may be created or extended by any promotional statements for this work. Neither the 
publisher nor the author shall be liable for any damages arising herefrom.

ISBN: 9781405152914

Library of Congress Cataloging-in-Publication Data

Evidence-based chronic pain management / edited by Catherine F. Stannard, Eija Kalso, 
Jane Ballantyne.
  p. ; cm.
 Includes bibliographical references and index.
 ISBN 978-1-4051-5291-4
 1. Chronic pain. I. Stannard, Catherine F. II. Kalso, Eija, 1955- III. Ballantyne, Jane, 1948- 
 [DNLM: 1. Pain—therapy. 2. Chronic Disease. 3. Evidence-Based Medicine. WL 704 E925 2010]

RB127.E95 2010
616�.0472—dc22

2009042743
A catalogue record for this book is available from the British Library.

Set in 9.5/12pt Minion by Macmillan Publishing Solutions, Chennai, India

Printed in Singapore

1 2010

http://www.wiley.com/wiley-blackwell
http://www.wiley.com/wiley-blackwell


iii

Contents

 9 Pain associated with osteo-arthritis, 97
  David L. Scott

10 Pain associated with rheumatoid arthritis, 106
  Paul Creamer and Sarah Love-Jones

11 Fibromyalgia, 121
  Winfried Häuser, Kati Thieme, Frank Petzke and 

Claudia Sommer

12 Facial pain, 134
  Joanna M. Zakrzewska

13 Pelvic and perineal pain in women, 151
  William Stones and Beverly Collett

14 Perineal pain in males, 162
  Andrew P. Baranowski

15 Pain from abdominal organs, 174
  Timothy J. Ness and L. Vandy Black

16 Postsurgical pain syndromes, 194
  Fred Perkins and Jane Ballantyne

17 Painful diabetic neuropathy, 204
  Christina Daousi and Turo J. Nurmikko

18 Postherpetic neuralgia, 222
  Turo J. Nurmikko

19 Phantom limb pain, 237
  Lone Nikolajsen

20 Complex regional pain syndrome, 248
  Andreas Binder and Ralf Baron

21 Central pain syndromes, 267
 Kristina B. Svendsen, Nanna B. Finnerup, 

Henriette Klit and Troels Staehelin Jensen

List of contributors, v

Preface, ix

List of abbreviations, xi

Part 1 Understanding evidence and 
pain, 1

 1 Why evidence matters, 3
 Andrew Moore and Sheena Derry

 2  Clinical trial design for chronic pain 
treatments, 14

  Alec B. O’Connor and Robert H. Dworkin

 3 Introduction to evaluation of evidence, 31
  Eija Kalso

 4 Neurobiology of pain, 42
  Victoria Harvey and Anthony Dickenson

 5 Intractable pain and the perception of time: every 
patient is an anecdote, 52

  David B. Morris

 6 Psychology of chronic pain and evidence-based 
psychological interventions, 59

  Christopher Eccleston

Part 2 Clinical pain syndromes: the 
evidence, 69 

 7 Chronic low back pain, 71
  Maurits van Tulder and Bart Koes

 8 Chronic neck pain and whiplash, 83
  Allan Binder



iv

22 Headache, 279
  Peer Tfelt-Hansen

23 Chest pain syndromes, 292
  Austin Leach and Michael Chester

Part 3 Cancer pain, 309

24 Oncologic therapy in cancer pain, 311
  Rita Janes and Tiina Saarto

25 Cancer pain: analgesics and co-analgesics, 327
  Rae Frances Bell

26 Psychologic interventions for cancer pain, 337
  Francis J. Keefe, Tamara J. Somers and 

Amy Abernethy

27 Transcutaneous electrical nerve stimulation and 
acupuncture, 348

  Mark I. Johnson

Part 4 Treatment modalities: the 
evidence, 367

28 Interventional therapies, 369
  Anthony Dragovich and Steven P. Cohen

29 Spinal cord stimulation for refractory 
angina, 400

 Mats Börjesson, Clas Mannheimer, Paulin Andréll 
and Bengt Linderoth

30 Rehabilitative treatment for chronic pain, 407
 James P. Robinson, Raphael Leo, Joseph Wallach, 

Ellen McGough and Michael Schatman

31 Drug treatment of chronic pain, 424
  Henry McQuay

32 Complementary therapies for pain relief, 434
  Edzard Ernst

 Index, 439

Contents



v

List of contributors

Amy Abernethy MD
Associate Director
Duke Comprehensive Cancer Center
Associate Professor of Medicine
Duke University Medical Center
Durham, NC, USA

Paulin Andréll
Pain Centre, Department of Medicine
Sahlgrenska University Hospital/Östra
Göteborg University

Göteborg, Sweden

Andrew P. Baranowski BSc Hons, MBBS, 
FRCA, MD, FFPMRCA
Consultant and Honorary Senior Lecturer in Pain Medicine
The Pain Management Centre
The National Hospital for Neurology and Neurosurgery
University College London Hospitals
London, UK

Ralf Baron MD
Head, Division of Neurological Pain Research and Therapy
Department of Neurology
Universitaetsklinikum Schleswig-Holstein
Kiel, Germany

Rae Frances Bell MD, PhD
Senior Consultant Anaesthetist
Head of Multidisciplinary Pain Clinic/Research Fellow
Regional Centre of Excellence in Palliative Care
Haukeland University Hospital Bergen, Norway

Andreas Binder MD
Division of Neurological Pain Research and Therapy
Department of Neurology
Universitaetsklinikum Schleswig-Holstein
Kiel, Germany

Allan Binder
Lister Hospital
E & N Hertfordshire NHS Trust
Stevenage, UK

L. Vandy Black MD
Division of Pediatric Hematology
Johns Hopkins University
Baltimore, MD, USA

Mats Börjesson MD, PhD
Associate Professor, Sahgrenska University 
Hospital/Östra
Department of Medicine and Pain Center
Göteborg, Sweden

Michael Chester MBBS MRCP MD FESC
Consultant Cardiologist & Director
National Refractory Angina Centre
Royal Liverpool and Broadgreen University Hospital
Liverpool, UK

Steven P. Cohen MD
Johns Hopkins Medical Institutions
Baltimore, MD
Walter Reed Army Medical Center
Washington, DC, USA

Beverly Collett MB.BS, FRCA, FFPMRCA
Consultant in Pain Medicine
Pain Management Service
University Hospitals of Leicester
Leicester, UK

Paul Creamer MD, FRCP
Consultant Rheumatologist
Southmead Hospital, Bristol, UK



vi

Christina Daousi MRCP, MD
Senior Lecturer and Honorary Consultant Physician in 
Diabetes & Endocrinology
University Hospital Aintree
Clinical Sciences Centre
Liverpool, UK

Sheena Derry MA
Senior Research Officer
Nuffield Department Anaesthetics
University of Oxford
Oxford, UK

Anthony Dickenson PhD
Professor of Neuropharmacology
Department of Pharmacology 
University College London
London, UK

Anthony Dragovich MD
Assistant Professor of Anesthesiology
Womack Army Medical Center
Fort Bragg, NC, USA

Robert H. Dworkin PhD
Professor of Anesthesiology, Neurology, Oncology, and 
Psychiatry
University of Rochester School of Medicine and 
Dentistry
Rochester, NY, USA

Christopher Eccleston PhD
Professor of Psychology & Director
Centre for Pain Research and 
Coordinating Editor of Pain Palliative and Supportive Care 
Cochrane Review Group
University of Bath, Bath, UK

Edzard Ernst MD, PhD, FMed Sci, FSB, 
FRCP, FRCP (Edin.)
Laing Chair of Complementary Medicine
Peninsula Medical School
Universities of Exeter and Plymouth
Exeter, UK

Nanna B. Finnerup MD, PhD
Associate Professor, Danish Pain Research Center 
and Department of Neurology
Aarhus University Hospital, Aarhus, Denmark

Victoria Harvey PhD
Department of Pharmacology
University College London
London, UK

Winfried Häuser MD
Head, Psychosomatic Medicine
Department Internal Medicine 1
Center of Pain Therapy
Klinikum Saarbrücken
Saarbrücken, Germany

Rita Janes MD
Consultant in Oncology
Department of Oncology
Helsinki University Hospital
Helsinki, Finland

Troels Staehelin Jensen MD, DMSc
Professor of Experimental and Clinical Pain Research
Danish Pain Research Center and Department of Neurology
Aarhus University Hospital
Aarhus, Denmark

Mark I. Johnson PhD, BSc
Professor of Pain and Analgesia
Faculty of Health, Leeds Metropolitan University 
and Leeds Pallium Research Group
Leeds, UK

Francis J. Keefe PhD
Professor & Director, Pain Prevention and Treatment 
Research Program
Department of Psychiatry and Behavioral Sciences
Duke University Medical Center
Durham, NC, USA 

Henriette Klit MD
Danish Pain Research Center and Department of Neurology
Aarhus University Hospital
Aarhus, Denmark

Bart Koes PhD
Professor of General Practice
Erasmus MC-University Medical Center
Rotterdam, The Netherlands

Austin Leach FRCA, FFPMRCA
Consultant in Pain Medicine
National Refractory Angina Centre
Royal Liverpool and Broadgreen University Hospital
Liverpool, UK

List of contributors



vii

Raphael Leo MA, MD
Associate Professor, Department of 
Psychiatry
School of Medicine and Biomedical Sciences
State University of New York at Buffalo
Buffalo, NY, USA

Bengt Linderoth MD, PhD
Professor & Head; Functional 
Neurosurgery 
and Applied Neuroscience Research 
Program
Karolinska Institutet
Stockholm, Sweden

Sarah Love-Jones 
Frenchay Hospital
Bristol, UK

Clas Mannheimer MD
Professor & Head, Multidisciplinary 
Pain Center
Department of Medicine
Sahlgrenska University Hospital/Östra
University of Göteborg
Göteborg, Sweden

Ellen McGough
Biobehavioral Nursing and Health Systems
University of Washington
Washington, DC, USA

Henry McQuay
Nuffield Professor of Clinical Anaesthetics
John Radcliffe Hospital
University of Oxford
Oxford, UK

Andrew Moore DSC
Research Director
Nuffield Department of Anaesthetics
University of Oxford
John Radcliffe Hospital
Oxford, UK

David B. Morris PhD
University Professor
University of Virginia
Charlottesville
VA, USA

Timothy J. Ness MD, PHD 
Simon Gelman Endowed Professor
Department of Anesthesiology
University of Alabama at Birmingham
Birmingham, AL, USA

Lone Nikolajsen MD, PhD
Consultant, Department of Anaesthesiology 
and Danish Pain Research Center
Aarhus University Hospital
Aarhus, Denmark

Turo J. Nurmikko MD, PhD
Professor of Pain Science
Neuroscience Research Unit
School of Clinical Sciences
University of Liverpool
Liverpool, UK

Alec B. O’Connor MD, MPH
Associate Professor of Medicine
University of Rochester School of 
Medicine and Dentistry
Rochester, NY, USA

Frederick M. Perkins MD
Chief, Anesthesia
United States Department of Veteran Affairs
White River Junction, VT, USA

Frank Petzke MD
Uniklinik Köln, Department of Anesthesiology
and Postoperative Intensive Care Medicine
Köln, Germany

James P. Robinson MD, PhD
Department of Rehabilitation Medicine
University of Washington
Washington, DC, USA

Tiina Saarto MD, PhD
Consultant in Oncology and 
Head, Department of Oncology
Helsinki University Hospital
Helsinki, Finland

Michael Schatman PhD, CPE
Research Director, Pain and Addiction Study Foundation
Bellevue, WA, USA

List of contributors



viii

David L. Scott BSc, MD, FRCP
Professor of Clinical Rheumatology
Department of Rheumatology and Weston Education 
Centre
Kings College London School of Medicine
London, UK

Tamara J. Somers PhD
Assistant Professor, Department of Psychiatry 
and Behavioral Sciences
Duke University Medical Center
Durham, NC USA

Claudia Sommer MD
Professor of Neurology
Universität Würzburg
Würzburg, Germany

William Stones 
Chair, Department of Obstetrics and Gynaecology
Aga Khan University Hospital
Nairobi, Kenya

Kristina B. Svendsen MD, PhD
Danish Pain Research Center and Department of Neurology
Aarhus University Hospital

Aarhus, Denmark

Peer Tfelt-Hansen MD DMSc
Danish Headache Centre
Department of Neurology
University of Copenhagen
Glostrup Hospital
Glostrup, Denmark

Kati Thieme PhD
Center for Neurosensory Disorders
Thurston Arthritis Research Center
University of North Carolina
Chapel Hill, NC, USA

Maurits van Tulder PhD
Professor, Department of Health Sciences 
and EMGO Insitute for Health and Care Research
Faculty of Earth and Life Sciences
VU University
Amsterdam, The Netherlands

Joseph Wallach 
Department of Psychiatry
School of Medicine and Biomedical Sciences
State University of New York at Buffalo
Buffalo, NY, USA

Joanna M. Zakrzewska MD, FDSRCS, 
FFDRCS
Division of Diagnostic, Surgical and Medical Sciences
Eastman Dental Hospital
UCLH NHS Foundation Trust
London, UK

List of contributors



ix

Preface

ing interventions. Trial sensitivity means that there 
should be enough pain to be relieved. Expectation and 
conditioning are important in both the placebo effect 
and in pain relief. Another challenge has been the 
number of patients needing to be included in a treat-
ment arm in order to provide the study with enough 
power to produce reliable results. In addition to trial 
quality, issues of validity have become increasingly 
important. Validity involves understanding both the 
clinical condition and the interventions that are stud-
ied. This means systematic reviews and meta-analyses 
need collaboration between contributors who have 
competence in search and meta-analytical methods 
and clinicians who are experienced in the clinical field 
being studied. 

Traditional randomized and controlled trials con-
centrate on the mean effect and what happens to 
the majority, i.e. the average patient. With increas-
ing understanding of the genetic and environmental 
effects on individual differences the average response 
needs to be considered critically. Evidence-based 
medicine will provide the basis for treatment choices 
but the patient’s individual characteristics also need 
to be considered. Clinical trial methodology must 
be developed in order to take patient variability into 
consideration. Performing meta-analyses based on 
individual patient data could provide new possibili-
ties for understanding the pathophysiology of chronic 
pain.

During the production of this book a prolific US 
researcher in the field of pain was shown to have fab-
ricated data in some 21 studies published in peer-
reviewed journals. The fraud is believed to be one 
of the largest known cases of academic misconduct 
and was widely reported in the American media. 

Evidence-based medicine is now firmly established 
as a basis for clinical decision making. It is also advo-
cated by national and international institutions and 
policy makers. Systematic reviews are used for the 
writing of guidelines and consensus documents relat-
ing to clinical practice. 

Evidence-based pain management had its start 
around 15 years ago when the doctoral thesis Meta-
Analysis of Randomised Clinical Trials in Pain Relief 
by Alejandro Jadad-Bechara was approved at the 
University of Oxford. The first database that was used 
for Dr Jadad’s thesis was compiled from articles that 
were hand searched and photocopied. Today’s meta-
analyses are facilitated considerably by advances in 
electronic database and search engine technology.

In 1998 Oxford University Press published An 
Evidence-Based Resource for Pain Relief by Henry 
McQuay and Andrew Moore. This was followed by 
Bandolier’s Little Book of Pain and Making Sense of 
the Medical Evidence. These books and many original 
papers based on meta-analyses and systematic reviews 
have changed the way in which clinical research 
papers are assessed. Many early studies addressed 
methodological issues. One of the most obvious con-
sequences of these seminal papers was the improve-
ment in the design of clinical trials in pain relief in 
line with the developments in other fields of medi-
cine. Randomization, blinding and the appropriate 
selection control groups, both active and inactive, 
were the most important issues. More recently, the 
CONSORT and QUORUM statements have provided 
guidance on how these factors should be addressed in 
clinical trials.

Trial sensitivity and the placebo response are par-
ticularly important questions in studies of pain reliev-
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Academic dishonesty on this scale produces enor-
mous collateral damage. The papers were withdrawn 
from the journals (and all relevant references have 
been removed from this book). All authors and pub-
lishers in the field have had to re-examine the fraud-
ulent material and mitigate the influence of these 
studies. Systematic reviews and meta-analyses con-
taining the data have needed to be recalculated. The 
episode has brought to the fore discussions regard-
ing academic integrity and probity and highlights the 
vigilance with which journal editors, publishers and 
readers of scientific material must exclude sources 
of bias and to identify data that may mislead either 
deliberately or unintentionally. 

We have been fortunate to attract international 
leaders in the field of pain management, as well as 

experts in systematic analysis, to contribute to this 
book on evidence-based chronic pain management. 
The involvement of such individuals is a testament 
to a shared recognition that a book that consolidates 
evidence supporting and refuting the many available 
approaches to managing chronic pain will be a valu-
able addition to the literature. We hope this book will 
guide practitioners in their treatment choices by help-
ing them to identify which treatments offer the great-
est hope of improving pain for patients, and those 
therapies which evidence suggests have low likelihood 
of success, poor cost-effectiveness, or both. 

Cathy Stannard
Eija Kalso

Jane Ballantyne

Preface
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Evidence-Based Chronic Pain Management. Edited by 
C. Stannard, E. Kalso and J. Ballantyne. © 2010 Blackwell 
Publishing.

CHAPTER 1

Why evidence matters

Andrew Moore and Sheena Derry
Pain Research, Nuffield Department of Anaesthetics, John Radcliffe Hospital, Oxford, UK 

Introduction

There are two ways of answering a question about 
what evidence-based medicine (EBM) is good for 
or even what it is. One is the dry, formal approach, 
essentially statistical, essentially justifying a pro-
scriptive approach to medicine. We have chosen, 
instead, a freer approach, emphasizing the utility 
of knowing when “stuff ” is likely to be wrong and 
being able to spot those places where, as the old 
maps would tell us, “here be monsters.” This is the 
Bandolier approach, the product of the hard knocks 
of a couple of decades or more of trying to under-
stand evidence.

What both of us (and Henry McQuay and other 
collaborators over the years), on our different jour-
neys, have brought to the examination of evidence 
is a healthy dose of skepticism, perhaps epitomized 
in the birth of Bandolier. It came during a lecture on 
evidence-based medicine by a public health doctor, 
who proclaimed that only seven things were known to 
work in medicine. By known, he meant that they were 
evidenced by systematic review and meta- analysis. A 
reasonable point, but there were unreasonable  people 
in the audience. One mentioned thiopentone for 
induction of anesthesia, explaining that with a syringe 
and needle anyone, without exception, could be put 
to sleep given enough of this useful barbiturate; today 
we would say that it had an NNT of 1. So now we 
had seven things known to work in medicine, plus 

thiopentone. We needed somewhere to put the  bullet 
points of evidence; you put bullets in a  bandolier 
(a shoulder belt with loops for ammunition).

The point of this tale is not to traduce well-
 meaning public health docs, or meta-analyses, but 
rather to make the point that evidence comes in dif-
ferent ways and that different types of evidence have 
different weight in different circumstances. There is 
no single answer to what is needed, and we have often 
to think outside what is a very large box. Too often, 
EBM seems to be corralled into a very small box, with 
the lid nailed tightly shut and no outside thinking 
allowed.

If there is a single unifying theory behind EBM, 
it is that, whatever sort of evidence you are looking 
at, you need to apply the criteria of quality, validity, 
and size. These issues have been explored in depth for 
clinical trials, observational studies, adverse events, 
diagnosis, and health economics [1], and will not be 
rehearsed in detail in what follows. Rather, we will try 
to explore some issues that we think are commonly 
overlooked in discussions about EBM. 

We talk to many people about EBM and those not 
actively engaged in research in the area are frequently 
frustrated by what they see as an impossibly compli-
cated discipline. Someone once quoted Ed Murrow 
at us, who, talking about the Vietnam war, said that 
“Anyone who isn’t confused doesn’t really understand 
the situation” (Walter Bryan, The Improbable Irish, 
1969). We understand the sense of confusion that can 
arise, but there are good reasons for continuing to 
grapple with EBM. The first of these is all about the 
propensity of research and other papers you read to 
be wrong. You need to know about that, if you know 
nothing else.
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4

Most published research false?

It has been said that only 1% of articles in scientific 
journals are scientifically sound [2]. Whatever the 
exact percentage, a paper from Greece [3], replete 
with Greek mathematical symbols and philosophy, 
makes a number of important points which are use-
ful to think of as a series of little laws (some of which 
we explore more fully later) to use when considering 
evidence. 

The smaller the studies conducted in a scientific 
field, the less likely the research findings are to be 
true.
The smaller the effect sizes in a scientific field, the 
less likely the research findings are to be true.
The greater the number and the fewer the selection 
of tested relationships in a scientific field, the less 
likely the research findings are to be true.
The greater the flexibility in designs, definitions, 
outcomes, and analytical modes in a scientific field, 
the less likely the research findings are to be true.
The greater the financial and other interests and 
prejudices in a scientific field, the less likely the 
research findings are to be true. (These might 
include research grants or the promise of future 
research grants.)
The hotter a scientific field (the more scientific 
teams involved), the less likely the research findings 
are to be true.

Ioannidis then performs a pile of calculations and 
simulations and demonstrates the likelihood of us 
getting at the truth from different typical study types 
(Table 1.1). This ranges from odds of 2:1 on (67% 
likely to be true) from a systematic review of good-
quality randomized trials, through 1:3 against (25% 

•

•

•

•

•

•

likely to be true) from a systematic review of small 
inconclusive randomized trials, to even lower levels 
for other study architectures.

There are many traps and pitfalls to negotiate when 
assessing evidence, and it is all too easy to be misled 
by an apparently perfect study that later turns out to 
be wrong or by a meta-analysis with impeccable cre-
dentials that seems to be trying to pull the wool over 
our eyes. Often, early outstanding results are followed 
by others that are less impressive. It is almost as if 
there is a law that states that first results are always 
spectacular and subsequent ones are mediocre: the 
law of initial results. It now seems that there may be 
some truth in this.

Three major general medical journals (New 
England Journal of Medicine, JAMA, and Lancet) 
were searched for studies with more than 1000 cita-
tions published between 1990 and 2003 [4]. This is an 
extraordinarily high number of citations when you 
think that most papers are cited once if at all, and that 
a citation of more than a few hundred times is almost 
as rare as hens’ teeth. 

Of the 115 articles published, 49 were eligible for 
the study because they were reports of original  clinical 
research (like tamoxifen for breast cancer prevention 
or stent versus balloon angioplasty). Studies had sam-
ple sizes as low as nine and as high as 87,000. There 
were two case series, four cohort studies, and 43 rand-
omized trials. The randomized trials were very varied 
in size, though, from 146 to 29,133 subjects (median 
1817). Fourteen of the 43 randomized trials (33%) 
had fewer than 1000 patients and 25 (58%) had fewer 
than 2500 patients.

Of the 49 studies, seven were contradicted by later 
research. These seven contradicted studies included 

Table 1.1 Likelihood of truth of research findings from various typical study architectures

Example Ratio of true to not true

Confirmatory meta-analysis of good-quality RCTs 2:1
Adequately powered RCT with little bias and 1:1 prestudy odds 1:1
Meta-analysis of small, inconclusive studies 1:3
Underpowered and poorly performed phase I–II RCT 1:5
Underpowered but well-performed phase I–II RCT 1:5
Adequately powered exploratory epidemiologic study 1:10
Underpowered exploratory epidemiologic study 1:10
Discovery-orientated exploratory research with massive testing 1:1000
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one case series with nine patients, three cohort studies 
with 40,000–80,000 patients, and three randomized 
trials, with 200, 875 and 2002 patients respectively. So 
only three of 43 randomized trials were contradicted 
(7%), compared with half the case series and three-
quarters of the cohort studies.

A further seven studies found effects stronger than 
subsequent research. One of these was a cohort study 
with 800 patients. The other six were randomized tri-
als, four with fewer than 1000 patients and two with 
about 1500 patients.

Most of the observational studies had been contra-
dicted, or subsequent research had shown substan-
tially smaller effects, but most randomized studies 
had results that had not been challenged. Of the nine 
randomized trials that were challenged, six had fewer 
than 1000 patients, and all had fewer than 2003 
patients. Of 23 randomized trials with 2002 patients 
or fewer, nine were contradicted or challenged. None 
of the 20 randomized studies with more than 2003 
patients were challenged.

There is much more in these fascinating papers, but 
it is more detailed and more complex without becom-
ing necessarily much easier to understand. There is 
nothing that contradicts what we already know, namely 
that if we accept evidence of poor quality, without 
validity or where there are few events or numbers of 
patients, we are likely, often highly likely, to be misled.

If we concentrate on evidence of high quality, 
which is valid, and with large numbers, that will 
hardly ever happen. As Ioannidis also comments, if 
instead of chasing some ephemeral statistical signifi-
cance we concentrate our efforts where there is good 
prior evidence, our chances of getting the true result 
are better. This may be why clinical trials on pharma-
ceuticals are so often significant statistically, and in 
the direction of supporting a drug. Yet even in that 
very special circumstance, where so much treasure 
is expended, years of work with positive results can 
come to naught when the big trials are done and do 
not produce the expected answer.

Limitations

Whatever evidence we look at, there are likely to be 
limitations to it. After all, there are few circumstances 
in which one study, of whatever architecture, is likely 
to be able to answer all the questions we need to know 

about an intervention. For example, trials capturing 
information about the benefits of treatment will not 
be able to speak to the question of rare, but serious, 
adverse events.

There are many more potential limitations. 
Studies may not be properly conducted or reported 
according to recognized standards, like CONSORT 
for randomized trials (www.consort-statement.
org), QUOROM for systematic reviews, and other 
standards for other studies. They may not measure 
 outcomes that are useful, or be conducted on patients 
like ours, or present results in ways that we can eas-
ily comprehend; trials may have few events, when 
not much happens, but make much of not much, as 
it were. Observational studies, diagnostic studies, and 
health economic studies all have their own particular 
set of limitations, as well as the more pervasive sins of 
significance chasing, or finding evidence to support 
only preconceptions or idées fixes.

Perfection in terms of the overall quality and extent 
of evidence is never going to happen in a single study, 
if only because the ultimate question – whether this 
intervention will work in this patient and produce 
no adverse effects – cannot be answered. The average 
results we obtain from trials are difficult to extrapo-
late to individuals, and especially the patients in front 
of us (of which more later).

Acknowledging limitations
Increasingly we have come to expect authors to make 
some comment about the limitations of their studies, 
even if it is only a nod in the direction of acknowl-
edging that there are some. This is not easy, because 
there is an element of subjectivity about this. Authors 
may also believe, with some reason, that spending too 
much time rubbishing their own results will result 
in rejection by journals, and rejection is not appreci-
ated by pointy-headed academics who live or die by 
publications.

Even so, the dearth of space given over to discuss-
ing the limitations of studies is worrying. A recent 
survey [5] that examined 400 papers from 2005 in the 
six most cited research journals and two open-access 
journals showed that only 17% used at least one word 
denoting limitations in the context of the scientific 
work presented. Among the 25 most cited journals, 
only one (JAMA) asks for a comments section on 
study limitations, and most were silent.
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Statistical testing

It is an unspoken belief that to have a paper pub-
lished, it helps to report some measure with a sta-
tistically significant difference. This leads to the 
phenomenon of significance chasing, in which data 
are analyzed to death and the aim is to find any test 
with any data that show significance at the paltry 
level of 5%. A P value of 0.05, or significance at the 
5% level, tells us that there is a 1 in 20 chance that 
the results occurred by chance. As an aside, you might 
want to ask yourself how happy you are with 1 in 
20; after all, if you throw two dice, double six seems 
to occur frequently and that is a chance of 1 in 36. If 
you want to examine evidence with a cold and fishy 
eye, try recognizing significance only when it is at the 
1 in 100 level, or 1%, or a P value of 0.001; it often 
changes your view of things.

Multiple statistical testing
The perils of multiple statistical testing might have 
been drummed into us during our education but as 
researchers, we often forget them in the search for 
“results,” especially when such testing confirms our 
pre-existing biases. A large and thorough examina-
tion of multiple statistical tests underscores the prob-
lems this can pose [6].

This was a population-based retrospective cohort 
study which used linked administrative databases 
covering 10.7 million residents of Ontario aged 
18–100 years who were alive and had a birthday in 
the year 2000. Before any analyses, the database was 
split in two to provide both derivation and validation 
cohorts, each of about 5.3 million persons, so that 
associations found in one cohort could be confirmed 
in the other cohort.

The cohort comprised all admissions to Ontario 
hospitals classified as urgent (but not elective or 
planned) using DSM criteria, and ranked by fre-
quency. This was used to determine which persons 
were admitted within the 365 days following their 
birthday in 2000, and the proportion admitted under 
each astrological sign. The astrological sign with the 
highest hospital admission rate was then tested statis-
tically against the rate for all 11 other signs combined, 
using a significance level of 0.05. This was done until 
two statistically significant diagnoses were identified 
for each astrological sign.

In all, 223 diagnoses (accounting for 92% of all 
urgent admissions) were examined to find two sta-
tistically significant results for each astrological sign. 
Of these, 72 (32%) were statistically significant for at 
least one sign compared with all the others combined. 
The extremes were Scorpio, with two significant 
results, and Taurus, with 10, with significance levels 
of 0.0003 to 0.048.

The two most frequent diagnoses for each sign 
were used to select 24 significant associations in the 
derivation cohort. These included, for instance, intes-
tinal obstructions and anemia for people with the 
astrological sign of Cancer, and head and neck symp-
toms and fracture of the humerus for Sagittarius. 
Levels of statistical significance ranged from 0.0006 to 
0.048, and relative risk from 1.1 to 1.8 (Fig. 1.1), with 
most being modest.

Protection against spurious statistical significance 
from multiple comparisons was tested in several 
ways.

When the 24 associations were tested in the 
 validation cohort, only two remained significant: 
 gastrointestinal haemorrhage and Leo (relative risk 
1.2), and fractured humerus for Sagittarius (relative 
risk 1.4). 

Using a Bonferoni correction for 24 multiple 
comparisons would have set the level of significance 
acceptable as 0.002 rather than 0.05. In this case, nine 
of 24 comparisons would have been significant in 
the derivation cohort, but none in the both deriva-
tion and validation cohort. Correcting for all 14,718 
comparisons used in the derivation cohort would 
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Figure 1.1 Relative risk of associations between 
 astrological sign and illness for the 24 chosen associations, 
using a statistical signifi cance of 0.05, uncorrected for 
multiple comparisons.
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have meant using a significance level of 0.000003, and 
no comparison would have been significant in either 
derivation or validation cohort.

This study is a sobering reminder that statistical 
significance can mislead when we don’t use statistics 
properly: don’t blame statistics or the statisticians, 
blame our use of them. There is no biologic plausi-
bility for a relationship between astrological sign and 
illness, yet many could be found in this huge data set 
when using standard levels of statistical significance 
without thinking about the problem of multiple 
comparisons. Even using a derivation and validation 
set did not offer complete protection against spurious 
results in enormous data sets.

Multiple subgroup analyses are common in 
 published articles in our journals, usually without 
any adjustment for multiple testing. The authors 
examined 131 randomized trials published in top 
journals in 6 months in 2004. These had an average 
of five subgroup analyses, and 27 significance tests for 
efficacy and safety. The danger is that we may react to 
results that may have spurious statistical significance, 
especially when the size of the effect is not large.

Size is everything

The more important question, not asked anything 
like often enough, is whether any statistical testing is 
appropriate. Put another way, when can we be sure 
that we have enough information to be sure of the 
result, using the mathematical perspective of “sure,” 
meaning the probability to a certain degree that we 
are not being mucked about by the random play of 
chance? This is not a trivial question, given that many 
results, especially concerning rare but serious harm, 
are driven by very few events.

In a clinical trial of drug A against placebo, the 
size of the trial is set according to how much better 
drug A is expected to be. For instance, if it is expected 
to be hugely better, the trial will be small but if the 
improvement is not expected to be large, the trial 
will have to be huge. Big effect, small trial; small 
effect, big trial; statisticians perform power calcula-
tions to determine the size of the trial beforehand. 
But remember that the only thing being tested here is 
whether the prior estimate of the expected treatment 
effect is actually met. If it is, great, but when you 
 calculate the effect size from that trial, using number 

needed to treat (NNT), say, you probably have insuffi-
cient information to do so because the trial was never 
designed to measure the size of the effect. If it were, 
then many more patients would have been needed.

In practice, what is important is the size of the 
effect – how many patients benefit. With individual 
trials we can be misled. Figure 1.2 shows an exam-
ple of six large trials (213–575 patients, 2000 in all) 
of a single oral dose of eletriptan 80 mg for acute 
migraine, using the outcome of headache relief (mild 
or no pain) at 2 hours. NNTs measured in the indi-
vidual trials range from 1.6 to 3.1, an almost two-
fold difference in the estimate of the size of the effect 
(overall, the NNT was 2.6). Even with these excellent 
trials, impeccably conducted, variations in response 
with eletriptan (between 56% and 69% in individual 
trials) and placebo (between 21% and 40%) mean 
that there is uncertainty over the size of the effect. For 
many treatments and dose/drug/condition combina-
tions, we have much less information, fewer events, 
and much more uncertainty over the size of the effect.

Consider Figure 1.3, which looks at the variation 
in the response to placebo in over 50 meta- analyses in 
acute pain. In all the 12,000 or more patients given pla-
cebo, the response rate was 18% (meaning not that pla-
cebo caused 18% of people to have at least 50% pain 
relief over 6 hours, but that 18% of people in  trials like 
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Just how many events are needed to be reasonably 
sure of a result when event rates are low (as is the 
case for rare but serious adverse events) was explored 
some while ago [9]. This looks at a number of exam-
ples, varying event rates in experimental and control 
groups, using probability limits of 5% and 1%, and 
with lower and higher power to detect any differ-
ence. Higher power, greater stringency in probability 
values, lower event rates, and smaller differences in 
event rates between groups all suggest the need for 
more events and larger numbers of patients in trials. 
Once event rates fall to about 1% or so, and differ-
ences between experimental and control to less than 
1%, the number of events needed approaches 100 and 
number of patients rises to tens of thousands.

All of which points to the inescapable conclusion 
that with few events, our ability to make sense of things 
is highly impaired. As a rule of thumb, we can probably 
dismiss studies with fewer than 20 events, be very cau-
tious with 20–50 events, and reasonably confident with 
more than 200 events – if everything else is OK.

Subgroup analyses

Almost any paper you read, be it analysis of a clinical 
trial, an observational study or meta- analysis of either, 
will involve some form of subgroup analysis, such as 
severity of condition, age or sex. In addition to the 
problems of multiple testing, subgroup analyses also 
tend to involve small numbers – because the more 
you slice and dice the data, the fewer the number of 
actual events – and, if they are clinical trials, remove 
the benefits of randomization. They almost always 
introduce the danger of some unknown confounding.

One of the best examples of the dangers of sub-
group analysis, due to unknown confounding, 
comes from a review article examining the 30-day 
outcome of death or myocardial infarction from a 
meta-analysis of platelet glycoprotein inhibitors [10]. 
Analysis indicated different results for women and 
men (Fig. 1.4), with benefits in men but not women. 
Statistically this was highly significant (P<0.0001).

In fact, it was found that men had higher levels 
of troponins (a marker of myocardial damage) than 
women and when this was taken into account, the dif-
ference between men and women was  understandable, 
with more effect with greater myocardial damage; sex 
wasn’t the source of the difference. 
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Figure 1.3 Percentage of patients with at least 50% pain 
relief with placebo in 56 meta-analyses in acute pain. Size 
of symbol is proportional to number of patients given 
placebo. Vertical line is the overall average.

these will have at least 50% pain relief over 6 hours if 
you do nothing at all). With small numbers, the mea-
sured effect with placebo varies from 0% to almost 
50%. Only when the numbers are large is there greater 
consistency, and there are many other examples like 
this of size overcoming variability caused by the ran-
dom play of chance.

How many events?
A few older papers keep being forgotten. When look-
ing at the strengths and weaknesses of smaller meta-
analyses versus larger randomized trials, a group 
from McMaster suggested that with fewer than 200 
outcome events, research (meta-analyses in this case) 
may only be useful for summarizing information 
and generating hypotheses for future research [7]. 
A  different approach using simulations of clinical tri-
als and meta-analyses arrived at pretty much the same 
conclusion, that with fewer than 200 events, the mag-
nitude and direction of an effect become increasingly 
uncertain [8]. 
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Trivial differences

It is worth remembering what relative risks tell us 
in terms of raw data (Table 1.2). Suppose we have 
a population in which 100 events occur with our 
control intervention, whatever that is. If we have 
150 events with an experimental, the relative risk is 
now 1.5. It may be statistically significant, but most 
events were those occurring anyway. If there were 
250 events, the relative risk would be 2.5, and now 
most events would occur because of the experimental 
intervention.

Large relative risks may be important, even with 
more limited data. Small relative risks, probably 
below 2.0 and certainly below about 1.5, should be 
treated with caution, especially where the number of 

Men

Women

0.5 1 2

Odds ratio (95% CI)

Figure 1.4 Subgroup analysis in women and men of 
death or MI with platelet glycoprotein inhibitors (95% 
confi dence interval).

Table 1.2 Rules of causation

Feature Comment

Consistency and unbiasedness of 
findings

Confirmation of the association by different investigators, in different populations, 
using different methods

Strength of association Two aspects: the frequency with which the factor is found in the disease, and the 
frequency with which it occurs in the absence of the disease. The larger the relative 
risk, the more the hypothesis is strengthened

Temporal sequence Obviously, exposure to the factor must occur before onset of the disease. In addition, 
if it is possible to show a temporal relationship, as between exposure to the factor in 
the population and frequency of the disease, the case is strengthened

‘‘Biologic gradient (dose–response 
relationship)”

Finding a quantitative relationship between the factor and the frequency of the 
disease. The intensity or duration of exposure may be measured

Specificity If the determinant being studied can be isolated from others and shown to produce 
changes in the incidence of the disease, e.g. if thyroid cancer can be shown to have 
a higher incidence specifically associated with fluoride, this is convincing evidence of 
causation

Coherence with biologic background 
and previous knowledge

The evidence must fit the facts that are thought to be related, e.g. the rising incidence 
of dental fluorosis and the rising consumption of fluoride are coherent 

Biologic plausibility The statistically significant association fits well with previously existing knowledge

Reasoning by analogy Common sense, especially when you have other similar examples for types of 
intervention and outcome

Experimental evidence This aspect focuses on what happens when the suspected offending agent is 
removed. Is there improvement? The evidence of remission – or even resolution of 
significant medical symptoms – following explanation obviously would strengthen 
the case
It is unethical to do an experiment that exposes people to the risk of illness, but it is 
permissible and indeed desirable to conduct an experiment, i.e. a randomized 
controlled trial on control measures. If fluoride is suspected of causing thyroid 
dysfunction, for example, the experiment of eliminating or reducing occupational 
exposure to the toxin and conducting detailed endocrine tests on the workers could 
help to confirm or refute the suspicion
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events is small, and even more especially outside the 
context of the randomized trial.

The importance of a relative risk of 2.0 has been 
accepted in US courts [11]. “A relative risk of 2.0 
would permit an inference than an individual plain-
tiff ’s disease was more likely than not caused by the 
implicated agent. A substantial number of courts in 
a variety of toxic substance cases have accepted this 
reasoning.”

Confounding by indication 

Bias arises in observational studies when patients 
with the worst prognosis are allocated preferentially 
to a particular treatment. These patients are likely to 
be systematically different from those not treated or 
treated with something else (paracetamol rather than 
nonsteroidal anti-inflammatory drugs (NSAID) in 
asthma, for instance).

Confounding, by factors known or unknown, is 
potentially a big problem, because we do not know 
what we do not know and the unknown could have 
big effects, like troponin above. When relative risks 
are small, say below about 1.3, potential bias created 
because of unknown confounding, or confounding 
by indication improperly adjusted, becomes so great 
that it makes any conclusion at best unreliable. This is 
especially important when interpreting observational 
studies that appear to link a particular intervention 
with a particular outcome. 

Adverse events

Evidence around adverse events is important, 
 complicated, yet often poor. It is impossible to do jus-
tice to adverse event evidence in a few paragraphs, so 
perhaps it is worth sticking to the highlights. 

Adverse events are important because the “value” 
of a particular therapeutic intervention depends 
on both potential benefit and potential harm in the 
individual. To assess this trade-off, we need evidence 
for both, and while evidence about benefit is gener-
ally well documented, at least in clinical trials of 
newer interventions, evidence about harm has been 
neglected.

Long-term drug therapy is increasingly being 
used for primary prevention. Asymptomatic patients 
may be asked to tolerate adverse effects when the 

 likelihood of therapeutic benefit is small. Adverse 
events are a major influence on compliance and the 
most common reason for discontinuation in clini-
cal practice. A medicine not taken is one that cannot 
work. There is an increasing tendency for more open-
ness and accountability in clinical decision making, 
with patients asking for more information and taking 
a more active role in their care.

Adverse events occur in the absence of treat-
ment, something to remember when looking at 
data. Symptoms commonly listed as adverse events 
in clinical trials happen to all of us at some time. 
Fortunately most of them are not serious and even 
if severe, are reversible. Most are not related to any 
therapeutic intervention. Groups of medical and 
nonmedical people in the USA in the 1960s [12], and 
medical students in Germany in the 1990s [13], who 
were free of disease and not in any kind of trial or 
taking any medication, were asked about symptoms. 
Most participants were in their 20s. They were given 
a list of symptoms and asked to record whether or 
not they had experienced any in the previous 3 days. 
Overall, 83% experienced at least one of the symp-
toms and only 17% reported none. There were no 
major differences between medical and nonmedical 
participants, or between studies carried out 30 years 
apart. The most common symptom reported by at 
least 40% was fatigue. Having an idea of the back-
ground rate of an adverse event in a study popula-
tion is important as it can affect tolerability, and also 
how easy it is to establish a causal association with 
the intervention. 

Another example of common adverse events 
would be constipation, something we worry about a 
lot when prescribing opioids. Constipation occurs in 
about 15% of people with chronic pain using weak 
opioids [14].

The overall average percentage of people with 
 constipation in a systematic review of constipation 
prevalence in the US was about 15% (1 in 7 adults 
[15]). The range was 1.9–27%, depending to some 
extent on how constipation was ascertained. Most 
reports were in the range of 12–19%, with some 
self-reported prevalence being higher and two face-
to-face questioning reports below 4%. There was a 
distinctly higher prevalence in women compared with 
men in almost every study, irrespective of method of 
ascertainment. Prevalence of constipation in women 
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was on average about twice as high as in men. There 
was also a consistent finding of higher constipation 
 prevalence in non-Caucasian people, by a factor of 
about 1.4 to 1, though nonwhite racial groups were not 
subdivided. Other trends were for decreased prevalence 
in people with highest income and highest educational 
attainment or years of education, though these may 
well be measuring different aspects of the same phe-
nomenon. Older age, especially age over 70 years, was 
also associated with higher constipation rates.

With any examination of adverse events, it is 
worth bearing in mind that what we want to estab-
lish is causation. The most important aide-mémoire 
is the Bradford-Hill rules, summarized in Table 1.2. 
They ask about strength of association, timing, dose–
response, and other linking evidence. We need more 
than association to proceed to causation. 

Safety

Claims are all too often made about safeties that are 
unfounded. To some extent, it depends what one 
means by safety, but members of the public say that 
they want to know about any adverse event that 
occurs at a rate more frequently than 1 in 100,000 
[16]. To be even remotely confident about an adverse 
event occurring at a rate 10 times more frequently 
than that (1 in 10,000), we would need information 
from about 2 million people. 

Clinical trials, even meta-analyses of clinical tri-
als, will not have this amount of information. Nor 
will most observational studies or even meta- analyses 
of observational studies. Things may be changing, 
because large databases are beginning to be interro-
gated to provide data on safety. Caution is required 
because of confounding by indication and small 
numbers of events, so that individual studies can give 
very different results. For instance, a systematic review 
looking at NSAIDs and risk of myocardial infarction 
showed that the risk for naproxen compared to non-
use of NSAIDs varied linearly between a relative risk 
of 0.5 and one of 1.5 (with a mean of 1.0).

Large database studies may also surprise. A good 
example of the surprising results of database studies 
(good as in good study, as well as a surprising result) 
indicated that long-term use of proton pump  inhibitors 
significantly increased risk of hip fracture in older peo-
ple [17]. It might be that the risk of using a proton 

pump inhibitor with NSAID incurs a bigger risk to life 
from hip fracture than did the gastrointestinal bleed 
the proton pump inhibitor was protecting against.

In any event, claims of absolute safety cannot be 
made, and we will see more examples of rare but serious 
adverse events in future than ever we did in the past.

Importance of the individual 
patient

The two quotations below come from people who 
argued vehemently over the role and importance of 
EBM yet agreed on the importance of the individual 
within the system. 

“Evidence-based medicine is the conscientious, 
explicit and judicious use of current best evidence 
in making decisions about the care of individual 
patient.” [18].

“Managers and trialists may be happy for 
 treatments to work on average; patients expect 
their doctors to do better than that.” [19].

This underlines the importance of looking at informa-
tion from the point of view of the individual patient. 
In acute pain, patients have been shown generally 
to obtain pain relief that is either very good or poor, 
but the average of responses to analgesics is at a point 
where there are few, if any, patients [20]. It is com-
monly understood that not every patient with a partic-
ular condition benefits from treatments known to work 
(on average). Patients may discontinue therapy because 
of adverse events as well as lack of efficacy, especially in 
chronic conditions. A clinical trial may tell us that 50% 
of patients have pain relief with drug, compared with 
20% with placebo, and we applaud a good NNT of 3.3. 
Yet that obscures the fact that half the patients do not 
have pain relief but may have adverse effects.

A classic example demonstrating how different we 
all are is provided by a trial in which depressed patients 
were randomized to one of three antidepressants 
which were, on average, the same [21]. Patients ini-
tially randomized to one treatment  frequently changed 
to another. By 9 months only 44% were still taking 
the treatment to which they had been randomized. 
Some (about 15%) were lost to follow-up after base-
line or when on any of the  randomized treatments. 
Others either switched to another  antidepressant or 
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stopped treatment because of adverse effects or lack 
of efficacy, again without any difference between the 
three antidepressants. Each was taken by about the 
same proportion, on average, just different patients to 
those initially randomized. Patients and their doctors 
found the balance of effect and absence of adverse 
events that was right for them, and almost 70% had a 
good outcome over the 9 months of the trial.

The degree of variability between individuals in 
their physiologic response to drugs is remarkable, 
and best exemplified by a study of 50 healthy young 
volunteers who received rofecoxib 25 mg, celecoxib 
200 mg or placebo in randomized order, and who 
underwent a series of tests [22]. There was con-
siderable variability between individuals in cyclo-
 oxygenase 2 inhibition achieved, and in selectivity, 
for both of the drugs. Variation between individuals 
was 50 to several hundred-fold in activity in different 
in vitro tests following a single dose. Differences were 
associated with genetic polymorphisms and other 
factors were involved in the variability observed. 
Similarly, a range of polymorphisms in genes coding 
for enzymes metabolizing morphine, opioid recep-
tors, and blood–brain barrier transport of morphine 
by drug  receptors all contribute to considerable 
variability between individuals [23]. A number of 
mechanisms can influence individual responses to 
analgesics [24].

There are important practical implications follow-
ing these findings. They obviously relate particularly 
to the potential harm of limited formularies, but also 
challenge how we use average results from trials in 
making decisions about individual patients. 

Outcomes

Where evidence can often let us down is in the out-
comes chosen in trials. Outcomes used may not be 
what we, or patients, want from treatment, but rather 
what it is possible to measure. Ideally, a satisfac-
tory outcome should involve both benefit and lack 
of adverse events, because adverse events are often 
a cause of discontinuation of an otherwise effective 
therapy.

Things are changing. In migraine, for example, an 
outcome of mild or no pain 2 hours after  therapy 
changed to no pain at 2 hours, then no pain at 
2 hours plus no recurrence or need to use analgesics 

over the next 24 hours. The hurdle was getting higher. 
It was recently raised yet again, when an individual 
patient meta-analysis identified those patients who 
were both pain free for 24 hours and had no adverse 
effects [25]; this amounted to no more than 22% of 
the total, only 12% more than with placebo. A large 
randomized comparison of two triptans found about 
30% of patients with this outcome [26].

There are other examples where people have sought 
more relevant outcomes. For instance, a series of dif-
ferent outcomes related to wart clearance and return 
emerged from a systematic review of genital wart 
therapy [27], while a longitudinal survey of patients 
with bipolar disorder suggested that success be judged 
over longer periods because of the sustained nature of 
the disorder [28].

There is no reason why we cannot demand more 
intelligent and comprehensive outcomes to be meas-
ured in clinical trials. While it is likely that the com-
bination of benefit plus absence of adverse events will 
be found only in the minority, this will be a spur for 
both better use of what therapies we have and deter-
mination of better therapies for the future.

Conclusion

Evidence-based medicine is about a number of things. 
First and foremost, it is about avoiding being misled. 
That means that we have to have a passing acquaint-
ance with issues of quality, validity, and size, and 
most of these come down to good old common sense. 
When a trial is done using two men and a dog and 
reports a subgroup analysis on the dog as statistically 
significant, that is not a reason for rushing to change 
practice. 

The second thing that EBM should be about is 
making things better. This could mean wanting bet-
ter and more meaningful outcomes or knowing how 
to assess trial results in terms of an individual patient, 
or asking the question of knowing which patient will 
benefit before you treat. It may be slow, but keeping 
some of these issues in your mind can mean hours 
of fun asking awkward questions of visiting speakers, 
a few of which may do some good. Over and above 
this, of course, is the incorporation of prior evidence 
in the production of new evidence, especially clinical 
trials, which are becoming bigger and better, though 
much more expensive to conduct.
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Thirdly, when we collect together all the good 
 evidence on a topic and get rid of the misleading, we 
often see more clearly. A number of examples exist in 
pain, especially in acute pain [29], migraine [30], and 
neuropathic pain [31]. 

The final message should be about the impor-
tance of wisdom. EBM, in its fullest sense, should 
 incorporate evidence from whatever source, your 
knowledge of the patient, the patient’s own prefer-
ences, and the circumstances you are in. Evidence 
should be regarded as a tool, not a rule. Even where 
there is limited evidence, in combination with clinical 
experience and wisdom it can produce useful results, 
perhaps the best example being a treatment algorithm 
for neuropathic pain [31].
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The World Health Organization defines a  clinical 
trial as “any research study that prospectively assigns 
human participants or groups of humans to one 
or more health-related interventions to evaluate 
the effects on health outcomes” [1]. This definition 
includes the double-blind, randomized clinical trial 
(RCT), considered the “gold standard” research design 
for clinical trials, as well as various prospective, uncon-
trolled, nonblinded cohort designs. In this chapter, we 
emphasize RCTs because uncontrolled trials produce 
treatment effect estimates that are substantially less 
informative than those from RCTs. Even among RCTs, 
however, study quality varies considerably, and many 
limitations and sources of bias can exist.

We focus on clinical trials of treatments for chronic 
pain, conventionally defined as pain that persists 
beyond 3 months or the normal time of healing [2]. 
Chronic pain is typically classified based on its pre-
sumed etiology, specifically, neuropathic pain versus 
non-neuropathic inflammatory and musculoskeletal 
pain. Neuropathic pain is caused by a lesion or disease 
affecting somatosensory pathways of the peripheral or 
central nervous system [3], whereas non-neuropathic 
(i.e. nociceptive) pain reflects stimulation of special-
ized nociceptors in somatic tissue, with visceral pain 
often classified separately. We focus on trials of phar-
macologic interventions for both of these types of 
chronic pain in this chapter, although many of the 
issues we address are also relevant to studies of psycho-
logic therapies, nerve blocks, spinal cord stimulation, 

physical therapy, acupuncture or any other proce-
dure that can be used to treat chronic pain. We begin 
by reviewing the types of clinical trials and research 
designs that are most commonly used in investiga-
tions of chronic pain. Next, we discuss the major com-
ponents of clinical trials, including the interventions 
studied, patient selection, and assessment of treatment 
outcomes. Finally, we discuss the analysis and inter-
pretation of pain and related data in clinical trials, and 
conclude by summarizing the major sources of bias 
in clinical trials. Excellent resources are available for 
investigators undertaking clinical trials of pain treat-
ments and for those who want additional information 
about the interpretation of clinical trials [4–10].

Clinical trials involve research on human subjects 
and it is therefore critical that all individuals involved 
in such studies become familiar with the ethical prin-
ciples and obligations that apply to such research. This 
includes the roles and responsibilities of investigators 
conducting clinical trials, especially the importance 
of informed consent, and also applicable institu-
tional, local, and national regulations and procedures 
for study review and approval. It is beyond the scope 
of this chapter to summarize these issues, particularly 
given geographic variation in specific considerations, 
but in-depth reviews are available [11].

Types of clinical trials

When designing a clinical trial or interpreting its 
results, the first issue that must be considered is the 
objective of the trial – specifically, what  question 
is the trial is intended to answer? Max [12, 13] 
 emphasized the importance of distinguishing 
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between pragmatic and explanatory clinical trials 
[14]. Pragmatic clinical trials have the objective of 
answering practical questions about patient care; for 
example, are tricyclic antidepressants (TCA) use-
ful for relieving pain in patients with phantom limb 
pain? These trials are typically designed to reflect 
clinical practice to the greatest extent possible, and 
decisions about various features of the trial are 
guided by the clinical situation that the results of the 
trial are intended to inform. The goal of an explana-
tory clinical trial, however, is to answer a question 
about the mode of action of a treatment, the etiol-
ogy of a condition, or both. The methodologic fea-
tures of an explanatory trial are therefore selected to 
maximize the likelihood that the trial will answer a 
specific question about the mechanisms of disease 
or treatment and without regard to the realities of 
the clinical situation. In pragmatic trials, the clinical 
context, tolerability of the treatment, and generaliz-
ability of the results are all vitally important, whereas 
controlling variables and ensuring that a sufficiently 
large dosage is given become more important con-
siderations in explanatory trials. Of course, answer-
ing questions about the likely efficacy of a treatment 
in clinical practice and about the mechanism of its 
action are not mutually exclusive. However, these 
two different objectives generally require different 
outcome measures, and studies with both goals must 
be carefully planned to ensure that the objectives and 
outcomes do not interfere with each other.

In considering clinical trials, a distinction is often 
made between efficacy and effectiveness trials [15], 
although some clinical trials combine elements of 
both. Efficacy trials test the hypothesis of whether 
or not there are beneficial effects of treatment in a 
group of patients, and the methods and procedures 
are tightly controlled and standardized. In such stud-
ies, threats to the internal validity of the study (e.g. 
the integrity of the double blind or the inclusion 
and exclusion criteria) are minimized to the greatest 
extent possible so that treatment effects or biologic 
mechanisms can be evaluated accurately. Effectiveness 
trials, on the other hand, are conducted to test the 
value of a treatment as applied in the “real world” 
of clinical practice, in which, for example, some 
patients do not take all the medication they are pre-
scribed. Because of the increased variability, such tri-
als are typically larger than efficacy trials and there 

is often less control of methods and procedures. In 
 effectiveness studies, external validity and general-
izability are emphasized and the trial is designed so 
that conclusions can be drawn about the value of the 
treatment as it is actually used. A simple example of 
this distinction would be two medications that are 
found to have equivalent efficacy but differ in effec-
tiveness because one is taken less consistently as a 
result of its greater side effects.

Prospective cohort trials
In general, cohort studies can demonstrate asso-
ciation but not causation; that is, regardless of the 
findings of a cohort study, it cannot be concluded 
that an intervention caused the observed outcomes. 
Cohort trials lack randomization, which is the most 
effective method of creating a valid comparison 
group. As such, cohort trials cannot distinguish the 
effects of the intervention from other factors that 
can affect outcomes, such as natural history (e.g. 
spontaneous remissions), regression to the mean, 
and placebo effects. Comparisons of outcomes in a 
treatment cohort with pretreatment values or with 
historical controls can therefore provide inaccurate 
or even misleading estimates of treatment benefits. 
Cohort studies also generally lack blinding, and treat-
ment endpoints can be biased by the expectations of 
patients and investigators, especially when subjective 
outcomes such as pain are assessed. 

Although the results of cohort trials cannot be used 
to establish the efficacy of an intervention, they can 
be useful in providing pilot data showing whether the 
treatment appears to have a beneficial effect and in 
demonstrating its safety and tolerability. For exam-
ple, if no RCTs evaluating an intervention exist but 
a cohort study demonstrates tolerability, clinicians 
may feel somewhat reassured that an intervention 
is likely to be associated with acceptable tolerabil-
ity. Moreover, large cohort studies are often the best 
method of detecting rare, serious adverse events [16], 
and can be used for confirmation of safety in samples 
much larger and more representative of the general 
population than those studied in RCTs.

Randomized clinical trials: general 
considerations
Randomized clinical trials are generally considered the 
best design for determining whether an intervention is 
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efficacious. Successful randomization of a large group 
of patients controls for baseline factors, resulting in 
groups that are essentially identical except for the study 
treatment. RCTs are therefore the only type of clinical 
trial for which inferences of causality are appropriate. 
For example, outcome differences between an active 
treatment and a placebo group in a large, well-designed 
placebo-controlled RCT can be inferred to have been 
caused by the intervention. In general, the results of 
RCTs should be considered to overrule contradic-
tory findings from other types of studies; an excep-
tion to this statement is that most RCTs of treatments 
for chronic pain are not adequately powered to detect 
between-group differences in uncommon adverse 
events.

Investigations of treatments for chronic pain have 
typically compared the efficacy, tolerability, and 
safety of a single treatment with placebo. Few RCTs 
have compared different treatments [17, 18] and even 
fewer trials have examined whether combinations of 
treatments are superior to the component treatments 
examined separately [19, 20]. Studies of combina-
tion treatments can use a 2 � 2 factorial design in 
which patients are randomized to the combination 
of two treatments, each of the treatments adminis-
tered alone (with a placebo matching the other treat-
ment), or double placebo. Such a factorial design not 
only makes it possible to evaluate the efficacy of the 
combination, but can also provide a “head-to-head” 
comparison of the two individual treatments. Given 
how common combination therapy for patients with 
chronic pain is in clinical practice, additional com-
bination studies of chronic pain treatments must 
be conducted to determine which combinations are 
 efficacious and well tolerated and which are not.

Even rarer than RCTs of combinations of differ-
ent medications are studies examining the benefits of 
combining different modes of treatments, for exam-
ple, a medication combined with cognitive- behavioral 
therapy compared with the medication and  cognitive-
behavioral therapy each administered alone. Such 
trials have been a major focus of research on the 
treatment of various psychiatric disorders for many 
years, and it is unfortunate that so little effort has 
been devoted to this type of clinical trial in research 
on the treatment of patients with chronic pain.

Typically, RCTs examining treatments for chronic 
pain have been designed to determine if one or more 

different treatments (or different dosages of a  single 
treatment) are superior to placebo with respect to 
pain reduction and other outcomes. One of the 
 reasons that head-to-head trials of chronic pain treat-
ments have rarely been performed is that the sample 
size required to show that one efficacious interven-
tion is superior to another would typically be much 
larger than that required to show that an intervention 
is superior to placebo. RCTs can also be designed to 
demonstrate that one treatment is either equivalent 
to or not inferior to another (typically, first-line) 
treatment [21–23]. However, equivalence and non-
inferiority trials have generally not been conducted 
for chronic pain treatments, probably because until 
recently there have been few treatments for chronic 
pain that have such well-established efficacy that they 
could be considered standards with which another 
treatment can be compared. Such trials typically 
require fewer subjects than one intended to show that 
one efficacious treatment provides greater benefit 
than another, making it possible to demonstrate that 
two treatments have comparable efficacy but that one 
offers advantages over another in, for example, cost, 
convenience or tolerability.

In addition, even chronic pain treatments with 
well-established efficacy may sometimes fail to be 
superior to placebo in a given trial. When a stand-
ard treatment cannot be considered reliably superior 
to placebo, then an RCT demonstrating that a new 
treatment is equivalent or noninferior to the stand-
ard treatment may simply reflect that in this particu-
lar trial, neither the standard treatment nor the new 
treatment was efficacious. This lack of assay sen-
sitivity in trials that do not have a placebo group is 
well recognized [24, 25]. For this reason, equivalence 
and noninferiority trials of chronic pain treatments 
would still require a placebo group to demonstrate 
that the standard treatment was superior to placebo. 
Only if the standard treatment is shown to be supe-
rior to placebo does it become possible to conclude 
that the new treatment is equivalent or noninferior to 
a  standard efficacious treatment.

Randomization
The critical importance of randomization is dem-
onstrated by the observation that interventions that 
are shown to be effective in nonrandomized trials 
have been found to be not effective in randomized 
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 trials [6]. There are two primary goals of  randomizing 
 subjects. The first is to eliminate both intentional and 
unintentional bias in the allocation of treatments, 
which historically has been a significant source of bias 
in clinical trials. Investigator allocation bias is elimi-
nated by prespecifying a randomization protocol that 
removes the investigators from the process of selecting 
which subjects receive which interventions.

The second goal of randomization is to create sub-
ject groups that are equivalent in every way except 
for the intervention. On average, randomization will 
disperse subject variability evenly between the treat-
ment groups, including both measured variables, 
such as age and sex, and unmeasured variables, such 
as pain-relevant genetic polymorphisms that have not 
yet been identified. The likelihood that randomized 
groups are truly similar is dependent on the sample 
size. Smaller groups are more likely to differ in poten-
tially important ways, both among measured and 
unmeasured variables, whereas between-subject vari-
ability is more likely to be dispersed evenly between 
groups with large sample sizes.

With cross-over designs in which each subject 
receives more than one intervention, subjects are 
randomized to different treatment orders, not dif-
ferent treatments. For example, to provide a valid 
comparison between interventions A and B, an equal 
number of subjects should be randomized to receive 
intervention A first and to receive intervention B first. 
Randomizing by treatment order serves to spread 
treatment order-related variables evenly between the 
interventions; these may include differences related to 
the order of treatment, carry-over effects, or the natu-
ral history of the condition. 

Two additional aspects of randomization are 
blocking and stratification. Blocking is a method 
for ensuring that small groups of subjects are ran-
domized evenly. For example, if a block size of four 
is chosen in a study with two treatment groups, 
the first four subjects could be randomized in any 
potential combination that would produce an even 
number of subjects in the two groups (e.g. ABAB, 
BABA, or BBAA). After the first block is com-
plete, the next four  subjects would be assigned to 
 interventions via a newly  randomized sequence. 
Blocked randomization ensures that randomiza-
tion does not result in substantially different num-
bers of subjects being allocated to the  different 

 interventions by chance. Stratification refers to 
dividing subjects into groups according to factors 
associated with treatment response prior to rand-
omization. For example, if depression is thought 
to affect treatment response, subjects may be sepa-
rated into those who are and are not depressed 
prior to randomization; this reduces the likelihood 
that a greater number of depressed subjects would 
be randomized to one intervention than the other 
due to chance, which might affect estimates of over-
all treatment response. 

Publications reporting the results of clinical  trials 
should include a description of the procedures 
used for randomization, but many do not [26]. The 
method of randomization has been included in a scor-
ing system for rating trial quality [27]. In this scoring 
system, random number generation is considered an 
 appropriate method for randomization, whereas ran-
domization based on patient factors, such as date of 
birth, hospital number or date of exposure, is consid-
ered to potentially introduce bias.

Blinding
A double-blind RCT is one in which the identity of 
the interventions is concealed from both the sub-
jects and the investigators; typically, the placebo in 
studies of medications is inert but appears identi-
cal to the active medication in color, shape, size, 
taste, and even odor. This is the best way to reduce 
potential bias related to knowledge of the interven-
tion. Unblinded or “open-label” studies typically 
overestimate treatment effects, and interventions 
that appear highly efficacious in unblinded studies 
have been shown to be ineffective in blinded stud-
ies [6]. The importance of blinding in estimating 
the magnitude of treatment effects in RCTs should 
not be underestimated. The average response in 
the patients receiving placebo, for example, is 
often greater than the difference between the aver-
age response in the placebo and active treatment 
groups.

Even within double-blind trials, sometimes sub-
jects and investigators can accurately guess which 
intervention they are receiving, for example, because 
of the development of characteristic side effects or the 
effectiveness of the treatment in reducing  symptoms. 
Following completion of participation, subjects and 
investigators should be asked which intervention they 
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believe was received (or, in the case of cross-over tri-
als, what the treatment sequence was) and what is 
the basis of their guesses [28]. In a clinical trial of an 
effective treatment, patients being able to tell which 
group they were in because of beneficial effects is evi-
dence of treatment efficacy and not an indication of 
compromised blinding. It is only when patients are 
able to correctly guess their group based on factors 
that are unrelated to efficacy, such as side effects, that 
the adequacy of the blinding and the potential of bias 
must be considered. 

In order to improve the blinding within trials, 
many chronic pain RCTs have employed “active pla-
cebos,” which are nonanalgesic medications (rather 
than inert placebos) with side effects that mimic 
those of the analgesic medication being studied [19, 
29, 30]. The use of active placebos in chronic pain 
RCTs can be an effective strategy for maintaining the 
double-blind feature of a clinical trial, particularly 
in cross-over trials where each subject receives mul-
tiple interventions and may therefore be more likely 
to correctly guess when they are receiving an inert 
placebo. The use of active placebos, however, remains 
somewhat controversial. It has recently been argued 
that “the available evidence does not provide a com-
pelling case for the necessity of an active placebo” in 
studies of antidepressant medications in patients with 
depression [31]. Given the difficulty of identifying 
active placebos for many of the medications used in 
the treatment of chronic pain, it would be important 
to determine whether active placebos are necessary in 
chronic pain trials.

As with randomization, the adequacy of the 
description of blinding procedures is considered 
a critical feature when evaluating the quality of 
 published RCTs [27].

Parallel group trials
Parallel group trials are performed by  randomizing 
each eligible subject to only one of two or more 
treatment groups (also termed treatment “arms”), 
and differences between groups in treatment out-
comes are evaluated. Parallel group designs are 
 considered by many to be the most informative type 
of clinical trial because they have the fewest limita-
tions, provided that the sample size is large enough 
to provide an adequate test of the study’s primary 
hypothesis. 

Cross-over trials
In situations where the treatment effect has a  relatively 
short and predictable duration and the condition 
being treated remains constant, a cross-over design 
can be used in which each subject receives each inter-
vention. For example, in a cross-over trial comparing 
a new medication with placebo, subjects would be 
randomized to one of two treatment sequences, either 
medication first followed by placebo or vice versa. 
Subjects therefore receive either medication or pla-
cebo in the first treatment period, which is typically 
followed by a “washout” period during which subjects 
receive no treatment, and then subjects receive in 
the second treatment period whichever intervention 
they were not administered in the first period. In this 
manner, each subject serves as his or her own control. 
At the end of the trial, the responses of the patients 
when they were treated with the active medication 
can be compared to their responses  during whichever 
period they received placebo.

The major advantage of cross-over trials is that 
they are extremely efficient in terms of sample size. 
Compared to a two-arm parallel group trial, a two-
period cross-over design could require as few as one-
quarter the number of subjects to show the same size 
treatment effect because variability is reduced when 
subjects serve as their own controls. An additional 
advantage of cross-over designs when two or more 
treatments are compared is the ability to evaluate 
treatment response and other outcomes within the 
same subjects. For example, are the subjects who have 
the best responses to one treatment also the ones who 
respond best to a different treatment [17]?

One of the central assumptions of cross-over trials 
is that the outcomes in the two (or more) treatment 
periods are not affected by the order of treatment. 
This assumption can be violated in different ways. 
If the natural history of the disease being studied 
is such that change during the trial is likely, or if a 
treatment alters the natural course of the disease, 
then the outcomes during later treatment periods 
can be expected to differ from outcomes during ear-
lier periods. Another important concern about cross-
over  trials is the potential for “carry-over effects,” 
that is, the continued effects of an earlier treatment 
on the outcomes of later periods. The duration of 
washout periods between treatment periods is often 
selected not only so that the medication from the 
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first treatment period will have been eliminated 
before the beginning of the next period but also so 
that its effects will have disappeared, because such 
effects can persist longer than the presence of a 
medication. Carry-over effects can result in differ-
ent types of error. Overestimation of the pain relief 
provided by the second treatment can occur if anal-
gesic effects from the first treatment persist and are 
added to the true effects of the second treatment. 
On the other hand, overestimation of the side effects 
of the second treatment can result if side effects from 
the first treatment persist and are added to the side 
effects of the second treatment.

Although the relative impact of each of these 
effects can be mitigated by the random assignment 
of treatment order (i.e. approximately equal num-
bers of subjects will get each of the treatments first 
in the sequence), the assessment of treatment effects 
and tolerability will be inaccurate in the presence of 
carry-over or period effects. There are statistical tests 
that can detect the presence of treatment-by-period 
interactions and carry-over effects but these tests will 
generally be underpowered to adequately exclude the 
presence of such effects.

Nevertheless, the results of cross-over trials have 
provided a great deal of information about the treat-
ment of chronic pain. For many types of chronic 
pain, knowledge of natural history supports the 
assumption of minimal change in pain during the 
course of the trial. Cross-over trials examining a 
variety of different medications have found lit-
tle evidence of carry-over or treatment-by-period 
effects [17–19, 30]. It is important to recognize, how-
ever, that the statistical analysis of cross-over trials 
is typically a “completer” analysis (i.e. analyzing the 
responses of subjects who completed the entire trial) 
rather than the intention-to-treat (ITT) analysis that 
is typically used in parallel group studies; this can 
make comparing the results of parallel group and 
cross-over trials challenging, as will be further dis-
cussed below.

Treatment features

Clinical trials typically have a number of different 
phases. Some trials have a run-in period, which can 
be used to exclude patients from the trial for  various 
 reasons. These include lack of compliance with 

protocol requirements (e.g. failure to record daily 
pain ratings), beneficial response to placebo, poor 
tolerability of the active medication, and lack of ben-
eficial response to the active medication [32]. RCTs 
of chronic pain treatments typically have a baseline 
period that includes pain ratings made on several 
occasions, typically once daily in a diary. This baseline 
is of major importance because it makes it possible to 
analyze the difference between pain during the base-
line period and during the treatment phase. Following 
the baseline period, patients are  randomized to two or 
more treatments. In RCTs of medications for chronic 
pain, the beginning of treatment may include a period 
in which dosage is titrated to a designated maximum 
that is expected to be efficacious and adequately 
tolerated.

The titration phase is followed by a period of 
maintenance treatment. Regulatory agencies gener-
ally prefer fixed-dosage studies, in which all patients 
in a treatment arm receive the same dosage of study 
medication, because this makes it possible to deter-
mine the efficacy, safety, and tolerability of specific 
dosages. However, individual variation in absorption, 
metabolism, and physiologic distribution of analgesic 
medications can substantially increase the variabil-
ity in patients’ responses and the number of patients 
necessary to detect a treatment benefit. Because the 
dosage a patient receives is adjusted on the basis of 
both effectiveness and tolerability, flexible dosing not 
only addresses this variability but also reflects clinical 
practice more closely than use of a fixed dosage. Some 
clinical trials have therefore included treatment arms 
in which the dosage can be increased for additional 
pain relief or decreased to reduce side effects [33, 34].

Regardless of whether a chronic pain RCT uses a 
fixed- or flexible-dosage strategy, an important con-
sideration involves the length of the maintenance 
period. Except for brief proof-of-concept studies 
designed to demonstrate initial evidence of efficacy, 
the durations of treatment used in RCTs of chronic 
pain treatments have typically ranged from 2 to 12 
weeks. With chronic pain syndromes, longer dura-
tions of treatment are desirable to evaluate whether 
any beneficial effects of the treatment are maintained 
over time. Adequate evaluations of the durability of 
treatment effects are, of course, important in patients 
who are not likely to spontaneously improve and will 
therefore require extended treatment. 
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The treatment phase can be followed by a period 
during which the treatment is tapered. This is most 
common in studies of medications that should not 
be discontinued abruptly, such as opioid analgesics. 
In medication trials, a follow-up period may also be 
included to evaluate late adverse events associated 
with treatment. Follow-up periods are also impor-
tant in trials of treatments expected to have beneficial 
effects that persist after treatment has ended.

Comparison groups
Although the use of placebo groups in chronic pain 
RCTs is generally well accepted, an obvious concern 
is how to ethically include a placebo group when the 
hypothesis of the trial is that subjects treated with pla-
cebo will experience more pain than those receiving 
the active treatment. There are at least two approaches 
that have been used to address this issue. One is to 
provide rescue analgesics to all subjects who require 
pain relief. When this is done, use of the rescue anal-
gesic can be examined as an outcome measure, with 
greater use of rescue treatment being expected in the 
placebo group than in the active medication group if 
the treatment being studied is efficacious.

Another strategy is to permit patients in the trial 
to remain on stable dosages of any analgesic treat-
ments that they were taking before the trial. Because 
of the availability of efficacious medications for 
chronic pain, it is likely that patients who are not 
taking any of these medications or who can be 
withdrawn from such treatments may be relatively 
unresponsive to therapy, not only existing therapies 
but also new treatments. Enrolling such patients 
in an RCT may therefore make it less likely that a 
new treatment will demonstrate efficacy. Moreover, 
prohibiting concurrent use of other analgesics in 
a chronic pain trial may make it more likely that 
patients will drop out of the trial, and may also 
make the results less generalizable to clinical prac-
tice, in which combination therapy is very common. 
Although it has been argued that an evaluating a 
medication in patients who are already being treated 
with effective treatments will be less likely to dem-
onstrate efficacy, the limited data available do not 
support this hypothesis.

A third strategy has been to compare a high dos-
age of a medication with a low dosage of the same 
 medication rather than with placebo [35]. Although 

this approach is likely to be more acceptable to 
patients than the inclusion of a placebo group, the use 
of a low dosage of an efficacious medication rather 
than placebo is not without limitations, including: 
(1) the lack of assay sensitivity if no difference is 
found between dosages; (2) the need for larger num-
bers of subjects to show superiority of the higher 
dosage than would be required with a placebo group 
if the low dosage is also efficacious; and (3) the same 
ethical issues raised by use of a placebo group if the 
low dosage is expected to have no beneficial effects.

Patient selection

Depending on the objectives of the trial and the 
 specific treatment being evaluated, patients with 
either relatively homogenous conditions (e.g. painful 
diabetic peripheral neuropathy) or relatively hetero-
geneous conditions (e.g. peripheral neuropathic pain) 
can be studied. Careful attention must also be paid to 
specifying other features of the patients’ pain, such as 
pain intensity and duration. Many studies include a 
minimum level of baseline pain intensity as one of the 
inclusion criteria in order to increase the likelihood 
of demonstrating a benefit of an active treatment 
versus placebo. Specifying too high a level of baseline 
pain, however, may augment responses in the pla-
cebo group by increasing regression to the mean [33]. 
Most recent clinical trials of treatments for chronic 
pain have therefore only included patients who have 
an average pain intensity of 4 or greater (on a 0–10 
numeric rating scale) during the baseline period. The 
duration of time that pain has been present is also an 
important consideration. Typically, pain must have 
been present for at least 3 months to be considered 
chronic [2], but many studies have required a mini-
mum pain duration of 6 months. 

To eliminate patients who may have an increased 
risk from participating in the study and to increase 
the likelihood of detecting treatment benefits, clinical 
trials often restrict enrollment based on characteris-
tics such as age, language, other medical conditions, 
known allergies, psychiatric disorders, alcohol or 
drug abuse, and, in women, pregnancy and the ability 
to conceive. Some studies have also excluded patients 
who have been refractory to multiple prior treatments 
for their chronic pain condition. Although some 
restrictions are necessary in defining a study sample, 
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the use of unnecessary exclusion criteria in clinical 
trials reduces the generalizability of the results.

Some clinical trials are designed to exclude patients 
who are less likely to respond favorably to the investiga-
tional medication. Such “enriched enrollment” designs 
have been used to exclude patients who have done 
poorly with the medication during a run-in period – 
either because they showed a lack of benefit or because 
they could not tolerate its side effects – or patients 
who have a history of poor response to medications 
thought to share the same mechanism of action as the 
investigational treatment. Restricting the study sample 
to patients who are more likely to respond favorably 
to the study treatment can increase the likelihood that 
a trial will demonstrate efficacy. However, enriched 
enrollment designs can have important  disadvantages, 
including limitations in the generalizability of the 
results because of the representativeness of the rand-
omized sample, as well as the potential for unblinding 
resulting from prior experience with the medication’s 
side effects during a run-in period. Such trial designs 
therefore may have greater value in establishing “proof 
of concept” of a potential analgesic intervention than 
in evaluating what the  effectiveness of a treatment 
would be in the community.

Assessment of baseline characteristics 
and co-variates
There are various demographic characteristics of 
patients enrolled in clinical trials that must be rou-
tinely assessed, not only to accurately determine 
inclusion and exclusion criteria but also for use in 
data analyses. Depending on the condition being 
examined, age (e.g. in postherpetic neuralgia), sex 
(e.g. in fibromyalgia), and other demographic and 
clinical (e.g. pain duration) characteristics may 
be important co-variates in analyses of the data. 
Education, occupation, employment status, workers’ 
compensation and other benefits, and presence of any 
litigation may also play a role in treatment outcome.

It is very important to record as much detail 
as possible regarding the patient’s medical status 
in chronic pain clinical trials. This information 
should include past and present illnesses and inju-
ries, especially any other chronic pain conditions, 
as well as past and present medical and nonmedical 
 treatments for these conditions. There is a consen-
sus that chronic pain is a complex  biopsychosocial 

 phenomenon, and it is especially important in 
 clinical trials to obtain information about past and 
present  psychiatric disorders and treatments, espe-
cially mood and anxiety disorders, suicide, and sub-
stance and alcohol abuse. Such conditions may be 
considered exclusion criteria for a trial, and may also 
serve to moderate the effects of treatment [36]. 

Treatment outcomes

Analgesic interventions can produce a number of 
different effects, including pain relief, side effects, 
improved sleep, psychiatric effects such as reduced 
depression, medication abuse, inconvenience, and 
substantial costs. Although the ideal primary out-
come measure of a clinical trial assessing a pain inter-
vention might be a single measure that quantified the 
overall net impact of all these potential effects on, for 
example, health-related quality of life, there is unfor-
tunately no validated measure that does so. 

Recently, the Initiative on Methods, Measurement, 
and Pain Assessment in Clinical Trials (IMMPACT) 
has recommended six core outcome domains [37] and 
specific outcome measures for each of these domains 
[38] for clinical trials of chronic pain treatments. The 
six recommended core outcome domains are pain; 
physical functioning; emotional functioning; par-
ticipant ratings of improvement and satisfaction with 
treatment; symptoms and adverse events; and par-
ticipant disposition (e.g. adherence to the treatment 
regimen and reasons for premature withdrawal from 
the trial). Specific outcome measures were selected for 
four of these domains on the basis of their appropri-
ateness of content, reliability, validity, responsiveness, 
and participant burden, as follows: (1) pain intensity, 
assessed by a 0–10 numerical rating scale; (2) physi-
cal functioning, assessed by the Multidimensional 
Pain Inventory or Brief Pain Inventory interference 
scales; (3) emotional functioning, assessed by the Beck 
Depression Inventory and/or Profile of Mood States; 
and (4) participant ratings of overall improvement, 
assessed by the Patient Global Impression of Change 
scale. Use of this standard set of outcome domains 
and recommended measures in chronic pain clini-
cal trials would facilitate the  process of developing 
research protocols, permit pooling of data from differ-
ent studies, and provide a basis for systematic reviews 
and meaningful comparisons among treatments.
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Except for some very early studies designed to 
explore the range of potential benefits of a treatment, 
clinical trials should clearly identify the primary effi-
cacy outcome measure and distinguish it from the 
secondary endpoints. The distinction between pri-
mary and secondary endpoints is necessary for deter-
mining the statistical power and required sample size 
of a clinical trial and requires investigators to identify 
which endpoint provides the optimal test of the pri-
mary study hypothesis. The results of clinical trials 
that report the results of significance tests for multiple 
endpoints without indicating which outcome measure 
was the prespecified primary endpoint are difficult to 
interpret. The likelihood that the statistical differences 
between treatments are due to chance can be appre-
ciable when multiple significance tests are performed 
without a correction for multiple comparisons; iden-
tifying one primary endpoint or a limited number of 
co-primary endpoints minimizes this possibility. 

A measure of improvement in pain intensity is 
typically the primary endpoint in a clinical trial of 
a treatment for a chronic pain condition [38]. The 
other outcome domains related to the experience of 
having chronic pain, including the impact of pain on 
physical and emotional functioning and other com-
ponents of health-related quality of life, are then con-
sidered secondary endpoints.

Data collection
In designing and interpreting clinical trials, atten-
tion must be paid to the specific methods used for 
administering and collecting outcome data. For 
example, should a measure of pain intensity be 
administered by giving patients a questionnaire to 
complete, reading the questions to patients in face-
to-face interviews, reading the questions to patients 
over the telephone, having patients enter their 
responses on a device kept in their possession (e.g. 
a palm-top computer or personal digital assistant), 
having patients respond by voice or by touch tones 
to recorded prompts after dialing into a  central 
phone number or after an automatically generated 
telephone call to them, or having patients enter 
their responses over the internet (e.g. to an emailed 
questionnaire or at a designated website)? Deciding 
among such options is challenging and includes 
considerations of resources and feasibility as well as 
reliability and validity.

Unfortunately, there are relatively few  studies 
that have compared the different methods that 
can be used in the assessment of pain-related out-
comes. Moreover, the reliability and validity of 
these methods probably vary as a result of what 
is being assessed; it would not be surprising if 
responses to questions about depression or sexual 
disability differ depending on whether they are 
made in a face-to-face interview or on a question-
naire. In addition, the extent to which patients pre-
fer different methods of administration could have 
a  considerable impact on subject retention in clini-
cal trials. Although it is beyond the scope of this 
chapter to consider these issues further, discussions 
of these issues with respect to a variety of measures 
are available [8, 39]. 

An additional important question regarding the 
administration of the measures in a clinical trial 
involves the frequency with which they are adminis-
tered and what instructions are given regarding the 
time period to be used by patients when making their 
responses. Currently, most clinical trials of treatments 
for chronic pain require patients to make daily ratings 
of average pain in the past 24 hours and weekly or 
monthly ratings of the other measures, including sec-
ondary pain endpoints and other secondary  outcome 
measures. 

The assessment of adverse events is an essential 
component of clinical trials, and specific protocols 
differ with respect to the way in which these critical 
data are collected [38]. Side effects can be assessed 
using an “active” ascertainment approach, in which 
subjects are asked directly about the presence of spe-
cific side effects (e.g. “have you been dizzy?”). In con-
trast, a “passive” approach may ask whether subjects 
have developed “any new symptoms” or “changes in 
health” or “side effects” since the previous visit. The 
former approach will be more sensitive for detect-
ing the specific side effects that are assessed, whereas 
the latter approach may produce more clinically rel-
evant answers; subjects are likely to report particu-
larly troubling side effects with either approach, but 
relatively insignificant side effects are more likely to 
be reported by subjects using an active ascertainment 
approach. An additional consideration is that active 
ascertainment prioritizes those symptoms that are 
assessed while relatively de-emphasizing symptoms 
that are not.
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All trial reports should precisely describe how side 
effects were ascertained, including the wording used, 
which is particularly important when active ascer-
tainment is used. When comparing different clinical 
trials, it is important to recognize that side effect fre-
quency can be greatly affected by the approach used. 
Comparison of the side effect frequencies of placebo 
groups can be helpful in determining if the side effect 
ascertainment used in different trials was roughly 
comparable, although differences among studies in 
the characteristics of the enrolled patients can com-
plicate such comparisons.

The adequacy of the description of withdraw-
als and drop-outs in a clinical trial is considered a 
critical marker of trial quality [27] and has also been 
emphasized by IMMPACT as one of the core out-
come domains for chronic pain clinical trials [38]. 
The Consolidated Standards of Reporting Trials 
(CONSORT) were developed to standardize the 
reporting of clinical trials, and adequate account-
ing of subject disposition in clinical trials is a critical 
feature of CONSORT recommendations [23, 40–42]. 
A checklist and flow diagram of the information 
regarding research design, methods and procedures, 
data analysis, and generalizability that should be 
included in publications are provided; importantly, 
these guidelines can also be used when designing a 
clinical trial to ensure that adequate attention will be 
given to documenting the manner in which the trial is 
actually conducted, and when interpreting the results 
of published clinical trials to determine whether 
the key features of the trial have been described in 
enough detail to evaluate their quality.

Statistical analysis

It is unfortunate that many clinicians and readers of 
medical literature are unfamiliar with the often com-
plex statistical analyses required of an RCT because 
the results and their interpretation depend on the 
specific statistical analyses performed. Several aspects 
of the statistical analysis are especially important in 
the interpretation of RCTs. First, the central hypoth-
esis of the trial should be clearly specified because the 
hypothesis being tested drives the statistical analysis 
plan. The most commonly tested  hypothesis in an 
RCT is that one intervention is superior to another 
(e.g. placebo). Two alternative potential hypotheses 

of RCTs are (a) that two interventions are  equivalent, 
and (b) that one intervention is noninferior to 
another. Both of these statistical analyses require 
that a margin of equivalence (or noninferiority) be 
defined, such that if the treatment effect of the new 
intervention falls within the prespecified margin 
of the second, then the two are considered equiva-
lent (or one is considered noninferior to the other). 
The equivalence or noninferiority margin should be 
small enough that if the treatment effect estimate of 
the intervention falls anywhere within the margin, it 
would be considered clinically equivalent to the other 
intervention.

The plan for the statistical analysis of the data from 
an RCT (and the published report of its results) should 
clearly specify the primary outcome measure, the type 
of statistical test being used to evaluate group differ-
ences in the primary outcome, and the way in which 
the sample size was determined, which is particularly 
important when interpreting the results of trials that 
do not find a statistically significant difference between 
treatments. It is important to recognize that failure to 
detect between-group differences in a superiority trial 
does not indicate that the two interventions are clini-
cally equivalent; all that can be concluded from a trial 
designed to demonstrate superiority that fails to show 
one group is superior to the other is that neither inter-
vention was superior to the other.

In the course of an RCT, a subject may not finish 
the trial taking the intervention to which he or she 
was randomized. The most common type of inter-
vention change is “dropping out,” which can occur 
because of side effects or for reasons unrelated to 
the intervention, such as death or moving. In some 
types of trials, “drop-ins” can occur; these refer to 
switching from one intervention to the other, such 
as following a surgery versus no surgery randomiza-
tion. The method by which the analysis considers 
subjects who do not finish the trial taking the inter-
vention to which they were randomized can have 
a large impact on treatment estimates. The best 
method for analyzing parallel group superiority RCTs 
is generally an ITT analysis, in which all subjects who 
were randomized to an intervention are included in 
the final analysis. The most conservative ITT analy-
sis  examines all patients randomized, regardless of 
whether they meet all the inclusion and exclusion 
criteria and whether they have received even a  single 
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dose of the treatment. In many trials a modified ITT 
analysis is used, for example, only analyzing data 
from patients who have taken at least one dose of the 
study medication and who have completed one post-
baseline pain diary (the criteria used for defining 
such modified ITT samples must, of course, be pro-
spectively specified).

An ITT analysis avoids the bias that can occur as a 
result of selectively excluding subjects from the anal-
ysis. Randomized treatment groups from which sub-
jects have been excluded are no longer equivalent to 
the original randomized groups, and the groups can 
no longer be assumed to be comparable with respect 
to measured and unmeasured variables that could 
be related to treatment outcomes. The results of ITT 
analyses also more closely reflect the treatment situ-
ation outside the clinical trial setting where patients 
treated in clinical practice, for example, do not have 
the correct diagnosis or are noncompliant with their 
treatment. ITT analyses are typically required by 
regulatory authorities for approval of medications.

Including patients in the analysis who do not have 
the relevant disorder or who are less likely to derive 
benefit because of noncompliance, however, makes it 
difficult to evaluate the true effects of a treatment. In 
a “per protocol” analysis, only subjects who would be 
expected to benefit from the treatment are included; 
that is, those who have the diagnosis for which the 
treatment is intended and who have received an 
amount of the treatment that could be expected to 
have a beneficial effect (as with ITT analyses, the cri-
teria for excluding patients from such analyses should 
be prospectively defined). Since subjects who cannot 
tolerate an intervention or who do not respond to an 
intervention are much more likely to drop out, a per 
protocol analysis can overestimate the true benefits 
of the treatment in the population from which the 
per protocol sample was drawn [43]. However, this 
type of analysis can be informative when performed 
in conjunction with an ITT analysis; for example, if a 
per protocol analysis shows superiority of an interven-
tion over placebo when the ITT analysis does not, then 
it may be concluded that the treatment can have ben-
eficial effects when it is tolerated and  administered as 
intended, assuming it can also be shown that the two 
per protocol treatment groups are likely to be compa-
rable with respect to factors associated with treatment 
outcome [44, 45].

A per protocol analysis is the preferred type of data 
analysis in certain situations. For example, in equiva-
lence and noninferiority trials, a per protocol analy-
sis is typically preferred because the use of an ITT 
analysis tends to err towards finding equivalence or 
noninferiority, although the results of an ITT analysis 
should also be reported. In cross-over trials, “compl-
eter analyses” are usually reported because subjects 
serve as their own controls. In cross-over trials with 
more than two periods, subjects providing data for at 
least two of the periods can be included in analyzing 
the differences between the treatments administered 
in those periods [19].

There has been increasing attention to the analysis 
of missing data in chronic pain RCTs. One of the most 
commonly used methods is the “last observation carried 
forward” (LOCF) approach. However, if one assumes 
that missing data are more likely to occur among 
non-responders or those who cannot tolerate an inter-
vention, then carrying forward the last observations 
collected before subjects dropped out can overestimate 
the beneficial effect of the intervention at the endpoint. 
In some of its medical reviews for chronic pain indica-
tions, the United States Food and Drug Administration 
has suggested that analysis and presentation of pivotal 
RCTs for chronic pain conditions should consider 
patients who have dropped out as non-responders (e.g. 
with ITT analyses using a “baseline observation carried 
forward” (BOCF) approach for missing data) [46]. The 
method of handling missing data can have an impact on 
treatment effect estimates, and the results of LOCF and 
BOCF analyses of the same data can differ in important 
ways. For example, the results of LOCF analyses can 
overestimate the degree of pain relief when compared 
to the results of BOCF analyses [46]. Although BOCF 
analyses can provide a conservative estimate of treat-
ment effects for conditions such as chronic pain, by 
including baseline data for patients who drop out of the 
trial for reasons that have little to do with the trial (e.g. 
change in residence), they can reduce a trial’s power to 
detect treatment benefits.”

Regardless of the approach used for missing data 
in analyzing an RCT, the details must be described 
in reporting the trial’s results. Unfortunately, the 
manner in which missing data are handled is not 
always reported, although LOCF analyses seem 
to be  commonly used in industry-sponsored 
RCTs [47].



Clinical trial design for chronic pain treatments

25

Interpretation of results

In analyzing data from clinical trials, establishing 
the statistical significance and confidence inter-
vals of group differences in treatment outcome is 
a pivotal first step. It is well known, however, that 
statistical significance reflects both the magnitude 
and variability of the treatment effect as well as 
the sample size. A statistically significant improve-
ment may therefore reflect a benefit that is clini-
cally unimportant. For this reason, determinations 
of statistical significance must be supplemented 
by consideration of the clinical importance of 
changes in outcome measures. Such information 
provides a basis for evaluating and comparing the 
impact of chronic pain treatments on pain and 
health-related quality of life. Because most meas-
ures of treatment response in chronic pain tri-
als involve the patient’s subjective experience, the 
patient is the most important judge of whether 
changes are important or meaningful. For this rea-
son, patient evaluations of overall improvement 
have been  considered a core outcome domain for 
chronic pain trials [37].

Responder analyses can also assist in interpreting 
the clinical importance of chronic pain treatment 
outcomes, for example, analyses of the proportions 
of patients whose pain decreases from baseline by 
�30% or by �50% [48], as well as graphs presenting 
cumulative proportion of responder analyses [49]. 
Evaluating the clinical importance of the results of a 
clinical trial must also consider other factors besides 
patient assessments of pain reduction and overall 
improvement, including the characteristics of the dis-
ease being treated, the risks of the treatment (i.e. side 
effects and safety), the convenience of the treatment, 
and the characteristics of other treatments that are 
available for the same condition.

Clinical trial quality and sources 
of bias

There are a large number of potential sources of bias 
in clinical trials, and many types of bias result in 
overestimation of treatment effects. In addition, some 
clinical trial reports draw conclusions that are not jus-
tified by the data. For example,  publications describ-
ing prospective cohort trials sometimes attribute 

benefits to the treatment when the absence of a 
 control group makes such  conclusions  unwarranted. 
RCTs are the optimal clinical trial design for estab-
lishing efficacy, yet all RCTs have limitations and 
some are biased in ways that make the conclusions 
potentially misleading. Clinical trial reports must 
therefore be scrutinized carefully to determine if the 
conclusions are justified given the study design and 
data analysis, and a systematic method of evaluating 
RCTs for sources of bias can be employed [7]. In this 
section we will discuss factors that can decrease the 
validity of clinical trials, focusing on those that can 
reduce the internal and external validity of an RCT.

Internal validity
There are a large number of potential sources of bias 
in clinical trials. Unfortunately, many tend to make 
treatments appear better than they truly are, and 
incorporating biased trial results into clinical decision 
making can result in failure to adequately treat pain, 
the development of side effects, inconvenience, and 
unnecessary costs.

The adequacy of randomization is vitally  important 
to the internal validity of an RCT. Some interventions 
that are consistently effective in nonrandomized tri-
als can be consistently found to be ineffective in ran-
domized trials [6]. Moreover, studies that provide 
unclear descriptions of the randomization proc-
ess have also been found to consistently overesti-
mate treatment effects when compared to studies 
that clearly describe randomization methods [6]. As 
noted above, treatment allocation methods that are 
not based on a valid approach to generating random 
numbers are not considered adequate  methods of 
randomization [27].

Studies with large numbers of subjects who drop 
out from one or more arms of the trial should be 
viewed critically because drop-outs can change the 
composition of the original randomized treatment 
groups and also make the study sample no longer 
representative of the intended population. A large 
number of drop-outs can also indicate that the trial 
was not carefully designed or conducted. Studies that 
do not clearly describe the disposition of all study sub-
jects, especially those who drop out, should be viewed 
critically.

The adequacy of blinding is also very important 
in the interpretation of clinical trials. Interventions 
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that appear highly efficacious in unblinded studies 
are sometimes shown to be ineffective in blinded 
studies [6]. Given the subjective nature of pain 
measurements and the large placebo effects that are 
found in pain trials, lack of blinding or uninten-
tional unblinding of either subjects or investigators 
can lead to substantial bias. Subjects’ guesses about 
their treatment assignment should be assessed when 
they complete their participation in a study and 
these results should be described in the published 
reports of RCTs.

Inappropriate statistical analyses can also compro-
mise internal validity and potentially lead to erro-
neous conclusions. Failure to state the prespecified 
primary endpoint raises the possibility that endpoints 
showing statistically significant effects have been 
selected for emphasis on the basis of the analyses, 
which makes interpretation of the trial results haz-
ardous if not impossible. Occasionally, the primary 
endpoint is specified in the methods section, but the 
results and conclusions emphasize other endpoints, 
presumably because analyses of the primary endpoint 
were not favorable.

Sometimes, it is erroneously concluded that two 
interventions are equivalent when an RCT designed 
to test for superiority fails to show it. This is not an 
appropriate conclusion for a superiority trial show-
ing no group differences; such trials should include 
a detailed description of the sample size assump-
tions and statistical power calculations, which will 
make it possible for readers to determine if assump-
tions used about the treatment effect size may have 
accounted for the lack of significant group differ-
ences. Equivalence and noninferiority trials require 
a different statistical analysis plan than superiority 
trials, including a prespecified equivalence or non-
inferiority margin for the primary endpoint, which 
should be based on clinical judgment as well as sta-
tistical considerations. Studies that are specifically 
designed to test for equivalence or noninferiority 
should state this.

As described above, the sample used in the data 
analyses should be clearly specified, and, for a supe-
riority trial, the primary analysis should typically be 
based on an ITT sample. The method of handling 
missing data should also be specified in advance of 
the data analyses, and ideally, alternative methods 
(e.g. both BOCF and LOCF) would be reported.

External validity
An RCT can have high internal validity yet produce 
biased estimates of treatment response due to prob-
lems of external validity; that is, the results of the 
trial may not apply to the patients treated in clini-
cal practice. Extrapolation of clinical trial results to 
patient care can be challenging and potentially lead 
to patient harm, if, for example, study results from 
one patient population are inappropriately applied 
to a different population [50]. There are two aspects 
of RCTs that commonly reduce external validity: 
the representativeness of the study sample and the 
 dosing strategies used in the trial. 

There are a number of factors that can affect the 
study sample in ways that limit the generalizability of 
the subjects’ treatment response to other patients. For 
example, similar RCTs performed in different coun-
tries sometimes have very different results [6, 51]. In 
addition, the mere fact that a subject is willing and 
able to participate in a clinical trial distinguishes him 
or her from the broader pool of patients for whom 
the treatment might be appropriate. Moreover, the 
recruitment methods investigators employ – for 
example, identifying patients from clinics or adver-
tising in newspapers – can have a large impact on the 
types of patients enrolled in an RCT [32, 52].

The inclusion and exclusion criteria are used 
to define the study sample in an RCT, yet they fre-
quently result in samples that differ substantially 
from the population for which the treatment is 
intended [53]. Strictly speaking, the conclusions 
from a placebo-controlled trial should describe how 
an intervention compares with placebo in the sample 
studied. The study sample is presumed to represent 
the population of all patients who meet the inclu-
sion and exclusion criteria; however, the published 
conclusions in RCTs typically extrapolate the results 
to the entire population of patients with a particular 
disorder, not just those who would have been eligible 
to participate in the trial.

For example, most recent RCTs of treatments for 
chronic pain have required subjects to have an aver-
age pain score of 4 or greater on 0–10 daily diaries 
rated during a baseline week preceding randomiza-
tion (a criterion of 5 or greater has also occasionally 
been used). When efficacy has been demonstrated in 
such studies, however, it is typically not concluded 
that the study’s results may only apply to patients 
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with  moderate or severe pain. Although  designing 
an RCT so that enrollment is limited to patients with 
moderate or greater pain may increase the likeli-
hood that an active treatment will be superior to pla-
cebo, the results of the study may not extrapolate to 
patients with mild pain.

Another important limitation in interpreting the 
results of clinical trials involves the dosing strategy, 
which can have a substantial effect on trial outcome, 
including evaluations of both efficacy and tolerabil-
ity. The rate at which the dosage of a medication is 
titrated, the maximum dosage administered, and 
whether the dosing strategy involves titration to a 
fixed dosage or flexible dosing adjusted on the basis of 
beneficial effects and tolerability can all have a major 
impact on the generalizability of the trial’s results to 
clinical practice. In RCTs designed to compare the 
efficacy and tolerability of different medications, the 
dosing regimens used can be a major determinant 
of the results [47]. For example, if one medication 
is titrated more slowly and to a lower dosage than 
another, it is likely to be better tolerated; similarly, if 
one medication is titrated to relatively higher dosages 
than another, it could show greater efficacy when no 
differences would exist if equianalgesic dosages of the 
two medications had been used. 

Other potential sources of bias
Reports of clinical trials should clearly identify the 
funding source and any potential conflicts of interest 
of the investigators. Industry-sponsored trials are typi-
cally designed with the objectives of demonstrating the 
efficacy, superiority, or greater tolerability and safety 
of the sponsor’s product, and it is important to care-
fully consider potential biases in the study design and 
data collection, analysis, and interpretation of such 
trials from this perspective [47, 54, 55]. For example, a 
recent study found that trials sponsored by for-profit 
organizations were much more likely to recommend 
an intervention as the “treatment of choice” than tri-
als sponsored by nonprofit organizations, and that 
neither the magnitude of the treatment effect nor the 
occurrence of adverse events explained the association 
between sponsorship and positive recommendations 
[56]. Although considerable attention has been paid 
to various biases associated with industry-sponsored 
trials, it should be recognized that such trials undergo 
a high level of scrutiny when they are  submitted to 

regulatory agencies for product approval. It has been 
observed that academic investigators are also invested 
in the outcome of the research they conduct, but it is 
more difficult to evaluate these “nonfinancial conflicts 
of interest” [57, 58] and the role they play in clinical 
trials than the more obvious conflicts represented by 
industry sponsorship. Knowledgeable reviewers are 
the major defense against bias, and all readers should 
be cautious in accepting what they read, “remem-
bering that the ultimate validation for any scientific 
observation is replication” [58].

Publication bias is another important source of 
bias in the literature. Unfavorable RCT results are 
sometimes not published or are pooled with favor-
able RCTs to produce a favorable publication, and 
the hazards of interpreting the results of clinical tri-
als when negative results remain undisclosed have 
received increasing attention in both the medical and 
lay literature. In addition, favorable RCT results are 
sometimes published multiple times. In one exam-
ple, a total of 15 RCTs were conducted to assess the 
efficacy of an antidepressant for major depression; 
three of these were never published, yet a total of 20 
publications describing the RCTs appeared in the 
literature, including duplicate publications of the 
same trial but with different authors [43]. Various 
efforts are underway to encourage investigators, 
from both industry and academia, to register trials 
at their inception so that a public record is available 
of all clinical trials that have been conducted [59]. 
Although clinical trial registration is a very positive 
development, its effectiveness remains to be estab-
lished. To ensure that the development of improved 
clinical trial research methods and the identifica-
tion of efficacious treatments are not impeded, the 
publication of negative trials by sponsors, investiga-
tors, and journal editors must therefore be strongly 
encouraged.

Conclusion

Advances in clinical trial designs used to study treat-
ments for chronic pain must keep pace with the rapid 
evolution in understanding pain mechanisms that is 
taking place [60]. A major focus of ongoing research 
is to identify the mechanisms of different pain 
 conditions, devise methods for  reliably  identifying 
these mechanisms in individual patients, and develop 
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treatments that target these mechanisms. The ultimate 
goal of these efforts is to provide the foundation for a 
mechanism-based treatment approach in which ther-
apeutic interventions target the specific mechanisms 
of a patient’s chronic pain. Such increased knowl-
edge of genetic, pathophysiologic, and psychosocial 
mechanisms of chronic pain and its response to dif-
ferent treatments will require major modifications in 
the clinical trial designs that we have discussed in this 
chapter. To the extent that individualized treatments 
are developed, study designs in which treatments are 
matched to particular patient characteristics will be 
needed [61, 62], and patients in clinical trials will not 
only be more homogeneous but may also respond 
more favorably to such mechanism-based treatments. 
RCTs of mechanism-based treatments will be com-
plicated by the need for sophisticated subject assess-
ments to identify pain mechanisms and potentially 
large numbers of patients who fail to meet the eligi-
bility criteria of trials targeting specific mechanisms. 
Fortunately, not only are efforts being made to iden-
tify factors that influence whether trials succeed in 
demonstrating efficacy [63, 64], but alternatives to 
the standard parallel group RCT are also receiving 
increasing attention, including, for example, various 
enrichment and adaptive allocation designs [65–67].
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Introduction to evaluation of evidence

Eija Kalso
Department of Anaesthesia and Intensive Care Medicine, Helsinki University Central Hospital, Helsinki, Finland

What is evidence-based medicine?

Evidence-based medicine (EBM) is an approach 
to patient care that promotes the collection, inter-
pretation, and integration of valid, important and 
applicable patient-reported, clinician-observed, and 
research-derived evidence. The best available evidence, 
moderated by patient circumstances and preferences is 
applied to improve the quality of clinical judgment. 

The best available evidence is based on well-
designed, randomized, double-blind and controlled 
trials (RCT) that have been diligently carried out 
(Table 3.1). RCTs are not always feasible, e.g. if the 
condition is very rare. Pharmacologic interventions 
are easier to perform as RCTs compared with, for 
example, invasive interventions. The latter are chal-
lenging regarding the control groups. The problem 
of the placebo effect (or expectation) is particularly 
acute regarding invasive treatments. An ethical con-
cern is to decide how invasive a control treatment 
can be. 

It is important to differentiate between lack of evi-
dence (no controlled trials have been performed) and 
evidence for lack of effect (there is enough  evidence to 
indicate that the treatment is not effective). Another 
question is whether the evidence is valid regarding an 
individual patient. This important question will be dis-
cussed later.

Randomization is important to minimize selec-
tion bias as inadequate concealment of treatment 
allocation overestimates the treatment effect by 
41% [1] and  nonrandomized studies can give wrong 
answers [2]. Each patient should have the same 

Table 3.1 Type and strength of efficacy evidence

I Strong evidence from at least one systematic 
review of multiple well-designed randomized 
controlled trials

II Strong evidence from at least one properly 
designed randomized controlled trial of 
appropriate size

III Evidence from well-designed trials without 
randomization, single group pre-post, cohort, 
time series or matched case–control studies

IV Evidence from well-designed nonexperimental 
studies from more than one center or research 
group

V Opinions of respected authorities, based on 
clinical evidence, descriptive studies or reports 
of expert committees

Four levels of scientific evidence for the effectiveness of a 
certain intervention on a certain condition.

Level A Strong reserach-based evidence provided by 
generally consistent findings in multiple 
high-quality RCTs

Level B Moderate research-based evidence provided by 
generally consistent findings in one 
high-quality RCT plus one or more low-quality 
RCTs, or generally consistent findings in 
multiplelow-quality RCTs

Level C Limited or conflicting research-based evidence 
provided by one RCT (either high or low quality) 
or inconsistent findings in multiple RCTs

Level D No research-based evidence, i.e. no RCTs
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probability of being included in each study group and 
the allocation should be concealed. Randomization 
should be  performed by someone who has no direct 
relationship to the study participants using tables of 
random numbers or numbers generated by computers. 

Lack of double blinding will overestimate the treat-
ment effect by roughly 17% [1] and this can lead to 
completely different answers, as with acupuncture in 
back pain [3]. Double blinding is achieved if at least 
the study subject and those making the observations 
are unaware of the treatment. Patients and observers 
can decode blinding because of adverse effects (and 
informed consents). Blinding can be tested by asking 
the participants which treatment they thought was 
given. 

The control group is important as it indicates what 
the natural course of the disease is and/or how the new 
treatment compares with an established treatment. 
Figure 3.1 shows what effects different control groups 
can have. Patients with painful diabetic polyneuropa-
thy showed a large “placebo” response. This could indi-
cate that the patients either expected a large effect (the 
way the study was run enhanced the therapeutic effect 
of the treatment given) or the tendency for clinical 
improvement was greater in this group of neuropathic 
pain patients. 

An ideal protocol should include an inactive con-
trol (placebo) and an active control (a gold standard 
if such exists), and the study drug in more than one 
dose. This means several groups and large numbers 
of patients need to be recruited. Thus the size of the 
trial may be compromised and the study will lack 
power to show any difference. Studies to demonstrate 

unequivocally that there is no difference have to be 
very large, many times greater than standard analgesic 
 trials. This is why an inactive control is important.

Quantitative systematic reviews 
or meta-analyses
According to the Dictionary of Evidence-Based 
Medicine [4], meta-analysis refers to the systematic 
quantitative pooling of available evidence on a par-
ticular research question with the use of appropriate 
statistical methods. As such, it forms part of many 
systematic reviews. In the context of drug efficacy, 
clinical trial evidence is sought systematically and 
the relevant efficacy data extracted. The data are then 
pooled using suitable weights such as sample variance 
or sample size. The pooled estimate of efficacy is then 
presented with the appropriate confidence bounds to 
define its precision. 

Various statistical methods can be applied. The 
results of a meta-analysis are usually presented graphi-
cally with confidence interval (typically 95%) esti-
mates for the individual as well as the pooled  estimates 
of effect. Figure 3.2 shows the effect in individual stud-
ies and pooled effect of perioperative ketamine on the 
amount of morphine consumed in the ketamine ver-
sus placebo groups. In a cumulative meta-analysis the 
trials are arranged sequentially in order of publication 
date to provide a pooled estimate for the first two trials 
and then to update it with each subsequent trial [5].  

The most “user-friendly” is number needed to treat 
(NNT), a term is used to define the reciprocal of the 
risk or rate difference. In a comparative study of two 
treatments A (analgesic) and P (placebo), suppose 
that the numbers of patients having at least 50% less 
pain after receiving treatments A and P are 80/100 and 
60/100 respectively. Then the difference in rate of 50% 
pain relief is equal to 20/100. The reciprocal of this 
value, 5, is the NNT. This is interpreted as “on average, 
five patients need to be treated with  treatment A for 
one more patient to achieve at least 50% pain relief 
than would be the case if they received treatment P.” 

The formula to calculate NNT:

1/[(Aimproved/Atotal) – (Pimproved/Ptotal)] 
 = 1/[(80/100) – (60/100)] = 5.

NNTs are “easy” to understand and to compare across 
studies. It is important that those who calculate and 

Natural course

Visits without treatment �
natural course � doctor/nurse and patient interaction 

Placebo treatment � natural course
� interaction + expectation that there will be an effect

Active control � natural course � interaction
� expectation � actual effect 

Waiting list �
natural course � negativity as nothing is being done

Figure 3.1 Different components of the “placebo” effect 
in different control groups.
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Review:  Peri-operative ketamine for acute post-operative pain
Comparison: 01 Peri-operative ketamine vs control
Outcome:  01 Morphine (PCA) consumption over 24 h

Study
or sub-category n n

Roytblat 1993
Javery 1996
Stubhaug 1997
IIkær 1998
Adriaenssens 1999
Menigaux 2000 post
Menigaux 2000 pre
Guignard 2002
Jaksch 2002
Guillou 2003
Snijdelaar 2004

Total (95% CI)
Test for heterogeneity: x2 � 13.67, df � 10 (P � 0.19), I2 � 26.8%
Test for overall effect: Z � 8.42 (P � 0.00001)

212 220

�10

Favors treatment Favors control

�5 0 5 10

100.00 �15.98 [�19.70, �12.26]

11
22
10
30
15
15
15
25
15
41
13

11
20
10
30
15
15
15
25
15
52
12

29.50 (7.50)
25.82 (16.40)
64.50 (22.60)
28.00 (21.00)
19.40 (10.70)
24.20 (17.80)
28.20 (18.40)
42.70 (16.30)
44.10 (45.23)
37.00 (24.00)
32.15 (18.59)

48.70 (13.00)
51.10 (20.80)
68.00 (30.00)
36.00 (23.00)
30.70 (15.90)
49.70 (24.10)
49.70 (24.10)
64.90 (27.00)
40.23 (17.16)
48.00 (22.00)
50.42 (24.70)

17.60
10.64

2.55
11.14
14.72

6.02
5.88
9.06
2.31

15.43
4.65

�19.20
�25.28

�3.50
�8.00

�11.30
�25.50
�21.50
�22.20

3.87
�11.00
�18.27

[�28.07,  �10.33]
[�36.68,  �13.88]
[�26.78,  19.78]
[�19.14,  3.14]
[�21.00,  �1.60]
[�40.66,  �10.34]
[�36.84,  �6.16]
[�34.56,  �9.84]
[�20.61,  28.35]
[�20.47,  �1.53]
[�35.52,  �1.02]

Ketamine
Mean (SD)

Control
Mean (SD)

WMD (fixed)
95% CI

Weight
%

WMD (fixed)
95% CI

Figure 3.2 Meta-analysis of the 24 h-consumption of morphine via patient controlled analgesia as an outcome for the effi cacy of perioperative ketamine vs. 
placebo. Reproduced from Bell et al. [5].
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use NNTs understand both the problems and benefits 
when applying them. Pharmacologic studies in acute 
pain relief offer the highest quality data for meta-
analyses in pain research (see Chapter 2). NNT is 
treatment specific. It describes the difference between 
active treatment and control in achieving a certain 
clinical outcome. 

The NNTs shown in Figure 3.3 are based on rand-
omized and placebo-controlled studies where the base-
line pain intensities have been at least moderate. The 
pain-relieving effect of a single dose of the studied drug 
and placebo is assessed over 4–6 hours. If rescue medi-
cation is given during this period, the last value before 
rescuing is used for the remaining time points. The area 
under the time–analgesic effect curve for pain relief 
(TOTPAR) from time point 0 to 6 hours is calculated. 
The calculation of NNTs is based on data that cover a 
period of 4–6 hours postoperatively. The calculation of 
NNTs requires dichotomous data. In this case, the end-
point for improvement is set at �50% pain relief, mean-
ing that the TOTPAR shows that pain has decreased by 
at least 50% from the  baseline pain intensity.

As all the data for the analgesic league table shown 
in Figure 3.3 are based on single dose studies in 
acute postoperative pain over a period of 6 hours, all 
 conclusions should be restricted within these limits. 
A similar TOTPAR can be produced by a very effective 
but short-lasting analgesic and a less effective analge-
sic that has a longer duration of action. The time to 
onset of analgesia is not shown, so analgesics with 
slow onset but long duration of action or those with 
fast onset and fast offset may seem to underperform.

Figure 3.3 shows that nonsteroidal anti- inflammatory 
drugs (NSAIDs) compare well with opioids and that 
increasing the dose will improve the effectiveness of 
both NSAIDs and opioids. Higher doses will increase 
the risk for adverse effects. These are very different for 
the two groups of drugs. Figure 3.3 also shows that 
combination analgesics are effective. The combination 
analgesic is more effective than the  opioid component 
alone. Two examples are  paracetamol versus paraceta-
mol plus codeine [6] and tramadol versus tramadol 
plus paracetamol [7].  This is important when trying to 
minimize adverse effects. 

1305
194
770
440
142
649
563
442
1167
598
882
2283
5061
963
716
359
816
946
561
364
2898
790
279
636
127
116
308

1 3 5 7 9 11 13 15 17 19

NNT (95% CI)

Pethidine (intramuscular) 100 mg

Morphine 10 mg (intramuscular)

Aspirin 600/650 mg

Aspirin 1000 mg

Diclofenac 100 mg
Ketorolac (intramuscular) 60 mg

Paracetamol 1000 mg/Codeine 60 mg
Diclofenac 50 mg
Aspirin 1200 mg

Ketorolac (oral) 10 mg
Ibuprofen 400 mg

Tramadol 150 mg

Paracetamol 600 or 650 mg/Codeine 60 mg
Ketorolac (intramuscular) 30 mg

Dextropropoxyphene 65mg/paracetamol 650 mg

Paracetamol 1000 mg
Tramadol 100 mg

Aspirin 650/Codeine 60 mg
Paracetamol 600/650 mg

Paracetamol 300 mg/Codeine 30 mg
Tramadol 75 mg

Paracetamol 500 mg
Ketorolac (intramuscular) 10 mg
Dextropropoxyphene HCl 65 mg

Tramadol 50 mg
Dihydrocodeine 30 mg

Codeine 60 mg

P
atients in com

parison 

Figure 3.3 Oxford League Table of Analgesic Effi cacy: NNT for at least 50% pain relief in patients with moderate to 
severe postoperative pain over 4–6 hours. Information was from randomized, double-blind, placebo-controlled trials. 
All doses oral except where indicated. The lower the NNT, the more effective the analgesic.
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The number of patients included in the calculation 
of the NNT is important. The number of patients 
required in each group for a clinically relevant NNT 
(NNT within � 0.5 of true value) depends on the 
experimental event rate (EER � the proportion of 
patients given the active drug experiencing at least 
50% pain relief). Based on single-dose acute pain 
analgesic trials in over 5000 patients, the control event 
rate (CER � proportion of patients experiencing at 
least 50% pain relief with placebo) is roughly 16%. 
Most common analgesics have EERs in the range of 
40–60%. The group size required to obtain a proba-
bility of 0.95 would be �500 if the EER is 40% and 
about 180 if the EER is 60% [8].

The L’Abbé plot displays individual trial results so 
that the reader can easily identify which of the tri-
als show benefits in favor of the test treatment and 
which do not (Fig. 3.4). The two axes of the plot 
represent the response of interest (e.g. percentage of 
patients having at least 50% pain relief) for the two 
treatment groups. Identical scales are chosen for each 
group’s response (y axis for the test  treatment, e.g. 
ibuprofen, and x axis for the control treatment, e.g. 
placebo) and the plane subdivided into two equal 
areas separated by a 45° diagonal line of equality. 

Trials which show results in favor of the test treat-
ment fall in the region above the diagonal while 
those which favor the control treatment fall below 
the diagonal. The symbol (circle) chosen to represent 
the individual trial may be sized to reflect the sam-
ple size or inverse variance of the estimate and hence 
the weight which should be attached to each of the 
trials [9]. 

Qualitative systematic reviews
The Dictionary of Evidence-Based Medicine [4] defi-
nes a systematic review as a review of a particular 
subject undertaken in such a systematic way that 
the risk of bias is reduced. The review objectives are 
defined precisely and formal and explicit methods 
are used to retrieve the available  evidence as compre-
hensively as possible. Inclusion and exclusion criteria 
for studies are defined. In the evaluation of medical 
interventions, outcomes to be used for efficacy or 
safety are identified and the relevant data extracted 
using explicit methods. Appropriate  statistical 
methods are used for pooling any suitable quantita-
tive data (meta-analysis) to provide an estimate of 
 efficacy or safety and the clinical significance of the 
results discussed. 

Ibuprofen
average 54%

Placebo
average 16%

0

20

40

60

80

100Percent with
at least 50%
pain relief with
ibuprofen

0 20 40 60 80 100
Percent with at least 50%
pain relief with placebo 

NNT� 2.7 (2.5–3.0)

Figure 3.4 Ibuprofen 400 mg vs. 
placebo. Each point represents one 
trial with the proportion of patients 
achieving at least 50% pain relief on 
the study drug plotted on the y-axis, 
and the proportion of patients 
achieving the same endpoint with 
placebo on the x-axis. The drugs were 
given for postoperative pain when 
the pain was at least moderate in 
severity. All circles above the line of 
equality indicate that ibuprofen was 
more effective than placebo. Modifi ed 
from McQuay HJ, Moore RA. 
Oral ibuprofen and diclofenac in 
postoperative pain in. An 
evidence-based resource for pain relief. 
Oxford University Press, Oxford: 1998.
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It is often not possible to combine (pool) data, 
resulting in a qualitative rather than a quantitative 
systematic review. Combining data is not possible if:

no quantitative information is available in the com-
ponent trials of the review
trials had different clinical outcomes
patients were followed for different lengths of time
combining continuous rather than dichotomous 
data may be difficult.

Narrative (nonsystematic) reviews are important as 
they are often used as a source for references. They 
can easily be biased, however, as both inclusions and 
conclusions may be determined by the author’s own 
opinion rather than by systematic methodology. 
Setting criteria for inclusion, assessing quality and 
vote counting, i.e. determining how many studies 
show that the intervention works or does not work, 
requires at least three authors. Vote counting can lead 
to wrong results if more weight is not given to stud-
ies of higher quality and validity.

Quality and validity
Quality scales (Table 3.2) score trials for randomiza-
tion, double blinding and description of withdrawals 
and drop-outs. A trial must be of a certain qual-
ity to be included in a review. Nonrandomized and 
 randomized studies can show completely different 
results. A review of transcutaneous electrical nerve 
stimulation (TENS) for postoperative pain relief 
[2] analyzed 17 randomized and 19 nonrandomized 
studies. Seventeen of the 19 nonrandomized studies 
showed that TENS was more effective than placebo 
while 15 of the 17 randomized studies showed that it 
was less effective than placebo.

Nonblinded studies may also overestimate treat-
ment effects. A review of acupuncture for back pain 
[3] included both blinded and nonblinded studies. 
The blinded studies showed that 57% of patients 
improved with acupuncture and 50% with control. 
The five nonblinded studies, however, showed a sig-
nificant difference from control as 67% improved 
with acupuncture and only 37% with control. 

In general, studies with low quality score (Table 3.2) 
show greater effects of treatment than higher quality 
studies. A systematic review analyzed 50 trials with 
2394 patients for the effectiveness of acupuncture in 
chronic pain [10]. Most high-quality studies showed 
either no benefit or that acupuncture was worse than 

•

•
•
•

control. From 40% to 50% of the low-quality trials 
showed acupuncture to be better than control. 

However, this does not necessarily mean that the 
trial is of adequate design to answer the question it 
posed. The issue of validity is thus different from that 
of quality. An analgesic trial with a high quality score 
would not be valid if the trial investigated patients 
with insufficient baseline pain to show an analge-
sic effect. Adequate baseline pain intensity [6] and 
adequate numbers of patients in each group [8] are 
two of the most important inclusion criteria based 
on assessment of validity (Table 3.3). In pre-emptive 
studies where the analgesic is given before the pain 
appears, it is not possible to assess baseline pain and 
new methodologic approaches need to be developed 
[11]. This is particularly important considering the 
current interest in preventing acute pain becoming 
chronic (see Chapter 16).

It is essential that the authors are familiar with 
the clinical setting in order to appreciate the specific 
questions of validity. Assessment of validity may 
require tailor-made criteria for different settings, e.g. 
in dental [12] or back problems [13]. Valid outcomes 
should also be considered carefully. Simple pain 
intensity or pain relief scales may not be the most 
appropriate outcomes in chronic pain, particularly if 
they are used as the only measures. Several interven-
tions may improve the quality of life, physical func-
tioning or coping strategies of the patients with little 
effect on pain itself.

Systematic reviews do not carry quality control 
labels apart from Cochrane reviews that have been 

Table 3.2 Quality scoring. From Jadad et al. [45]

Score

Randomized?

• Yes  1

• Appropriate?
– yes (table)  1
– no (alternate) �1

Double-blind?

• Yes  1

• Appropriate  1

– yes (double-dummy)  1
– no �1

Withdrawals described?

• Yes  1
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approved by editors of the Cochrane Collaboration. 
The following list of quality control checks has been 
suggested by Oxman & Guyatt [14].

Were the questions and methods stated clearly?
Were the search methods used to locate relevant stud-
ies comprehensive?
Were explicit methods used to determine which arti-
cles to include in the review?
Was the methodologic quality of the primary stud-
ies assessed?

•
•

•

•

Were the selection and assessment of the primary 
studies reproducible and free from bias?
Were differences in individual study results explained 
adequately?
Were the results of the primary studies combined 
appropriately?
Were the reviewers’ conclusions supported by the 
data cited?

A major concern regarding validity is also the  relevance 
of the RCT for current practice. Medicine develops 

•

•

•

•

Table 3.3 Oxford Pain Validity Scale (OPVS). From Smith et al. [46]

Item Score

Blinding
• The trial was convincingly double blind 6

• The trial was convincingly single blind or unconvincingly double blind 3

• The trial was not blind/blinding is unclear 0

Size of trial groups

• Group size �40 3

• Group size 30–39 2

• Group size 20–29 1

• Group size 10–19 0

Outcomes

• The paper included results for at least one pre-hoc desirable outcome, and used it appropriately 2

•  No results for any of the pre-hoc desirable outcomes/a pre-hoc desirable outcome was used inappropriately 0

Baseline pain and internal sensitivity

•  For all treatment groups, there was enough baseline pain to detect a difference between baseline and 
post-treatment levels/the trial demonstrated sensitivity

1

•  For all treatment group, baseline levels were insufficient to be able to measure a change following the 
intervention/baseline levels could not be assessed/internal sensitivity was not demonstrated

0

Data analysis
a. Definition of outcomes

• The paper defined the relevant outcomes clearly 1

• The paper failed to define the outcomes clearly 0

b. Data presentation: location and dispersion

•  The paper presented mean data � SD/dichotomous outcomes/median � range/sufficient data to enable 
extraction of any of these

1

• The paper presented none of the above 0

c. Statistical testing
• Appropriate statistical test with correction for multiple tests where relevant were used 1
• Inappropriate statistical test and/or multiple testing without correction/no statistics were used 0

d. Handling of drop-outs
•  The drop-out rate was either �10%, or was �10% and includes an ITT analysis in which drop-outs were 

included appropriately

1

•  The drop-out rate was �10% and drop-outs were not included in the analysis/it is not possible to calculate 
drop-out rate presented in the paper

The maximum total score is

0

16
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rapidly and therefore studies performed 10–20 years 
apart from each other are hardly comparable. 

Systematic reviews do not compete with original 
research; rather, they complement each other. The 
greatest benefit of systematic reviews is the lessons they 
have taught us about trial methodology. They provide 
a means of quality control over clinical trials and help 
us to develop and apply better research methodology 
and to produce more reliable data. The Consolidated 
Standards of Reporting Trials (CONSORT) Statement 
was first published in 1996 and was revised in 2001 
for improving the quality of reports of parallel group 
randomized trials [16] cluster randomized trials [17], 
noninferiority and equivalence trials [18], herbal inter-
ventions [19] and nonpharmacologic treatments [20]. 
Most high impact factor medical journals currently 
endorse the CONSORT statement [21]. Standards for 
improving the quality for reporting on meta-analyses 
of RCTs were published in 1999 [22].

Evaluating adverse effects

There is a profound need to recognize the importance 
of adverse events. In the USA, adverse drug reactions 
(ADRs) have been found to be involved with large 
numbers of deaths, with fatal ADRs ranking as the 
fourth to sixth leading cause of death after heart  disease, 
cancer, and stroke, and similar to pulmonary disease 
and accidents [23]. A recent Swedish study showed that 
fatal drug reactions account for approximately 3% of 
all deaths in the general population [24]. In hospitals, 
analgesics are associated with the single largest number 
of adverse effects, with opioids  particularly a concern 
[25]. As well as the human dimension, adverse events 
are expensive. Studies of the cost of gastrointestinal 
bleeding due to NSAIDs across countries are consist-
ent, and in the UK the estimate was a conservative £250 
million (410 million euros) a year [26].

Adverse events can be common or rare, minor or 
major, reversible or permanent, and mild or severe. 
They generally fall into two distinct groups: they 
tend to be common, minor and reversible, on the one 
hand, or rare, major and permanent on the other. 
Examples of the two groups might be dry mouth with 
antidepressants and upper gastrointestinal bleeding 
with NSAIDs. How we examine evidence on adverse 
events depends to a large extent on which group the 
adverse event belongs to. 

Information on common, minor and reversible 
adverse events may be present in clinical trial reports, 
but these are frequently matters of secondary impor-
tance to efficacy, and consequently they are poorly 
reported [27]. In a review of adverse event reporting 
in 192 randomized trials in seven clinical areas, the 
number of discontinuations was most commonly 
reported in 75% of trials, though the reason was 
reported in only 46% [28]. 

Adverse events can be collected in systematic 
reviews. This is not always done, however, and the 
reporting is commonly not done in any standard way 
in clinical trials. Adverse events are usually reported as:

patients reporting any adverse event: this collects 
information on all patients who had any complaint, 
of any severity
particular adverse events: this collects patient informa-
tion about specific (hopefully well-defined) adverse 
events
severe adverse events: if there is a definition of an 
adverse event that has a clinically evident severe 
consequence.

Information on adverse events can be dealt with in 
the same way as with efficacy, using L’Abbé plots, sta-
tistical tests, numbers needed to harm (NNH), and 
percentage of patients with the event. Adverse events 
often occur less frequently than do the efficacy events 
of interest, and that means amounts of information 
available are often inadequate for a sensible answer. 
Trials are usually powered for efficacy, not adverse 
events. Adverse events are also more complicated 
to assess and analyze because there may be several 
 different types of adverse events with different sever-
ity. The importance of an adverse event also depends 
on the patient (cannot possibly put up with a dry 
mouth or inability to drive a car) and his/her condi-
tion (constipation after bowel surgery). 

Information on adverse events in a single-dose 
analgesic trial is of limited value. Information from 
pooling of several studies can produce more use-
ful information about adverse effects though num-
bers may still be low. The meta-analysis of tramadol 
in postoperative pain [29] showed that increasing 
the dose of tramadol also increased the incidence of 
adverse events. 

The method of assessment (spontaneous report, 
checklist, patient diary) and data provided by the 
informed consent form affect the reported incidence 

•

•

•
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of adverse events, and that complicates the com-
parison of results across trials. If adverse event rates 
are very similar in the active and control (placebo) 
groups, this indicates that most “adverse events” are 
probably not due to the analgesic itself but could 
be related to the underlying disease (e.g. nausea in 
 cancer). This makes it difficult to identify an adverse 
event that is solely due to the analgesic being used 
because of the background “noise” due to other inter-
ventions or diseases.

Rare, major and permanent adverse events pose 
even trickier territory because, being so rare, they are 
unlikely to be seen in randomized trials, and therefore 
in systematic reviews. Information on rare and seri-
ous adverse events will usually be found in epidemio-
logic studies. Examples are studies that examined the 
relationship between NSAID use and upper gastroin-
testinal bleeding [30, 31], NSAID use and renal failure 
[32] and heart failure [33].  

Studies have been specifically designed and pow-
ered to analyze gastrointestinal safety when compar-
ing COX-2-selective drugs with nonselective NSAIDs. 
A total of 8000 patients were enrolled in two large 
randomized trials [34, 35] and they and the meta-
analyses of randomized trials [36, 37] showed that 
COX-2 selectivity decreased the risk for GI complica-
tions by about 50%. 

These large studies estimate the annual risk of a gas-
trointestinal bleeding to be 1–2%, without  indication 
of the severity, which could include death. Tramèr 
et al. [38] introduced a new model to quantitatively 
estimate rare adverse events that follow a biologic pro-
gression. They searched systematically for any report 
of chronic (�2 months) use of NSAIDs that gave 
information on gastroduodenal ulcer, bleed or perfo-
ration, death due to these complications, or progres-
sion from one level of harm to the next. In addition to 
15 RCTs (nearly 20,000 patients exposed to NSAID), 
three cohort studies (over 215,000 patients), six case–
 control studies (about 3000 cases), 20 case series (7400 
cases) and 4450 case reports were analyzed. 

In RCTs the incidence of bleeding/perforation was 
0.69% with two deaths. Of the over 11,000 patients 
with bleeding/perforation with or without NSAID 
exposure across all reports, an average of 12% died. 
The risk was lowest in RCTs and highest in case 
reports. Death from bleeding/perforation in all con-
trols not exposed to NSAIDs occurred in 0.002%. 

From these numbers, the authors calculated the NNT 
for one patient to die due to gastroduodenal com-
plications with chronic NSAID as 1/[0.69 [mult] 
(12%–0.002%)] � 1220. On average, one in 1200 
patients taking NSAIDs for at least 2 months will 
die from gastroduodenal complications who would 
not have died had they not taken NSAIDs.

The CONSORT Group published an update of the 
CONSORT Statement for better reporting of harms 
in randomized trials in 2004 [39].

Balancing benefit and harm
Balancing benefit and harm by comparing NNT 
and NNH is justified only if both values are reliable. 
Single-dose analgesic studies (2898 patients, 1606 
receiving ibuprofen, 1292 placebo) in postoperative 
pain suggest an NNT of about 3 for 50% pain relief 
after 400 mg of oral ibuprofen. The respective NNH 
for any patient experiencing any minor adverse event 
is about 25. We know that roughly 16% of patients 
have at least 50% pain relief with placebo (CER is 
16%) and that most common analgesics have EERs 
in the range of 40–60%. The group size required to 
obtain a probability of 0.95 would be �500 if the EER 
is 40% [8]. The CER for adverse events is 15% and 
the common analgesics cause an adverse event in 19% 
of the patients. The group size to obtain a probability 
of 0.95 would be �2000 [7]. With sufficient informa-
tion, plots of NNT versus NNH might be useful aids 
in making clinical or policy decisions.

Patient withdrawal from a study due to adverse 
events is considered as major harm and is reported 
commonly [28]. The drop-out figures in clinical tri-
als may not reflect the real-life situation, as patient 
compliance may be better during short clinical tri-
als than in long-term use. One method of achieving 
more realistic estimates of patient preference may be 
to ask the patient to balance benefit and harm: how 
much and what adverse events are an acceptable price 
for a certain amount of pain relief ? Studies on drugs 
affecting the CNS (e.g. antidepressants and anticon-
vulsants) often have to use a design where the patient 
titrates him/herself to the dose that gives adequate 
pain relief or the highest tolerated dose even if pain 
relief is not adequate. If the design of an RCT has 
not used individual titration, the results on major 
harm may be flawed as they do not reflect a real-life 
situation. 
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If we have seen no serious adverse event in 1500 
exposed patients, we can be 95% sure that they do 
not occur more frequently than 1 in 500 patients. Few 
new drugs have been tested in more than a few thou-
sand patients when they first become commercially 
available. This makes case reports, yellow cards, and 
properly done postmarketing surveillance important. 
Pharmacogenomics may provide information in the 
future that will make estimation of adverse drug reac-
tions easier.

Using evidence for the individual 
patient

The evidence that we have from systematic reviews 
and meta-analyses tells us how an intervention works 
in general in the average patient. This is important 
when large-scale estimates are made regarding, for 
example, the cost-effectiveness of drugs. However, 
when making treatment plans for an individual 
patient, this kind of evidence forms only one part of 
the information that is needed for appropriate deci-
sion making. The patient (e.g. age, gender, other 
diseases and medications, organ function, financial 
capacity) will form the framework within which vari-
ous treatment options are balanced for benefit and 
harm. It is well known that patients do generally bet-
ter in RCTs than in normal clinical practice. This may 
be due to the usually strict entrance criteria. However, 
there are many factors in the RCTs (patient informa-
tion, regular appointments and other contacts, true 
patient participation, encouragement) that could be 
used to improve clinical outcomes.

Future of evidence?

There are two important developments that should, 
at least theoretically, change the way we collect evi-
dence for interventions. One is the introduction of 
electronic patient reports and the other is genomics 
research. Structured reporting and assessment of, for 
example, drug effects could be performed in the clinic 
and the data could be used not only for the benefit of 
the individual patient but also for the almost online 
compilation of evidence. Some pharmacologic inter-
ventions (e.g. drugs metabolized via CYP enzymes) 
will be connected to pharmacogenetic analyses (e.g. 
assessment of CYP 2D6 metabolizer status). This will 

also mean that future RCTs will be more targeted and 
have genomics-based entrance criteria. 
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CHAPTER 4

Neurobiology of pain

Victoria Harvey and Anthony Dickenson
Department of Pharmacology, University College London, London, UK

Introduction

Pain is a sensation related to potential or actual dam-
age in some tissue of the organism. At the dawn of 
time, the first organisms developed systems that 
allowed them to move away from a painful (nocicep-
tive) stimulus. This alarm sign represents the begin-
ning of a chain of biological events one purpose of 
which is to provide a warning to the organism. Thus, 
the activation of the pathways involved in coding, 
transmitting and interpreting pain are involved in 
sensory perception of the stimulus, but other sys-
tems activate muscles to enable active avoidance of 
the painful stimulus. In fact, it is thought that there 
are general similarities in the pattern of acute nocic-
eptive behavior observed in the marine snail, Aplysia 
californica, with those from more evolved phyla, 
such as rats and humans, suggesting that common 
nocifensive responses such as injury detection, escape 
and recuperation are shared in genetically diverse 
species [1].

Pain perception in higher order species, includ-
ing humans, also involves the activation of areas 
of the brain associated with emotions, such that we 
feel anxiety, anger, and fear as a result of pain [2, 3]. 
The mechanisms underlying the transmission and 
 perception of pain are numerous and diverse in 
nature, including sophisticated neuronal  networks 
involving thousands of nerve cells and multi-
ple chemical factors (Fig. 4.1). Pain is not simply a 

 neurophysiologic problem; in fact, pain perception is 
a highly complicated process that can be modulated 
by gender, age, and psychological, psychosocial and 
genetic factors [4, 5].

Despite the knowledge gained over the last few 
years on the mechanisms of pain and analgesia, the 
problem of pain is still not fully resolved, particu-
larly when the signals that pain promotes remain 
over long periods of time, generating chronic pain. 
In this situation, the survival or warning action of 
pain has an unclear function. In the same way, neu-
ropathic pain generated as a consequence of a lesion 
in neuronal pathways should predictably only lead to 
numbness but patients frequently have pain as well. 
This is probably due to our having systems that can 
enhance, amplify and prolong pain as a further warn-
ing mechanism but with chronic neuropathic pain, 
these become dysfunctional or outlast their usefulness 
in the short term. 

Chronic pain can be broadly categorized into three 
types: inflammatory, neuropathic and dysfunctional 
pain. We have used the terms inflammatory and neu-
ropathic pain in this account to distinguish these 
major types of pain on the basis of the involvement 
of tissue damage or disease process. Some authors 
use the term nociceptive pain to reflect inflammatory 
pain. All pain is nociceptive and we feel that the des-
ignation of tissue damage within the term inflamma-
tory is more apt. Inflammatory pain can arise from 
an insult to the integrity of tissues either by trauma 
or infection, and associated conditions include head-
aches, arthritis and appendicitis. Neuropathic pain, 
defined by trauma to or pathological changes in the 
central or peripheral nervous systems, often responds 
poorly to standard pain treatments. Examples of neu-
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ropathic pain, amongst others, include pain arising 
from nerve degeneration as a consequence of dia-
betes, stroke, ischemia or multiple sclerosis, nerve 
infection from viral agents such as shingles or HIV, 
entrapment neuropathy underlying the commonly 
reported carpal tunnel syndrome, and alcoholism 
which can cause neuropathy through nutritional defi-
ciencies. The third type of pain can be ascribed to 
nerve dysfunction and is thought to underlie condi-
tions such as fibromyalgia, irritable bowel syndrome 
(IBS) and migraine, and is often poorly characterized 
by nonlocalized diffuse pain which is not accompa-
nied by overt tissue inflammation or nerve pathology. 

By classifying the type of pain a patient is suffering, 
the first essential step in pain management has been 
taken. However, some chronic pain states are hetero-
geneous conditions and cannot always be categorized 
unequivocally; for example, osteo-arthritis is a chronic 
degenerative disorder characterized by inflammation 
within the joint and potential neuropathy resulting 
from joint deformity. Similarly, cancer pain involves 
inflammatory pain aspects and neuropathic pain 
resulting from nerve compression or distension or 
engendered by chemotherapy-induced neurotoxicity 
 leading to atypical neuronal functionality.

Pain can be spontaneous, existing without a stimu-
lus, or can be triggered by stimuli. Spontaneous pain 
can be either constant or intermittent, and most 
patients describe having both (e.g. constant “burning” 
pain plus intermittent “shooting” or “electric shock-
like pain”). Evoked pains often include allodynia 
where normally non-noxious stimuli such as cooling, 
gentle touch, movement and pressure now evoke pain. 
In addition, abnormal sensations including crawling, 
numbness, itching, and tingling are often reported, 
suggesting changes in the nervous system as a result 
of the insult. The symptoms are similar despite the 
many causes of nerve injury. In a recent study, 26% 
of patients with type 2 diabetes were found to have 
neuropathic pain [6], and it has also been reported 
to occur in more than one-third of HIV patients [7]. 
Moreover, the severity and prevalence of pain vary 
with the type and stage of the disease. In cancer pain, 
for example, 30–45% of patients on average experi-
ence moderate to severe pain at the time of diagnosis 
and at intermediate stages this rises to nearly 75% of 
patients with advanced stage cancer [8].

The mechanisms underlying aberrant behavio-
ral and neuronal signs in animal models of periph-
eral neuropathic pain can be divided into peripheral 
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and central. Four main mechanisms have been 
suggested to be relevant: changes in ion channels 
(mainly sodium channels) at and around the site of 
injury, changes in transmitter release through cal-
cium channels, central spinal hyperexcitability and 
finally, increases in descending facilitations. They are 
universal to different models of neuropathy and not 
only do these mechanisms have some supporting evi-
dence from humans but often the mechanisms relate 
to clinically effective drugs.

Peripheral events

The first stage in the transmission of acute pain 
involves activation of specialized sensory receptors 
on a certain set of peripheral nerves called C-fibers – 
the nociceptors. These receptors include mechano, 
chemo- and thermoreceptors, so the nociceptors 
 associated with C-fibers are often termed polymo-
dal since they can respond to a variety of painful 
stimuli [9]. C-fibers are responsive to such a range 
of peripheral painful stimuli since nociceptors are 
not single entities but comprise a number of recep-
tors or channels that sense and respond to a variety 
of stimuli. It has long been known that capsaicin, the 
hot ingredient in chilli peppers, evokes a sensation of 
burning pain thought to occur from the activation 
of the vanilloid receptor 1 (VR1/TRPV1), a receptor 
thought to represent the molecular identity of our 
heat sensor [10]. More recently, two members of the 
transient receptor potential (TRP) family, TRPM8 
and TRPA1, have been associated with the transduc-
tion of cool and noxious cold signaling, respectively 
[11]. The epithelial Na� channel (ENaC) [12] and the 
K� channel TRAAK [13] are thought to open or close 
in response to mechanical stimuli. The ongoing dis-
covery of receptors and mechanisms associated with 
pain perception reflects the complexity of the proc-
esses which underlie it. By identifying the sensors 
involved in the transduction of noxious stimuli, novel 
therapies could arise from drugs that block these 
sensors.

Tissue damage

The peripheral terminals of small-diameter neu-
rones, especially in conditions of tissue damage, may 
be excited by a number of endogenous chemical 

mediators. These chemical mediators then interact 
to cause a sensitization of nociceptors so that afferent 
activity to a given stimulus is increased by the pres-
ence of inflammation. This has been called primary 
hyperalgesia. 

Chronic inflammation arises when C-fibers, which 
normally transmit noxious information, become 
activated by chronically inflamed tissue and thus 
sensitized nociceptors now transmit low-threshold 
signals to the spinal cord as pain. One of the most 
important components in inflammation is the pro-
duction of arachidonic acid metabolites, giving rise 
to a large number of prostaglandins. These chemicals 
do not normally activate nociceptors directly but, by 
contrast, reduce the C-fiber threshold and so sensi-
tize the nociceptors to other mediators and stimuli. 
Thus the use of both steroids and the nonsteroidal 
anti-inflammatory (NSAID) drugs is based on their 
ability to block the enzyme cyclo-oxygenase (COX) 
which catalyzes the conversion of arachidonic acid 
to these mediators. The main action of the NSAID 
is to inhibit COX-1 but as this form is the constitu-
tive enzyme, COX-1 inhibition results in varied gas-
trointestinal complications ranging in severity from 
dyspepsia to serious ulcer bleeds and perforations. 
Importantly, a second inducible form of COX, COX-2, 
has been described, displaying a different pattern of 
distribution and activity from COX-1 [14]. This has 
led to the hypothesis that the selective blockade of 
COX-2 would improve the therapeutic profile of this 
class of drugs by avoiding the undesired gastropathy 
associated with COX-1 inhibition [15]. However, two 
selective COX-2 inhibitors, Vioxx (rofecoxib) and 
Bextra (valdecoxib), have been removed from the 
market following reports indicating an increased risk 
of heart attack or stroke among patients, and serious 
cutaneous adverse reactions respectively [16,17]. This 
effect of these second-generation NSAID has called 
into question their improved therapeutic gain. 

Bradykinin, hydrogen ions and serotonin, 5-
hydroxytryptamine (5HT) accumulate in damaged 
tissue and further excitation of nociceptive affer-
ents can occur via the activation of its large number 
of receptors [18]. These same chemicals cause a 
number of effects including vasodilation and plasma 
 extravasation so that blood vessels become leaky and 
plasma seeps out, so causing edema that often accom-
panies tissue damage. The key role, but not the exact 
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mechanisms of action, of 5HT in the pain associated 
with migraine [19] and other headaches is well estab-
lished but little is known about the actions of this 
mediator in other nonheadache pains. 

Nerve damage

Neuropathic pain states are characterized by both 
negative symptoms (sensory loss, numbness) and 
the positive symptoms of allodynia, hyperalgesia and 
ongoing pain that are unlike the consequences of 
damage to our other sensory systems. These positive 
symptoms strongly suggest changes within the nerv-
ous system that are excessive attempts to compensate 
for sensory loss. The initial events of neuropathic 
pain are thought to be generated in the peripheral 
sensory neurones within the nerve itself at the site 
of damage and so are independent of peripheral 
nociceptor activation. Following damage to periph-
eral nerves, a number of changes can be produced, 
in terms of activity, properties and transmitter con-
tent. Damaged nerves may start to generate ongo-
ing “ectopic” activity where patterns of excitability 
and conduction in primary afferent fibers (PAF) are 
markedly altered. Nerve endings may also seal off and 
sometimes unsuccessfully attempt to sprout, resulting 
in the formation of a neuroma which can often lead 
to abnormal mechanosensitivity [20]. 

The causes of the spontaneous ectopic activity are 
thought to involve sodium channel receptor accu-
mulation and clustering in the PAF neuroma [21], 
but may also involve changes of the density or func-
tional properties of calcium and potassium chan-
nels [22–25]. These changes may also be dependent 
on the type of nerve damage encountered since the 
expression of tetrodotoxin (TTX)-resistant sodium 
channels, for example, is downregulated following 
axonal lesions but upregulated following inflam-
mation [26]. This aberrant activity can then start to 
spread rapidly to the cell body in the dorsal root gan-
glia (DRG). In addition to changes within the nerve, 
sympathetic efferents become able to activate sensory 
afferents. These peripheral ectopic impulses can cause 
 spontaneous pain and hyperalgesia. This peripheral 
activity may be a rational basis for the use of systemic 
local anesthetics, such as lignocaine, in neuropathic 
states since damaged nerves have been shown to be 
highly sensitive to systemic sodium channel blockers 

[27–29]. This too is probably part of the basis for the 
mechanisms of established effective anticonvulsants 
that block sodium channels, such as carbamazepine 
[30] and phenytoin [31]. 

The potential for a systemic drug that blocks pain-
related sodium channels has now gained impetus 
as at least two sodium channels with either unique 
(Nav 1.8) or selective (Nav 1.7) localization in small 
afferents have been validated [32, 33]. The former 
has a selective blocker, effective in preclinical models 
[34], and the latter has been shown to be implicated 
in human familial pain disorders [35, 36]. If effective 
in humans, these agents could provide truly novel 
approaches to pain control. 

Gabapentin and pregabalin are drugs licensed 
for neuropathic pain that have analgesic activity 
in neuropathic pain states from varying origins. In 
randomized controlled trials both gabapentin and 
pregabalin have demonstrated their value in the treat-
ment of pain associated with diabetic  peripheral 
neuropathy and postherpetic neuralgia [37–39]. 
The mechanism of action of gabapentin and pre-
gabalin is now clearly established; although both 
drugs are lipophilic analogs of GABA, their analge-
sic action is attributed to their interaction with the 
auxiliary-associated protein α2δ subunit, common 
to all  voltage-gated calcium channels [40, 41]. In ani-
mals, gabapentin displays state-dependent analgesia 
 inasmuch as it selectively inhibits altered neuronal 
function resulting from neuropathy whilst leaving 
normal activity unaffected [41– 44]. This ability to 
alter abnormal activity in a somewhat selective man-
ner may partly result from the fact that the spinal 
cord α2δ subunit is upregulated after nerve injury 
accompanied by functional changes in the roles of a 
number of calcium channels [24]. 

However, this is not the only factor that governs 
this state dependency, with pathways from midbrain 
hyperalgesic systems also participating. A likely path-
way involves spinal lamina I substance P-respon-
sive neurones which project to the parabrachial 
region and subsequently the rostroventral medulla 
(RVM) where descending serotonergic pathways 
can become activated, modulating spinal excitability 
through spinal neurones with substance P-saporin 
(SP-SAP), or intrathecal administration of the 5HT 
antagonist ondansetron, attenuates mechanical and 
 tactile hypersensitivity and aberrant neuronal coding 
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 following spinal nerve injury. Furthermore, in these 
animals, gabapentin efficacy can be switched on and 
off by interference with these 5HT-3 systems [45]. 

This descending facilitatory serotonergic drive is 
thought to play only a minor role under normal con-
ditions compared with pathophysiological conditions 
[46] and may be important not only in neuropathy 
but also in dysfunctional pains where not only is 
5HT implicated but these pathways provide a route 
by which abnormal central processing can diffusely 
increase spinal sensitivity. Human imaging studies 
have verified these circuits in non-neuropathic pains 
and shown an interaction with gabapentin [47, 48].

Central excitatory systems

The arrival of action potentials in the dorsal horn 
(DH) of the spinal cord, carrying the sensory infor-
mation either from nociceptors in inflammation or 
generated both from nociceptors and intrinsically 
after nerve damage, produces yet greater complex-
ity in pain and analgesia. Within the CNS, not only 
are excitatory mechanisms of prime importance but 
in contrast to much of the peripheral signalling, the 
role of controlling inhibitory transmitter systems is of 
paramount importance. Within our spinal cords and 
brains, not only are the sensory and emotional aspects 
of pain generated but there are also mechanisms that 
can make the pain signals stronger (descending facili-
tation) or weaker (descending inhibition). The main 
issue here is that the former predominate in most 
conditions since an absence of pain after trauma is 
a rare event confined to the short term in situations 
such as combat or sports events.

A large majority of nocisponsive PAF and many 
projection neurones contain the major excitatory 
neurotransmitter glutamate. Glutamate acts at both 
metabotropic (mGlu) receptors (G-protein cou-
pled) and the ionotropic AMPA, Kainate and NMDA 
receptors (coupled directly to ion channels). During 
persistent pain, C-fibers are stimulated repetitively 
at a high frequency, resulting in wind-up, an ampli-
fication and prolongation of the response of spinal 
DH neurones. In particular, NMDA receptors are 
thought to play a central role in this sensitization of 
DH neurones by increasing the synaptic efficacy of 
nociceptive pathways (long-term potentiation, LTP) 
and hence underpin hyperalgesia and allodynia [49]. 

Spinal LTP therefore presents one likely mechanism 
by which acute pain becomes chronic [50]. 

The development of NMDA receptor antagonists 
for the treatment of pain has been hampered since 
the NMDA receptor is essential for normal neuronal 
function [51]. First-generation NMDA antagonists 
include ketamine, memantine and dextromethor-
phan. This class of low-affinity uncompetitive open 
channel blockers is thought to inhibit only tonic 
pathophysiological NMDA receptor activity, leav-
ing phasic physiological activity unaffected [52–55]. 
Ketamine, originally clinically used as a dissociative 
anesthetic, can be used at low subanesthetic analgesic 
doses in a wide range of pain states. When adminis-
tered at a low dose perioperatively, ketamine spares 
opioid consumption and reduces opioid-related side 
effects such as nausea and vomiting [56], and is also 
effective as a “rescue analgesic” in acute pain that is 
poorly responsive to morphine [57]. The use of keta-
mine in the treatment of chronic pain, however, is 
more limited since long-term abuse engenders cog-
nitive impairments of memory, attention and judg-
ment and there is a paucity of data about issues such 
as tolerance, dependence and withdrawal. However, 
low-dose intravenous ketamine has proved effective 
in reducing allodynia associated with post- traumatic 
pain [58] and spinal cord injury pain [59], and 
patients suffering refractory cancer pain responded 
well to short-term “burst” treatment [60]. 

The long-term increase in pain sensitivity fre-
quently seen following injury or peripheral nerve 
damage is thought to be due to both alterations in 
transmission within the spinal cord and to changes 
in descending controls that run back to the spinal 
cord from the brainstem. Within this circuit, nocic-
eptive information is also relayed to higher centers in 
the brain via projection neurones. The neuroanatomy 
of these ascending pain pathways is highly complex, 
and supraspinal contacts include centers involved 
with the sensory-discriminative aspects of pain such 
as the intensity, location and duration of the stimulus 
as well as centers involved in the affective-cognitive 
aspects including anxiety, emotion and memory [61]. 
Importantly, these are the same areas of the brain that 
modulate descending serotonergic and noradren-
ergic inputs from the brainstem that regulate nocic-
eptive processing at spinal levels. Thus, a network of 
spinal and brain circuits can change spinal  sensitivity 
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to peripheral inputs, and regulation of this by 
 descending pathways from the brain can link the level 
of cord sensitivity to the behavioral and environ-
mental context. For example, pain can cause anxiety 
and sleep deficits, and the sensation of pain becomes 
more intense as a result of this reciprocal regulation. 
Conversely, “fear conditioning,” whereby anticipation 
in response to re-exposure to a situation  previously 
associated with a noxious stimulus, can activate the 
endogenous antinociceptive descending pathways 
and thus provides an important survival response in 
mammals [62]. 

Several classes of antidepressant including serot-
onin and noradrenaline reuptake inhibitors (SSRIs, 
SNRIs), and tricyclic antidepressants, in particular 
amitriptyline, have proved effective in the treatment 
of certain types of neuropathic pain [63, 64]. The 
analgesic mechanism of action of antidepressants is 
not fully understood but it is thought to be independ-
ent of their antidepressant effect. Since these agents 
increase synaptic levels of noradrenaline and 5HT, 
their central analgesic action is likely to involve either 
presynaptic mechanisms reducing nociceptive trans-
mission or postsynaptic mechanisms enhancing the 
endogenous descending inhibitory pathways. Likely 
targets include the activation of central inhibitory α2-
adrenoreceptors and members of the inhibitory 5HT-1 
receptor family as well-known analgesics such as the 
antihypertensive drug clonidine and the triptan fam-
ily, used in the treatment of migraine, exert their 
analgesic effects through these receptors respectively 
[65, 66]. Given that facilitatory 5HT-3 receptors are 
also present in the dorsal horn [67], the improved 
efficacy of SNRIs over SSRIs observed in the treat-
ment of neuropathic pain [68] may be accredited to 
this. More recently, a horde of peripheral analgesic 
targets has also been proposed [69]; at these sites it 
is unlikely that the increased availability of 5HT and 
noradrenaline is accountable since these agents are 
thought to be pronociceptive at this level. 

Central inhibitory systems

The role of inhibitory systems is important in the 
control of events following C-fiber stimulation. 
Opioids are the major inhibitory controls on pain 
and all clinically used opioid drugs act on the µ 
receptor, the receptor for morphine which is thought 

to be responsible for both the analgesic and adverse 
effects of morphine [70]. The actions of clinically 
used opioids can now be explained in terms of their 
acting as agonists at one of the four opioid receptors 
found in the brain, spinal cord and peripheral nerv-
ous system. All opioid receptors are inhibitory. The 
receptors are for the endogenous opioid peptides 
that function as transmitters in the nervous system. 
Like all other peptides, they are synthesized as large 
inactive precursors in the neuronal cell body and 
transported to the terminal, with processing en route 
yielding the active fragment which is then released 
into the synapse and activates the appropriate recep-
tors. Morphine activates opioid receptors to a much 
greater extent than the opioid peptides and so pro-
duces profound analgesia.

The opioid receptors are found on postsynaptic 
sites but presynaptic locations predominate so that 
activation of the receptors can control the release of a 
number of neurotransmitters. The endogenous pep-
tides are rapidly degraded so that nonpeptide agonists 
are needed. Side effects are due to the peripheral and 
central receptors whereas the analgesic effects are due 
to the interaction of opioid with central receptors. 
The degree of analgesia can be limited by the side 
effects. All clincially important opioids act on the mu 
receptor and hopes for other opioids acting on the 
other opioid receptors have not yet been fulfilled.

µ Receptors are located in the periphery, where 
their transportation from the DRG is upregulated 
following inflammation [71], and at pre- and post-
synaptic sites in the spinal cord and in the brain. 
The actions of opioids are best understood in the 
DH of the spinal cord, where their analgesic mech-
anisms involve reduced transmitter release from 
nociceptive C-fibers following noxious stimula-
tion [72], and postsynaptic inhibitions resulting 
from Κ+ hyperpolarization of projection neurones 
conveying information from the spinal cord to the 
brain. The opioid receptors in the spinal cord are 
predominantly of the µ and δ types and are found 
in the C-fiber terminal zone (the substantia gelati-
nosa) in the superficial dorsal horn. Up to 75% of 
the opioid receptors are found presynaptically on 
the C-fiber terminals and when activated, inhibit 
neurotransmitter release. Their opening of potas-
sium channels will reduce calcium flux. The remain-
ing postsynaptic receptors hyperpolarize and so 
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inhibit  projection neurones and interneurones; the 
net result is further  inhibition of the C-fiber induced 
activity. This spinal action of opioids can be targeted 
by using the intrathecal or epidural routes of admin-
istration which have an advantage over systemic 
application of avoiding the side effects mediated by 
opioid receptors in the brain and periphery. Complete
C-fiber inhibition can be produced and so complete 
analgesia can be achieved but opioids do not always 
act so effectively when the pain arises from nerve 
damage. Reasons for this are suspected to be exces-
sive transmitter release and spinal NMDA-mediated 
activity which are hard to inhibit.

There are other important sites of opioid actions 
located in the 5HT and noradrenergic nuclei of the 
brainstem and midbrain, including the raphe nuclei 
(RVM), the periaqueductal gray matter (PAG) and 
the locus coeruleus. These areas of the brain are 
important in sleep, anxiety and fear and explain how 
these functions interact with and are altered by pain. 
Opioid receptors in these zones, when activated, alter 
the level of activity in descending pathways from 
these zones to the spinal cord that in turn reduces 
activity of spinal cord neurones. The relative roles of 
the 5HT receptors in the spinal cord are unknown 
but the spinal target for noradrenaline (NA) released 
from descending pathways is α2 receptors which have 
similar actions and distribution to the opioid recep-
tors. Sedation and hypotension with α2 agonists pres-
ently limit their use as analgesics but they are useful 
veterinary drugs. 

Most of the data concerning morphine analgesia 
have been derived from studies of patients with  cancer 
pain, since its therapeutic potential for the treatment 
of neuropathic pain has been limited [73]. However, 
opioid therapy for chronic noncancer pain (CNCP) is 
now becoming more acceptable where long-term con-
sumption can be therapeutically  beneficial [74, 75]. 
Moreover, methadone, normally associated with the 
treatment of opioid addiction, may provide an appro-
priate replacement when side effects have limited 
dose escalation [76]. Tramadol, which displays both 
serotonergic and opioidergic mechanisms, has proved 
effective in the treatment of painful diabetic peri-
pheral neuropathy [77] and relieved ongoing pain 
and reduced allodynia in patients with polyneuropa-
thy [78], and offers a treatment option with lower 
abuse liability [79].

The ORL1 receptor (also known as nociceptin, 
orphanin FQ or NOP receptor) is structurally related 
to µ opioid receptors but resistant to classic opioid 
agonists such as morphine [80]. The endogenous lig-
and for ORL1 receptors, nociceptin, is thought to be 
important in spinal nociceptive transmission [81– 83] 
and displays antinociceptive effects in animal mod-
els of neuropathic and inflammatory pain [84, 85]. 
Recently, a likely mechanism has been proposed 
involving ORL1 receptor-mediated internalization 
of calcium channels leading to decreased neuronal 
excitability [86].

Conclusion

We now have a good understanding of the basic 
mechanisms of pain transmission and analgesia and 
can say that hyperexcitability can be set up both 
peripherally and centrally. The latter means that 
minor peripheral inputs may cause severe pain, if, for 
example, wind-up is established centrally. However, 
there are many areas in which our understanding is 
still inadequate. For example, individual differences in 
levels of pain, in the transition from acute to chronic 
pain, differences in susceptibility to neuropathic pain 
after nerve damage and in analgesic effectiveness may 
have a genetic basis. In order for pain to be better 
controlled, our knowledge of mechanisms needs to be 
translated into therapy.
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CHAPTER 5

Intractable pain and the perception 
of time: every patient is an anecdote

David B. Morris
University of Virginia, Charlottesville, VA, USA

What distinguishes intractable pain is less its intensity 
or even its resistance to treatment than its persistence 
over time [1]. Time matters in chronic pain, however, 
far beyond the persistence or duration implied in the 
concept of chronicity. Time seemed to stop for 13 
chronic pain patients, according to a phenomenologic 
study, and the future was unfathomable [2]. This dis-
tinctive relation to time not only separates intractable 
pain from many other chronic illnesses, such as diabe-
tes [3]. It raises important questions about the treat-
ment of chronic pain, because different perceptions 
of time by doctors and by patients may reduce quality 
in healthcare [4]. In general, patients and physicians 
differ in their perceptions of what constitutes timely 
access to care [5]. In particular, low back pain patients 
in primary care (according to a study conducted in 
the western United States) develop their own beliefs 
about their back pain, about what it means for them, 
and such beliefs remained “very stable” over the 
6-month period studied [6].

Temporal stability matters here especially because 
the beliefs correlated with predictable positive or 
negative outcomes. In short, time is far more complex 
and significant for patients and for their physicians 
than textbooks imply in designating a conventional 
number of months that supposedly divides pain 
into its chronic and nonchronic states. It is thus 
worth reflecting broadly, in what follows, on how the 

distinctive perceptions of time help redefine, even 
reconstitute, the person in chronic pain. 

Many people undergo a jolting, destructive injury, 
in an automobile accident, say, but 6 months later 
they are back at work, rehab complete, free from pain 
and apparently healed. In such fortunate outcomes, 
the time between injury and healing marks the full 
trajectory of trauma – beginning, middle, end – like a 
classic drama. Intractable pain, however, follows a dif-
ferent temporal arc: unfinished, protracted, repetitive. 
It is a liminal state, blurring the traditional borders 
that demarcate health and illness, a void that swal-
lows up healing. Illness of course always takes place 
over time and may even follow a predictable timeta-
ble or natural history, but temporality has a marginal 
impact on many medical conditions. Temporality, 
however, remains both central to intractable pain – 
inseparable from it – and difficult to transform into 
evidence-based data, since objective clock time differs 
from subjective duration (time as a personal, psycho-
logic perception). A concert pianist facing permanent 
hand injury may experience time not by the calen-
dar but by subjective fears of a pain that destroys any 
conceivable future. Intractable pain has an atypical 
time signature built into its structure. Its most alien 
feature, separating it from the familiar and somewhat 
reassuring model of acute pain, is the threat of end-
lessness: pain that never stops. 

We know very little, as it happens, about how 
patients with intractable pain perceive time. 
Perceptions of time clearly differ across cultures, just 
as the cultural invention of railroads altered space/time 
relations and changed human ideas of punctuality [7]. 
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Rural or indigenous cultures tend to experience time in 
leisurely cycles and seasons, unlike the high-speed, do-
it-now urban pace of the proverbial New York minute. 
Age and illness also alter the perception of time. 
A healthy child experiences time differently from how 
it is experienced by a geriatric cancer patient. In the 
absence of meta-analyses or randomized double-blind 
studies, I’d like to tell a story.

The other day, at age 64, I noticed that my garden-
variety chronic low back pain, a constant unwelcome 
companion for the past 20 years, had disappeared. 
Not completely – I don’t want to call down Nemesis. 
Still, as I pulled on my socks one morning I was sur-
prised to notice that my back wasn’t, as usual, pressed 
for support against the closet door. It was like the old 
days: one foot on the floor, one foot airborne, wob-
bly but pain free. This is a dull story, I admit, except 
if it were your back. A doctor’s son, I had long resisted 
medical help after depending on medicine to rule out 
catastrophic low-back trauma. Waiting rooms frus-
trate me more than pain does, and I enjoyed inventing 
work-arounds in which I accomplished ordinary tasks 
(say, making the bed) without bending at the waist. 
My pain, I decided, could be reconfigured as a badge 
of honor – like a combat wound – or, honorable in its 
own twisted way, writer’s cramp. I didn’t like the pain, 
I didn’t like the two daily 600 mg ibuprofen caplets 
that my saintly primary care physician prescribed, but 
so it goes. Then, after 20 years, the pain disappeared. 
I keep wondering if it will return tomorrow in a fire-
storm of hot, aching soreness, or maybe the next day. 
Right now, at the computer keyboard, I feel a small 
steady belt of tiredness behind me, but nothing seri-
ous, nothing to bother about. I can’t quite believe my 
good luck. That’s my story.

The perception of time, like chronic pain, is 
undoubtedly a function of complex brain networks. 
The cortical links responsible for the perception of 
time are evident mainly through their disruption in 
various neurodegenerative dementias. Brain-damaged 
patients, for example, often experience temporal-
spatial disorientation, losing track of hours, days, 
months or years. French philosopher Paul Ricoeur, 
in his magisterial three-volume Time and Narrative 
(1983–1985), argues that time achieves meaning-
ful human status only “to the extent that it is articu-
lated through a narrative mode ...” [8]. From Hesiod’s 
Works and Days to Proust’s Remembrance of Time 

Past, from ancient myth to modern cinema, narrative 
is a machine for the co-production of temporality. In 
fact, researchers across several fields are beginning to 
make the case, drawing upon recent neurologic data, 
that humans possess a “narrative brain” [9]. That is, 
our brains predispose us to create narrative structures 
with their implicit temporal ordering. Confabulation, 
another product of brain damage, suggests that a neu-
robiologic narrative drive persists even in the absence 
of conscious control [10]. Wherever such research 
leads, the human perception of time owes less to 
calendars and clocks (which our ancestors invented 
rather late in the game) than to brains and stories. 
The perception of time is what allows us to make 
sense of (not just inhabit) a planet that rotates on its 
axis every 24 hours and that once each year revolves 
around the sun. Narrative thus holds special impor-
tance for studies that seek to understand how chronic 
pain patients experience the crucial human dimen-
sion of time.

Patient stories may be dull or fascinating – an 
esthetic matter – but as a clinical matter they consti-
tute evidence, often neglected evidence. Anecdote of 
course occupies the bottom rung in the hierarchy of 
evidence-based medicine. It is often dismissed out 
of hand as unscientific, especially when patients claim 
to receive benefits from therapies that physicians 
distrust, as with conventional and alternative medi-
cine. “Such testimonials are worthless as evidential 
support,” as one EBM textbook puts it [11]. Anecdote 
is evidence nonetheless, not always or automatically 
worthless, and at times it may be the best evidence 
available. Certainly, despite the recent boom in clinical 
practice guidelines, the percentage of healthcare based 
on high-quality or gold-standard evidence is “always 
very low” [12]. In a classic study, physician Eric Cassell 
asks how a clinician can know when the patient is suf-
fering. His iconoclastic answer: “Ask the patient” [13]. 
Suffering often accompanies intractable pain – both 
conditions linked to an altered sense of time – and 
asking the patient may well produce evidence about 
temporality. Some evidence will surely take the form 
of anecdote, possibly a humdrum, pointless account 
of no clinical value, but how do you know it’s valueless 
unless you ask and listen? 

The value of anecdotal evidence lies in its par-
ticularity. An irreducible particularity is what in fact 
excludes anecdotes from the best evidence of typical 
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clinical guidelines. When it comes to understanding 
an individual patient, however, the patient’s particu-
lar first-person speech and story, in all its possibly 
tedious subjectivity, constitutes relevant evidence. 
Not the only evidence, certainly. Some patients con-
fabulate; some are confused; some cling to patently 
erroneous beliefs. Anecdotal evidence must be judged 
alongside other evidence, including better evidence 
such as lab tests and objective observation. If contra-
dictions emerge, the anecdotal evidence has helped 
to uncover a patient-centered problem that might 
need to be addressed. An “n of 1” obviously makes 
no sense as the population for a valid scientific study. 
On the other hand, each patient is an “n of 1” – dis-
tinctive if not unique – endowed with personal 
experience and possibly with genetic traits that may 
confound expectations based on vast statistical stud-
ies. Statistical studies, in any case, have great difficulty 
taking account of qualitative data, and (as pain spe-
cialist Daniel B. Carr argues) qualitative data expose 
the inherent limits of biomedical assumptions about 
objectivity that theory-based sciences have aban-
doned or modified [14]. There is yet another argu-
ment, however, for taking the clinical care required to 
gather relevant anecdotal evidence. Stories, from this 
point of view, are not just bits of evidence, raw data 
somehow detachable from the person, like a broken 
tooth or fMRI. Physician, therapist, author, and med-
ical educator Rachel Naomi Remen puts the strongest 
medical argument for anecdotal evidence this way: 
“Everybody is a story” [15].

Thus, people do not possess stories the way they 
possess, say, a virus or a suitcase. As Remen carefully 
phrases it, people do not “have” stories, they are sto-
ries. As one loosely affiliated group of psychologists 
puts it, human experience and human identity are 
inherently “storied.” If you subtract my stories from 
my personal identity, so this argument runs, you get 
zero. Zero includes a living organism, but nothing 
that most patients would recognize as fully human. 
Remen’s assertion, presumably based upon obser-
vation inside and outside the clinic, draws support 
from various investigators looking into the construc-
tion of human consciousness. Together such lines of 
thought suggest that it makes good sense to weigh the 
evidence provided by patient narratives, especially in 
cases of intractable pain. Where causes are often elu-
sive and treatment vexed, anecdote constitutes not just 

 evidence but indispensable, irreplaceable evidence. 
In this sense, anecdotes, however flawed or imperfect 
their status, are never irrelevant. Indeed, they offer a 
vital point of connection between evidence-based 
medicine and a value-based medicine that inte-
grates objective data with subjective, patient-perceived 
 quality-of-life improvement [16]. 

An attention to patient narrative, to substitute a 
less pejorative term for anecdote, allows clinicians 
to understand better what is distinctive in the expe-
rience of each particular patient [17]. Because evi-
dence-based treatment depends for its benefit upon 
statistical generalizations about large populations, 
its clinical effectiveness can only be improved, in the 
sense of sharpened in its focus on the individual, by 
incorporating narrative data from a singular patient 
who speaks with a singular clinician (also equally 
storied) in a professional exchange that, despite its 
resemblance to everyday speech, has not occurred 
before in the history of the planet [18]. This is the 
claim I’d like to address.

Illness tends to divide time into a before-and-after 
structure. “I want the old me,” writes breast cancer 
patient and poet-novelist Audre Lorde following her 
mastectomy [19]. Time has not changed for the rest 
of the world; it still goes by in minutes, hours, days. 
For Lorde, however, time has split in half, and the 
new bipartite structure extends to her sense of self: a 
former stable identity is replaced by an unstable (frac-
tured or divided) identity, no longer whole or self-
consistent across time. “When pain is no longer useful 
as a symptom,” as one recent study reports, “identity 
is challenged, weakened and at risk ...” [20]. Chronic 
pain, like a serious illness, splits time and splits being. 
Audre Lorde’s account of the changes that followed 
her mastectomy is unusual only in its articulate explic-
itness: “This event called upon me to re-examine the 
quality and texture of my entire life, its priorities and 
commitments, as well as the possible alterations that 
might be required in the light of that re-examination” 
[21]. Certainly, not every breast cancer patient will 
choose Lorde’s subsequent 1970s identity as warrior-
activist, just as few might share her self-definition as a 
black, lesbian, feminist poet. A narrative-based focus, 
however, is exactly what is needed to produce evidence 
relevant to her particular treatment: evidence missed 
in a checklist of psychosocial categories based on job, 
family, alcohol, and tobacco.
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Temporality may divide again if healing or recov-
ery occurs, as it did for Lorde. The initial bipartite 
“before-and-after” structure of serious illness yields to 
a retrospective tripartite structure: before (“the stable 
old self”), during (“self in crisis”), and after (“a stable 
new self”). American novelist Reynolds Price struggled 
with intractable pain associated with spinal cancer 
and radiation therapy, and the memoir of his illness, A 
Whole New Life: An Illness and a Healing (1994), offers 
a vivid instance of tripartite temporality. “The kindest 
thing anyone could have done for me, once I’d fin-
ished five weeks’ radiation,” he writes from the retro-
spective position of someone able to live successfully 
with intractable pain, “would have been to look me 
square in the eye and say this clearly, ‘Reynolds Price is 
dead. Who will you be now? Who can you be and how 
can you get there, doubletime?” [22]. Price wishes in 
effect that someone had advised him to move instantly 
across time, to cut out the middle stage of a tripartite 
structure, so he could move directly from before (the 
old Price) to after (the new Price). He could not be 
clearer about the need to construct a new identity. The 
construction of identity, however, occurs only over 
time, through the medium of temporality, and Price’s 
memoir tells the story of his slow, idiosyncratic heal-
ing process, materially aided by pain specialists who 
recognized how his distinctive strengths as a novelist 
might aid in recovery. 

Patients who experience intractable pain enter a 
life-world (as phenomenologists call it) where tem-
porality is important to assess. It is a life-world where 
clear diagrammatic bipartite before/after structures 
or tripartite before/during/after structures may prove 
inadequate to the patient’s lived experience of time, 
while nonetheless offering clinicians a rough instru-
ment for assessing the impact of divided time and 
divided identities. Such diagrammatic structures 
are useful to recognize not only because they under-
write very different stories of illness but also because 
patients who tell these stories also live the stories, for 
better or for worse.

The experience of temporality that Lorde and Price 
write about, even if completely eccentric and wholly 
subjective, matters from a clinical perspective as evi-
dence relevant to providing patients with the best possi-
ble treatment. All narrative, as philosopher and novelist 
Richard Kearney describes it, shares the common func-
tion of “someone telling something to someone about 

something ...” [23]. Even lyric poetry fulfills the function 
of telling someone about something, and poet Emily 
Dickinson tells readers something clinically useful about 
temporality and pain:

Pain - has an Element of Blank -
It cannot recollect
When it begun - or if there were
A time when it was not -

It has no Future-but itself -
Its Infinite contain
Its Past - enlightened to perceive
New Periods - of pain. [24]

Enlightenment, if we construe the poem as spo-
ken by someone in pain, here leads only to the grim 
truth that pain obliterates ordinary time. Any reas-
suring before/after structure collapses because, to the 
person in pain, nothing ever changes: it is all a drab, 
blank, infinite sameness. The poem offers a means of 
understanding that the unit of time most consequen-
tial to chronic pain patients, as one study concludes, is 
“the moment.” It is a paradoxical moment – “a lengthy, 
heavy one that does not correspond to customary 
notions of clock time” – precisely because it appears 
endless: “The moment contains not only the pain 
now but also the perceived possibility of an eternity 
of suffering ...” [2]. No future but itself. No future 
except as enlightened to see its unity with the past. 
Hope, always oriented to future time, yields to an 
undifferentiated, present-tense hopelessness.

It is possible to construe Dickinson’s poem dif-
ferently, less as a lyrical cry than as an impersonal 
description, in which case intractable pain appears as 
an almost eternal force, outside history, unchanged 
from the dawn of time. Enlightenment here, ironi-
cally, means something exactly opposite to a con-
ventional semantics designating the 18th-century 
ideology of empirical science with its optimistic 
expectations of technologic progress. Hers is an anti-
Enlightenment geologic time with no Precambrian or 
Mesozoic, merely one undifferentiated Period of Pain. 
The slight differences in these two interpretations, 
lyric or impersonal, never approach contradiction, 
but the divergences emphasize that narrative is never 
transparent. That is, meanings are often undecid-
able and contested. Stories, including patient narra-
tives, regularly arouse disagreements about meaning, 
as happens also in medicine, where second opinions 
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nonetheless do not fatally undermine confidence 
in the possibility of beneficial treatment or of gen-
eral consensus. The main point is that Dickinson’s 
poem, despite possible disagreements, depicts pain 
as inseparable from a skewed temporality that plays 
havoc with typical optimistic expectations of future 
improvement. 

Intractable pain skews temporality, then, in ways 
that demand clinical attention. A recent European 
study concludes that pain intensity has less impact 
on quality of life, for chronic pain patients, than 
do beliefs about pain [25]. The most harmful pain 
belief is what specialists call catastrophizing. A 
catastrophe is, etymologically, a down-turn (Greek 
kata � down � strophein � to turn). Its earliest use 
in English comes from formalist literary theory, where 
the catastrophe in a drama designates the change 
(often unhappy) that produces a final conclusion. 
Chronic pain patients who catastrophize do not con-
sciously invoke the formal structures of drama, but 
clinicians might reflect on a life-world that appears to 
take a final, conclusive downturn. 

Catastrophizing is more than unjustified fear of 
disaster. For patients, it involves a largely unthought 
experience of temporality in which the varied nar-
rative arc of an individual life turns toward flat-
line. Here intractable pain makes contact with yet 
another structure of time. The blank, atemporal 
dimension that Emily Dickinson described now 
permits the glimmer of a future, but it is always the 
same disastrous future, the opposite of recovery. 
Fear is a present-tense experience, of course, and we 
fear what hasn’t yet happened: a future if imminent 
event. This uncanny future-present time is the site of 
catastrophe. Attention to catastrophizing pain beliefs 
can do more than predict a narrative arc of negative 
outcomes or difficulties ahead. It might allow inter-
ventions targeted to change patient beliefs about rela-
tions between pain and temporality, reducing pain 
by reducing anxiety, and thus measurably improving 
quality of life.

The temporality of intractable pain, as my dull 
opening story indicates, is not always a site of catas-
trophe, and a narrative that strikes pain specialists 
as dull may not bore pain patients, especially not 
the specific teller. Significantly, the story of my dis-
appearing low back pain depicts temporality nei-
ther as changeless misery nor as impending  disaster. 

It might even count as a modest success story [26]. 
Success is defined variously, of course, and what 
counts as success for a particular patient may emerge 
only through the give-and-take of narrative conver-
sations. My particular success story entails my resist-
ance to accepting the category of patient, a refusal 
that some other people in pain share. Medicine 
knows very little about such people, people who resist 
a self-definition or medical definition as patients, 
who manage to live successfully (on their own terms) 
with chronic pain. These are not people who cope or 
manage, which are medical terms applied to patients, 
but people who live with pain as nonpatients, who 
exist outside the structure of medicalization (which 
is also a temporal structure, as the term “waiting” 
room deftly indicates). Arguably, one measure of suc-
cess for medicine would be fewer people with low 
back pain who present as patients, especially patients 
who accept or seek medical certification as dis abled. 
I recognize that my respite from back pain may be – 
again to invoke time – temporary, a false summer, 
the prelude to its heartbreaking, unremitting return. 
Equally  possible, I have simply reached the tipping 
point at which I stumble into the side benefits of sen-
ior citizenship. Chronic pain is well known as being 
less prevalent among the elderly. Of course, my story 
predicts that I will reject a medical explanation of my 
passage into a possibly less toxic elder pain, which 
doesn’t mean that the explanation is incorrect. It is 
simply a story I don’t want to hear. The relevant pain 
narratives that we can’t tell or refuse to hear may be 
as crucial as the stories we can’t help repeating. 

What matters most about success stories is that 
some patients find them a helpful source of hope. 
While evidence-based medicine offers facts about 
populations, it does not provide a basis for infal-
lible predictions about individuals, who may defy 
the odds. Should population-based statistical evi-
dence possess the unintended authority to banish 
hope? Success stories, in my view, have a valid place 
as a limited form of evidence, within a careful, ethi-
cal explanation of all the relevant facts, especially as 
they offer hope based on the perception that someone 
else in a similar dilemma managed to find a way out. 
Success stories certainly alter the patient’s perception 
of time. They point toward a time to come that differs 
from both present and past. They crack open a static 
temporality – transform “the moment” in its frozen, 
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monolithic hopelessness – so that the glimmer of an 
unfolding, differentiated future reappears. It may be 
in some cases that individual success stories, such as 
Reynolds Price recounts in his personal illness narra-
tive, offer patients incentive to create or discover (as 
he tells readers that he did) not only a new life but 
also almost a new identity. 

The significance of time in intractable pain goes 
far beyond the possible therapeutic value of success 
stories. An attention to temporality emphasizes that 
what matters in intractable pain is not time but the 
patient’s perception of time. Perception is open to 
change, even if pain is not, even if nerve endings and 
neurotransmitters may be permanently unrespon-
sive to treatment. John Loeser, neurosurgeon and 
distinguished pain specialist, writes that the brain is 
the organ responsible for all pain [27]. The brain is 
also the organ responsible for our perception of time. 
Effective therapies might well re-educate the brain in 
its experience of temporality, but first it is necessary 
to understand that temporality is a possible locus of 
re-education. Especially in a condition such as intrac-
table pain, where the best evidence may not be very 
good, good evidence about the role of temporality in 
chronic pain should not be hard to come by, includ-
ing good evidence about the role of brains and cul-
tures in creating our perceptions of time. Meanwhile, 
I offer my “n-of-one” anecdote about how one morn-
ing I woke up and noticed, with an amazement as if 
time had flipped open like a venetian blind, that the 
pain was gone. I can now report, alas, that after a few 
months of respite the pain has returned. Lingered. 
Settled right into its old slot in the low back. A down-
turn, sure, but not a catastrophe. Or so my story 
goes. It is, like all stories, a narrative that deliberately 
or nonconsciously enfolds a sense of time. To be 
continued.
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CHAPTER  6

Psychology of chronic pain and evidence-based 
psychological interventions

Christopher Eccleston
Centre for Pain Research, University of Bath, Bath, UK

Understanding the psychology of pain and the 
 psychology of analgesic behavior can improve your 
practice as a pain clinician, enrich your experience 
of dealing day to day with suffering, and provide you 
with new ways of thinking about working in pain. 
I start with the fundamental aspects, exploring the 
psychological factors that influence and structure 
the experience of pain, introduce specific psycho-
logical models that help one understand patient 
behavior, and finally focus on the evidence base for 
 psychological interventions for pain.

A primer in psychology

Psychology as an academic subject was born from 
physiology and philosophy. It has been influenced in 
its short history by political developments in social 
science, methodological advancements in  biological 
science, and fashionable attempts to make itself an 
applied science, offering opinions and expertise in 
subjects that range from marketing and business 
to individual change through psychotherapy. It is 
instructive to bear in mind when reading anything 
about psychology that as a science it (a) occupies 
 territory not occupied by any other science; that is, 
the explanation, prediction and control of behavior, 
(b) its theories draw on a wide range of other sci-
ences, so such explanations can sometimes be based 
in the behavior of molecules, and other times based 

in the behavior of populations, and (c) that it slips 
between deductive and inductive methods, often 
without comment. What this means is that to the 
nonpsychologist it can sometimes appear to be free-
floating; at its worse it operates only to state the obvi-
ous, at its best it displays astonishing perspicacity, 
providing explanations that enable people to act.

Applied to pain, what this means is that it is unhelp-
ful to think of a unitary psychology of pain. There are 
at least three psychologies that are useful to consider 
in this chapter. The first we call “cognitive” because it 
relates to private mental events, experiences of thought 
or perception. The second we call “social” because 
it relates to influences on behavior that arise from 
our evolutionary imperative to behave collectively. 
The third we call clinical, because it relates to specific 
attempts to intervene with individuals or groups for 
a desired health-related outcome. I will briefly intro-
duce what we know about the cognitive, social, and 
clinical psychologies of pain. Next, the evidence for 
psychological interventions in acute and chronic non-
malignant pain is reviewed. Finally, we focus on what 
we don’t know that we really need to know, in order to 
move forwards. 

First, it is important to revisit briefly the definition 
of pain, from a psychological perspective.

A definitional interlude

Pain was defined by committee as “an unpleasant sen-
sory and emotional experience, associated with actual 
or potential tissue damage, or described in terms
of such damage” [1]. I repeat this here, even though 

Evidence-Based Chronic Pain Management. Edited by 
C. Stannard, E. Kalso and J. Ballantyne. © 2010 Blackwell 
Publishing.
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you will be familiar with it, because it is important to 
reflect on it from a psychological point of view.

First, it recognizes that pain is fundamentally an 
unpleasant or aversive experience. Pain is different 
from other sensations in which the emotional con-
tent can be considered an association to the primary 
sensory experience, occurring sequentially after the 
sensation. Instead pain is immediately emotional. Pain 
that is not aversive is not pain.

Second, it recognizes that pain is only loosely 
related to tissue damage. There is now ample evi-
dence that the relationship between pain and damage 
is weak. Of course, they often occur together but the 
objective extent of physical damage is a poor predic-
tor of pain report, and pain is a poor predictor of the 
extent of tissue damage. The intrapersonal, interper-
sonal, and contextual variability of pain reporting is 
where psychological explanations operate.

Third, it recognizes that pain is a communicative 
event that relies often on its description. This aspect 
of the definition has two elements. When in pain, 
people typically communicate it, verbally or non-
verbally, intentionally and unintentionally. In addi-
tion, for those who are capable, people seek to make 
sense of the experience by symbolically representing 
it in language. Commonly, this language will revolve 
around descriptions of bodily damage and violence. 

Missing from this definition is any attention to 
the function of pain, what it operates to achieve. 
Recently, I have argued that pain is fundamentally an 
affective-motoric event to be understood in a con-
text of an evolved social warning system. In other 
words, pain functions to warn oneself, and others in 
one’s group, of real or potential danger. This is not 
the space to expand this argument, which can be 
found elsewhere [2], but it is important to recognize 
that pain is fundamentally threatening: it alarms, 
it promotes avoidance and escape. Further, one 
learns, and is motivated to learn more about, what 
the cause of pain is and how to avoid it in the future. 
This functional account of pain is at the heart of 
an understanding of the cognitive, social and clini-
cal psychologies of pain. From this perspective, pain 
is fundamentally an alarm system that imposes new 
behavioral priorities. Cognitively, it is an attentional 
interrupt that brings a forced disengagement with 
other thought processes, and imposes new thoughts 
and behaviors. Socially, its communication is shaped 

by social forces, and has consequences for other 
 people in one’s social group. Clinically, when we 
attempt to help people “cope” with pain nonpharma-
cologically, we need to understand that we are often 
asking them to behave counterintuitively, and coun-
terculturally, in ignoring a strong alarm.

Cognitive psychology and pain: 
private mental experience 
and pain

Pain is commonly explained as the result of a series of 
specific sensory processes in the nervous system. The 
results of these sensory processes are presented to con-
scious awareness. Cognitive psychology is concerned 
with the interaction between environment, the emer-
gence of pain into awareness, and the  consequences 
of being aware of pain. Pain acts to interrupt current 
concerns with a danger signal. We have a good under-
standing of the interruptive characteristics of the pain 
stimulus. The more intense, novel, unpredictable, and 
associated with danger a pain is, the more interruptive 
it is. Similarly, pain stimuli that are more associated 
with threat, due to either learning or the immediate 
context, will be more interruptive. 

Two critical aspects of the context in which pain 
emerges will govern the threat value of pain. One is 
the environmental. If there are no other competing 
demands for attention then pain will emerge more eas-
ily (e.g. at night). Similarly, if one is predisposed to being 
anxious about pain then threatening pain will be iden-
tified more easily. This predisposition, or sensitivity, to 
identify pain-relevant cues has been investigated in a 
number of ways, and we know that those who are highly 
somatically aware are more likely to be interrupted, as 
are those given to catastrophic thinking about pain and 
those who have a heightened vigilance to pain-relevant 
information [3–5].

Social psychology and pain: 
collective experience

Pain has typically been described as the archetypal 
existential experience. It is immediately personal, 
private, fundamental, and closed to external scrutiny 
or validation. However, in its ubiquity it is also an 
archetypal common, collective, and fundamentally 
social experience. Although there are arguments that 
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pain is “language-stealing” or even a prelinguistic 
experience [5], in coming to make sense of pain, it is 
in social linguistic exchange that people seek mean-
ing for their pain. There is much study on the beliefs 
that are held about the meaning of pain, in particular 
as to the cause, consequence, treatment, and broader 
abstract meaning. In acute pain, much of which 
is common everyday pain, such as headache, or is 
accident related, the meaning is often either clear or 
diagnostically useful. However, in chronic nonmalig-
nant conditions the meaning of pain is typically nei-
ther of these things, and often becomes contested. 

Psychologists are interested in the beliefs that people 
hold about their pain, and their negotiation, because 
these beliefs are implicated in patient  behavior. For 
example, those who believe that back pain is caused 
by a medical condition will resist treatment attempts 
aimed at movement despite pain and a therapeutic 
focus on stress-related factors. Similarly, those who 
cannot accept that a valuable life can be led with-
out analgesia will not benefit from attempts to teach 
self-management, without addressing those beliefs. 
Matching belief to adaptive behavior is a socially 
mediated process. For a recent example, worry-
ing thoughts and beliefs about the meaning of pain 
can lead people to seek medical support, which 
when appropriate is adaptive. However, when a 
medical cure is pursued in opposition to unhelpful, 
unchanged beliefs about the cause of pain, this pur-
suit can fuel anxiety, depression and disability [6].

Clinical psychology: applications
of psychological knowledge

Psychology is most commonly, although not exclusively, 
applied in the clinical task of helping people adapt to a 
chronic persistent pain and its widespread negative 
consequences. Its primary activities are (a) assessment 
and formulation, (b) treatment planning and interven-
tion, and (c) evaluation of outcome. There is a plethora 
of measurement tools available for use with patients in 
pain, and excellent guidance exists on the optimal meth-
ods of selection [7]. Perhaps less advice is available on 
the common activity of case formulation although guid-
ance can be found [8]. There is, however, no shortage 
of data available on treatment interventions, from the 
first cognitively orientated manuals and tasks [9] to the 
recent focus on acceptance and commitment therapy 

[10]. Clinical psychology, despite a relatively short his-
tory, has a variety of schools within it that can confuse 
the casual observer or visitor. However, common across 
its schools of thought is a concern with understanding 
how people’s behavior in context confines or shapes 
their future behavior, recognizing that a critical aspect 
of that context is other people’s behavior. The most 
common form of applied clinical psychology is known 
as “cognitive behavioral therapy” or CBT. CBT has a 
dual focus, as its name suggests: first, on the patterns 
and habits of behavior, their antecedents, contingencies, 
and consequences; and second, on the private mental 
experience, in particular on the thoughts and feelings 
that are associated with a life lived in pain. 

Cognitive behavioral therapy for chronic 
pain management
Cognitive behavioral therapy or CBT has emerged as 
the treatment of choice for chronic pain [11]. CBT 
comes in a variety of forms and it is probably wise to 
consider it a family of different techniques and inter-
ventions [12]. The phrase has proven so popular as 
to now invoke reference to a broad set of principles 
concerned with the general practice of taking into 
account beliefs about cause and consequence of dis-
ease and treatment, and a focus on habit and lifestyle 
as possible factors in the maintenance of suffering. 
CBT, however, is more than this general set of prin-
ciples. Here, in describing CBT, I refer specifically to 
a psychotherapeutic intervention; that is, the use of 
specific psychological techniques in the service of sus-
tained behavior change.

Specific techniques include skills of self-regulation 
such as relaxation and mindfulness meditation, biofeed-
back, attentional control, and hypnosis, graded expo-
sure to fear-related stimuli, cognitive therapy focused on 
examining the veracity of belief, control of catastrophic 
thinking, problem solving and habit reversal. The targets 
of CBT can be specific, for example in reducing the fre-
quency of headache, reducing the number of times one 
sleeps in the daytime, or increasing the length of time 
one engages in meaningful social exchange. The tar-
gets can also be general, for example, in increasing the 
subjective sense of global well-being, or reducing 
the subjective sense of struggling with one’s values.

Cognitve behavioral therapy is more commonly 
offered as a program of therapeutic techniques deliv-
ered in a specific order, with a specific dose, and held 
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together with a defined model of therapeutic change. 
The smallest dose I know of was reported by Turner 
and colleagues who ran a 16-hour intervention, of 
2 hours a week for 8 weeks with homework [13]. The 
largest dose was reported by Williams and colleagues 
who for many years ran the INPUT pain manage-
ment unit in London, a 4-week residential program 
[14]. Targets of outcome will be multiple. Typical 
 targets include: self-report of pain-related depression, 
anxiety, and coping, and objective report of improve-
ment in engagement with social activity such as work. 
Often there is some attempt to capture achievement 
in goals that are personal or that are valued by the 
individual. 

Perhaps the most common form of CBT is referred 
to as coping skills training. The content typically 
involves education aimed at providing rationale for 
self-management and an understanding of the bio-
logical bases of pain, skills of pain control such as 
attentional based methods, and skills practice, in 
particular activity pacing, and relaxation in stress-
ful environments. Some programs of therapy are 
focused on specific problems. For example, com-
mon additions are a focus on social problem solving 
by teaching communication skills, a focus on sleep 
and fatigue, or more recently a focus on addiction 
control, and a withdrawal from use of prescribed 
medicines.

Recent developments have also focused on specific 
aspects of treatment or treatment outcome. For exam-
ple, Keefe and colleagues at Duke University in the 
USA have for over 10 years been studying the poten-
tial role of partners and spouses. Spouse-assisted CBT 
makes use of the presence and involvement of the 
spouse as carer and trainer. Spouses are significant 
influences on one’s behavior, and if one can use this 
influence positively it may improve patient outcomes. 
Working with patients with osteo-arthritis of the 
knees who report pain, distress, and disability, 
these authors conducted a trial of spouse-assisted 
CBT compared with normal CBT compared with 
an education-only control intervention. Six months 
following therapy, they reported that both the CBT 
interventions were superior over education alone, and 
that those patients in the spouse-assisted CBT showed 
more coping attempts and greater marital satisfaction 
[15]. Delivering this therapy with an exercise inter-
vention is superior over one without [16]. 

Another significant development in CBT has been 
the introduction of assistive electronic technology 
to deliver healthcare education and behavior change 
messages remotely. Typically these have been intro-
duced where significant geographic or resource bar-
riers exist in accessing healthcare. This is a growing 
field of research and a recent review has highlighted 
that for common management problems associated 
with older age, remotely assisted care could signifi-
cantly reduce their impact [17]. Medicine in general 
has been slow to grasp the possibilities of information 
and computing technologies. Psychological interven-
tions are no different as they have remained largely 
untouched by technological influences. Face-to-face 
therapy, with an individual or a group, remains the 
dominant mode of delivery. There has been greater 
advance in the fields of CBT for anxiety and depres-
sion, but in pain we are only beginning. Technology 
can simply assist by replacing or allowing an aspect of 
therapy, as with the telephone. Or technology can be 
a key part of a therapy designed to make use of novel 
features of the therapy, a good example being the case 
of virtual reality interventions [18]. 

Despite its popularity, or perhaps because of it, 
CBT has attracted criticism. First, there has been 
from its inception a resistance to its reduction-
ist tendencies, a seemingly uncritical attachment 
to computing metaphors reified into psychological 
processes, and mechanistically applied. Some theo-
rists would argue that much of what emerges into 
awareness and determines mental life is the end 
product of largely unconscious influences that are 
personal. Understanding, analyzing and assessing 
the whole of one’s psychological history in a per-
sonal relationship with a therapist is argued to be 
more relevant and potentially useful than attempt-
ing to control or banish the products. There is a 
range of psychological therapies that offer such a 
personalized approach. To date, there is insufficient 
evidence for the effectiveness or lack of effectiveness 
of psychoanalytic or psychodynamic therapies for 
chronic pain management. 

Second, CBT has been criticized for a lack of theo-
retical fidelity or in some cases any relationship to 
theory at all. CBT is not alone in this as an applied 
clinical science, but it can sometimes seem to operate 
without a coherent model of action, without a strong 
understanding of the reasons why certain choices 
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within therapy can and should be made. Some of its 
main components remain unevidenced. 

Third, CBT can fail because it most often operates, 
like many psychotherapeutic interventions, with-
out attention to any mechanism of quality control. 
Each therapist manufactures the intervention in the 
moment (normally real time). Essential, but rarely 
seen, is attention to whether the content of therapy 
was correct, delivered appropriately, or had a desired 
effect. 

Finally, within the psychological community there 
is reference to a “third wave” of psychological therapy 
based on acceptance and commitment therapy, which 
itself emerges from a different trajectory of behavior 
therapy. In chronic pain management, a focus on the 
context in which people struggle to escape inescap-
able pain has led to novel developments in therapeutic 
methods [10]. The early evidence is promising, and 
the therapeutic model is attractive to clinicians and 
patients alike. However, to date there is insufficient 
evidence for the effectiveness or lack of effectiveness of 
acceptance-based CBT for chronic pain management. 

The evidence base

I reviewed the evidence base by searching for all pub-
lished randomized controlled trials of interventions 
described as psychological in nature, principally those 
described as examining behavior therapy or cognitive 
behavior therapy for adults with chronic pain [11]. 
For this particular review trials of headache treat-
ments were excluded. Thirty-three papers were recov-
ered that described 30 trials; 25 had data that could 
be entered into a meta-analysis.

Because pain has multiple and widespread effects 
on patients, I expected to find multiple treatment tar-
gets and measurement tools across the 25 trials ana-
lyzed. In total, over 200 separate measurement tools 
were employed in these trials. For clarity, all these 
measurement tools were classified into a domain of 
measurement. These were: pain experience, mood/
affect, cognitive coping and appraisal, pain behav-
ior, biological/physical fitness, social role function-
ing, and use of healthcare systems. Not all trials had 
measurement tools in each domain, and some trials 
used numerous measures within a domain. The most 
psychometrically sound measure used in each domain 
was selected for analysis. 

Working across domains allows aggregation and 
summary of data. The findings were quite clear. 
Compared with doing nothing, in this case a tradi-
tional waiting list control arm in which patients were 
randomly assigned to waiting for treatment, patients 
who were randomly assigned to a psychological 
therapy had positive outcomes across the domains. 
The overall median effect size of treatment improve-
ments across trials was 0.5. For behavior therapy, the 
effect sizes ranged from 1.41 for the effects of behav-
ior therapy (BT) on cognitive coping and appraisal to 
�0.03 for behavior therapy on mood. For CBT, the 
effect sizes ranged from 0.61 for the effect on social 
role functioning to 0.33 for pain experience.

Although doing nothing has some ecological valid-
ity in that many chronic pain patients receive no 
care, it is not the most robust comparison. In part, 
this is because patients entering these trials will have 
been aware that they were randomly assigned away 
from a treatment that may have helped. They would 
be blind to the assignment but not to the outcome 
of the assignment. The ideal comparator would be 
a placebo treatment. Placebic psychological treat-
ments are uncommon but not impossible. In essence, 
one would have to hold delivery characteristics of 
the treatment stable (e.g. therapist contact time) and 
maintain a belief that therapy was being delivered (i.e. 
deceive patients that they were being treated with an 
active intervention). Essentially, this involves engag-
ing patients in neutral, nondirective, untherapeutic 
conversation. This is not commonly used because it 
is difficult to maintain the deception over a long con-
tact period, difficult to keep patients from withdraw-
ing from such an inert treatment, and some have 
questioned the possible adverse effects of prolonged 
engagement with inert sham therapy.

A common comparator, and one that was ana-
lyzed in this 1999 meta-analysis, is comparison with 
another active treatment or treatment as usual. When 
comparing with treatment as usual, the effects of BT 
and CBT are not as strong. Fewer trials contribute to 
these summary data. The overall median effect size of 
treatment improvements across trials was 0.17. For 
BT, the effect sizes ranged from 0.62 for the effects of 
BT on mood to �0.4 for the effects of BT on cogni-
tive coping and appraisal. For CBT, the effect sizes 
ranged from 0.55 for the effects on cognitive coping 
and appraisal and 0.14 for the effects on mood.
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Overall, there are positive effects of  psychological 
therapies on enabling people with chronic pain to 
cope, improve mood, return to social function and 
reduce pain. However, for the development of psy-
chological therapies for chronic pain, the picture is 
somewhat unclear. The effects of BT alone appear 
highly variable and contradictory. This is most likely 
caused by the number of small and underpowered 
trials entering the analyses. CBT has more consist-
ent trial support. However, the lack of effect of CBT 
on mood/affect in trials that used an active compa-
rator should be cause for concern. One of the pri-
mary goals of most CBT is to alter mood. Taken 
together with the robust finding that patients report 
changes in their cognitive appraisal of their disability 
and their perception of their ability to cope, I suspect 
that the content of the therapies may have drifted 
toward a more mechanistic and prescriptive coping 
skills training model, and away from more fundamental 
concern with disordered affect – the traditional domain 
of psychotherapy. It may, however, be a function of a 
dilution of therapy content and/or skill in its delivery. 
Morley et al. [11], commenting on the poor report-
ing of therapy content in trials, suggested that “…. It is 
possible that expediency and economy of reporting is a 
product of external pressures (e.g. editorial demands), 
but this does not account for what appear to be brief 
interventions delivered by relatively inexperienced ther-
apists to chronically distressed patients for any realistic 
expectation of change to take place” (p 10). This review 
has recently been updated [19]. 

A more recent review of psychological interventions 
focused on the specific case of low back pain of vari-
ous origin [20]. Hoffman and colleagues deliberately 
adopted a wider definition of psychological therapy, 
extending it to include social support and education 
with a psychological flavor. They identified 39 articles, of 
which 25 provided extractable data on 22 randomized 
or quasi-randomized controlled trials. They measured 
outcomes of interventions in pain intensity, pain inter-
ference, depression, anxiety, health-related quality of 
life, healthcare utilization (doctor visits), healthcare 
utilization (medication usage), healthcare utilization 
(costs), work disability, and compensation status. Given 
that these categories were from the ideal set established 
by IMPAACT [21], rather than arising from what was 
published, most trials did not have measurement tools 
in each of these domains.

In the main analysis in which they pooled all effect 
sizes of all psychological treatments, on all outcomes, 
they had an omnibus significant result of treatment 
effectiveness of 0.48 when compared with control 
conditions. The effect sizes ranged from 0.50 for 
pain intensity to nonsignificant changes for depres-
sion from CBT. Again, there is a concerning finding 
emerging from the literature that traditional CBT for 
chronic pain may not be effective at changing depres-
sion status in patients. Of course, to some extent this 
finding is not additive because some of the same 
trials entered the analysis. However, the scope of this 
review was different, being more narrowly focused 
on chronic low back pain and more broadly focused 
on all therapies purporting to be psychological. The 
authors raise this issue as a challenge to the field, writ-
ing that “… Inconsistent effects of these interventions 
on emotional functioning underscore a challenge to 
the field” (p 8), although they do not discuss possible 
reasons for these inconsistencies.

One other meta-analysis of trial data is worth men-
tioning here. Dixon and colleagues from the Duke 
University lab reviewed data from trials of psycho-
logical therapy for the management of pain from 
arthritis-related conditions [22]. Arthritis is the most 
common cause of disability, and pain is reported as 
the most prominent symptom. As with other chronic 
pain conditions, it is associated with significant dis-
ability, distress, and life interference. In this review, 
the authors expanded their definition of  psychological 
therapy beyond CBT and coping skills training to 
include hypnosis, psychodynamic psychotherapy, and 
emotional disclosure. They identified 37 publications 
of which 31 provided extractable data on 27 rand-
omized or quasi-randomized controlled trials, com-
paring pre–post treatment effects. Outcomes were 
grouped into four broad categories: pain, psychologi-
cal functioning, physical functioning, and biological 
functioning. The overall effect size (ES) for the effects 
of psychological interventions on pain intensity was 
0.177. This held when taking account of heterogeneity
in studies, and study quality. Unpacking psychological 
functioning, five studies reported a positive effect on 
anxiety (ES � 0.28), seven reported a positive effect 
on depression (ES � 0.21), six reported a positive 
effect on psychological disability (ES � 0.25), and five 
reported an improvement in coping (ES � 0.72). The 
overall ES for the effects of psychological interventions 
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on improvements in physical functioning was 0.15. 
Finally, the overall ES for the effects of psychologi-
cal functioning on biological functioning, principally 
joint swelling, was 0.35.

Psychological therapies, and in particular CBT, are 
perhaps in most common use in the service of mus-
culoskeletal pain problems such as low back pain or 
osteo-arthritis. In part, this may be due to the high 
prevalence of these conditions and the growing rec-
ognition of interventions aimed at self-management 
rather than cure. CBT, however, has wider applicability 
in pain associated with malignancies [23, 24]. For just 
one example, Tatrow & Montgomery recently reported 
a meta-analysis of CBT therapy techniques on the pain 
and distress reported by women with breast cancer 
[25]. Distress and pain associated with the diagnosis 
and treatment of breast cancer are reported as severe 
by half of those with breast cancer. The psychologi-
cal effects can be extensive and debilitating, and are 
 characterized by fear and the cognitive dominance 
of catastrophic ideation. The scope of the review was 
limited to CBT but included studies focusing on one 
component of CBT. Outcomes were focused on the 
report of pain and the report of distress. Sixty-one 
papers were recovered from the search strategy, which 
yielded 20 studies allowing data synthesis. The overall 
effect size for CBT on pain was 0.49, and for distress 
was 0.31. Interestingly, the data allowed for further 
analyses of delivery format. The authors found that 
CBT delivered to an individual has a greater effect
(ES � 0.48) than when delivered to groups 
(ES � �0.06). This finding should be treated with 
some  caution given that the overall data set revealed 
a sample bias such that the larger the sample, the less 
likely the studies were to show a significant effect, 
and group treatments had larger samples. Finally, the 
authors also attempted an analysis of breast cancer 
severity, based on a dichotomous variable of metastatic 
versus nonmetastatic disease. There were no signifi-
cant  differences between the effect sizes for both pain 
and distress, both showing a positive effect of CBT 
on reports of pain and distress regardless of the stage
of disease. 

In summary, there is now a great deal of evidence 
from randomized controlled trials in support of the 
effectiveness of CBT for the treatment of patients 
reporting chronic pain. These findings appear to be 
significant not only for pain outcomes, but also for 

psychological, physical, and biological outcomes. 
The evidence base extends beyond the traditional 
domain of nonspecific or idiopathic pain syndromes 
such as chronic low back pain, with evidence for its 
effectiveness in pain and its associated disability and 
distress for patients with malignant and nonmalig-
nant disease. 

Extending the evidence base

So, overall, the evidence base appears to be very 
strong and in general supportive of CBT for chronic 
pain. This has been an active field of clinical research. 
The tools and techniques of CBT, both in isolation 
and in a programmatic multidisciplinary form, have 
been subject to evaluation with randomized con-
trolled trials for the last 30 years. If we stand back to 
admire this picture it will all appear relatively well 
constructed and attractive. Closer examination, how-
ever, reveals some problems.

We should consider these trials perhaps as first-
generation trials, which have a number of problems. 
First, many were designed to answer specific  questions 
in specific settings, and were designed prior to the 
development of guidelines and standards of trials 
design and reporting such as CONSORT (see www.
consort-statement.org/) who have recently introduced 
a revised statement to extend to trials  concerned with 
nondrug interventions [26], and prior to the guid-
ance offered by the Cochrane Collaboration (www.
cochrane.org/). As a consequence, most of the indi-
vidual trials entering the various meta-analyses 
reported above are small, bringing all the biases asso-
ciated with small trials, most concerningly a lack of 
control over both type I and type II errors. Second, 
many of the trials are overcomplicated, comparing 
too many variations or types of therapy, and examin-
ing their effects on too many outcomes. In part, this 
arises from the complexity of the patient group, pre-
senting with many disabilities that cannot meaning-
fully be captured in a primary outcome. Third, many 
of the trials have inadequate bias control mecha-
nisms built into the design. In particular, infrequently 
reported are any attempts to control for the treat-
ment quality: the training of the therapist, the alle-
giance of the therapist, the content of the therapy, 
whether it was delivered adequately, and its credibility 
with the patients. Fourth, the reliance on waiting list
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and no treatment controls rather than placebo con-
trols causes problems of interpretation. Fifth, and 
related to this, the small numbers of patients 
and use of waiting list controls mean that it is diffi-
cult to maintain patients into trial beyond immediate 
post-treatment assessment. Therefore, the longer term 
effects of CBT remain largely a mystery. Although this 
is not a specific problem of trials of psychological ther-
apy, it will become important to have some considera-
tion of long-term effects for therapies that are aimed 
at self-management of lifelong health conditions. 
Finally, a serious problem for the discipline of psychol-
ogy and first-generation trials has been the wholesale 
ignorance and avoidance of any concern with adverse 
effects of therapy. Rarely are adverse effects reported 
or discussed. It is not plausible that they do not exist, 
and the absence of their consideration undermines the 
credibility of psychotherapy as a clinical discipline.

Next steps

Methods of evaluation of therapies will evolve. 
Guidance is available on how to undertake a trial of 
psychological therapy, and how to judge the qual-
ity of a trial of psychological therapy in chronic pain 
[27]. Knowledge of how to produce an excellent trial 
is available. Meeting it will remain a challenge. In 
addition, even with good trial data, understanding 
how to translate the findings into real-world settings 
will become an important focus [28]. Beverly Thorn 
and her colleagues, commenting on the development 
of evidence-based practice, address these wider issues 
[29]. What commissioners of treatments need from 
an evidence base, which is to know whether it works 
or not and whether it should be made available, is dif-
ferent from what practitioners need. Evidence-based 
practice will be enhanced if the evidence of effective-
ness is complemented with access to treatment manu-
als, guidance on how to tailor treatments to different 
client groups, and multisite audit and evaluation of 
methods of therapy delivery. 

Other challenges remain for the development of 
effective psychotherapy for chronic pain manage-
ment. First, although the evidence base is very strong, 
there remain critical gaps: there are client groups 
that I have not discussed in this selective review. For 
example, we know that psychological techniques are 
highly effective for the management of headache in 

childhood but know very little about other child-
hood presentations [30]. Second, psychological 
interventions can operate pragmatically and without 
theoretical coherence. Although such pragmatism is 
sometimes celebrated as a necessary part of real ther-
apy delivery, it brings problems to the discipline as 
a whole. I would argue that understanding and ally-
ing oneself to a single school of therapy, whatever it 
may be, from radical behaviorism to psychoanalysis, 
at least allows for a coherent direction for develop-
ment. Despite the large number of trials of therapy, 
the development of new and improved therapies 
has been very slow. There are few new inventions. 
The cognitive model is being extended to account for 
the work on catastrophic thinking and worry, third-
wave CBT is being developed for chronic pain and, 
as we have seen above, a number of groups are work-
ing on new methods of delivery to solve problems of 
access or are studying the influence of family members. 
However, development in this field has slowed to a 
creeping pace. Third, I stress that attempts to improve 
therapy are as important as evaluating existing thera-
pies because better therapy is needed. At present, for 
example, it appears that we may have seriously under-
estimated the extent of affective disorder in chronic 
pain patients, and need to improve its treatment.

In conclusion, if we accept that chronic pain often 
means that patients also present with complex and 
multiple problems of pain-associated disability and 
distress, then we can allow for the role of psychologi-
cal interventions in promoting self-management and 
rehabilitation. There is a strong tradition of psycho-
therapy, in particular of CBT, in chronic pain man-
agement in both idiopathic and disease-related pain. 
Overall, the evidence for the effectiveness of CBT is 
very strong, and it should be considered a standard 
treatment option for any chronic pain service. The 
next generation of psychotherapy promises greater 
maturity. Innovation will come not only in the devel-
opment of more effective techniques for addressing 
severe affective distress, but also in increasing patient 
access to these effective treatments. 
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a  specific pathophysiologic mechanism, such as her-
nia nucleus pulposus (HNP), infection, inflamma-
tion, osteoporosis, rheumatoid arthritis, fracture or 
tumor. Only in about 10% of the patients can spe-
cific underlying diseases be identified [4]. The vast 
majority of patients (up to 90%) are labeled as hav-
ing nonspecific low back pain, which is defined as 
symptoms without clear specific cause, i.e. low back 
pain of unknown origin. Spinal abnormalities on 
X-rays and magnetic resonance imaging (MRI) are 
not strongly associated with nonspecific low back 
pain, because many people without any symptoms 
also show these abnormalities [5, 6]. 

Nonspecific low back pain is usually classified 
according to duration as acute (less than 6 weeks), 
subacute (between 6 weeks and 3 months) or 
chronic (longer than 3 months) [7]. In general, 
prognosis is good and most patients with an episode 
of nonspecific low back pain will recover within 
a couple of weeks. However, back pain among pri-
mary care patients is often a recurrent problem with 
fluctuating symptoms. The majority of back pain 
patients will have experienced a previous episode 
and acute exacerbations of chronic low back pain 
are common [8].

Prevalence figures/epidemiology

Epidemiological data reported in the literature usu-
ally have been collected in different populations. 
Incidence and prevalence data need to be reported for 
specific populations. 

Evidence-Based Chronic Pain Management. Edited by 
C. Stannard, E. Kalso and J. Ballantyne. © 2010 Blackwell 
Publishing.

Background

Many randomized controlled trials have been con-
ducted and published on conservative and comple-
mentary treatments for nonspecific low back pain. 
A substantial number of systematic reviews have also 
been published, in which the evidence from these tri-
als has been summarized [1, 2]. Recently, the evidence 
from trials and reviews has formed the basis for clini-
cal practice guidelines on the management of low 
back pain that have been developed in various coun-
tries around the world [3]. This chapter on evidence-
based medicine for chronic low back pain provides an 
overview of the evidence on diagnosis and treatment 
of chronic nonspecific low back pain and summarizes 
how this evidence has been translated into guideline 
recommendations.

The current underst nding
of relevant pathophysiology

Low back pain is usually defined as pain, muscle 
tension or stiffness localized below the costal mar-
gin and above the inferior gluteal folds, with or 
without leg pain (sciatica). Low back pain is typi-
cally classified as being “specific” or “non-specific.” 
Specific low back pain refers to symptoms caused by 



Chapter 7

Incidence

Incidence in general practice
A large epidemiological study in The Netherlands 
included data from a random sample of 161 gen-
eral practitioners in 103 practices with a total 
population of 335,000 patients [9]. The registra-
tion period was from April 1987 to April 1988 using 
the ICPC classification. The incidence of low back 
pain was 28.0 episodes per 1000 persons per year. 
The reported incidence of low back pain with sci-
atica was 11.6 per 1000 per year. The incidence of 
low back pain was higher for men (32.0) than for 
women (23.2) and was highest for people between 
25 and 64 years of age.

Another epidemiological study from The 
Netherlands reported data collected by 59 general 
practitioners in 21 practices with a population of 
41,000 patients [10]. The ICPC was used for clas-
sification. The incidence of low back pain (ICPC 
code L03) was 30 episodes per 1000 persons per year. 
The incidence of low back pain with sciatica (ICPC 
code L86, including herniated disk and diskopathy) 
was six episodes per 1000 persons per year. The inci-
dences of both low back pain and low back pain with 
sciatica were highest for patients between 45 and 64 
years of age. 

The South Manchester Back Pain Study in the 
UK included 2715 adults who were free of low back 
pain during the month prior to the baseline survey. 
Subsequently, all primary care consultations were 
prospectively monitored [11]. The 12-month cumu-
lative incidence of new consulting episodes was 3% 
in men and 5% in women. Those with a history of 
previous low back pain had twice the rate of new 
episodes compared to those with no low back pain 
in the past.

Incidence in the general population
The South Manchester Back Pain Study also included 
a follow-up survey after 1 year to determine new epi-
sodes that had not led to consultation (nonconsulting 
episodes) during that 1-year period. The 12-month 
cumulative incidence of new nonconsulting episodes 
was 31% in men and 32% in women. Those with a 
history of previous low back pain and those with 
widespread pain had a much higher incidence than 
those with no low back pain in the past [11]. 

Prevalence
Reported lifetime prevalence ranges widely, from 
49% to 70%, as does point prevalence from 12% 
to 30%, and period prevalence from 25% to 42%. 
A large epidemiological study on low back pain among 
the general population in The Netherlands was con-
ducted from 1993 to 1995 [12]. The study population 
consisted of a sample of 13,927 men and women aged 
20–59 years. Almost half of the respondents (49.2%, of 
whom 45.5% men and 52.4% women) reported low 
back pain in the previous year. More than 40% of the 
respondents reported that the episode lasted for more 
than 12 weeks (7.1%) or that the low back pain was 
continuously present (34.7%). Chronic low back pain 
was more common among women (22.6%) than men 
(18.3%) and increased with age from 12% at 20–29 
years of age to 27.1% at 50–59 years of age. 

In general, the conclusion from these prevalence 
estimates is quite clear: low back pain is a common 
disorder in Western countries. The estimates of prev-
alence may vary because of national variations, age or 
gender of the population and sampling method used.

Risk factors

Many epidemiological studies have been conducted 
evaluating the association between risk factors and the 
occurrence of nonspecific low back pain. Relatively 
little is known about risk factors for the transition 
from acute to chronic low back pain. Usually vari-
ables associated with nonspecific low back pain are 
classified as individual, psychosocial or occupational 
factors. Risk factors are summarized in Table 7.1.

Risk factors for occurrence

Individual risk factors
Although results of epidemiological studies are not 
necessarily consistent, factors that have been reported 
to be associated with low back pain are age, physical 
fitness, and strength of back and abdominal muscles. 
There seems to be no association between low back 
pain and other individual factors such as gender, 
length, weight, Body Mass Index, flexibility/mobility 
and structural deformities of the spine.

Recent systematic reviews found that smoking and 
body weight should be considered weak risk indica-
tors and not causes of low back pain [13, 14], and 
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that alcohol consumption [68], standing or walking, 
sitting, sports, and total leisure-time physical activity 
[15] do not seem to be associated with low back pain. 

Psychosocial risk factors
Psychosocial factors that traditionally have been 
reported to be associated with low back pain are anxi-
ety, depression, emotional instability, and alcohol or 
drug abuse [16]. A recent systematic review of obser-
vational studies of psychosocial factors for the occur-
rence of back pain found insufficient evidence for an 
effect of psychosocial factors in private life, such as 
family support, presence of a close friend or neighbor, 
social contact, social participation, instrumental sup-
port and emotional support [17]. 

A prospective cohort study provided evidence that 
psychologic distress at 23 years of age more than dou-
bled the risk of low back pain onset 10 years later, while 
other factors (e.g. social class, childhood emotional sta-
tus, Body Mass Index, job satisfaction) did not increase 
the risk [18]. Another systematic review found a clear 
link between psychologic variables and low back pain 
[19]. Psychologic variables that are associated with low 
back pain are stress, distress or anxiety as well as mood 
and emotions, cognitive functioning, and pain behavior. 

Occupational risk factors
Occupational factors such as physically heavy work, 
lifting, bending, twisting, pulling and pushing (or 

the combination of these last three with lifting), and 
vibrations have often been associated with low back 
pain [20]. 

A systematic review of aspects of physical load 
found strong evidence that manual materials handling, 
bending and twisting, and whole-body vibration are 
risk factors for back pain [17]. Two systematic reviews 
of psychologic workplace variables in back pain found 
strong evidence that job dissatisfaction, monotonous 
tasks, work relations, social support in the workplace, 
demands, stress, and perceived ability to work were 
associated with the occurrence of low back pain [17, 
21]. Moderate evidence was found for work pace, con-
trol, emotional effort at work, and the belief that work 
is dangerous, and insufficient evidence was found for 
a high work pace, high qualitative demands [21], low 
job content and low job control [17]. 

Studies on the association between occupational 
risk factors and low back pain are hampered by the 
difficulties of measuring exposure to specific factors. 
Exposure to specific risk factors may vary among 
employees with the same job, but also the task they 
perform may vary. Also, the “healthy worker effect” 
may considerably affect results of epidemiologic stud-
ies in occupational settings. That is, healthy workers 
may stay on the same job or perform the same task 
for years, while workers with low back pain may have 
moved to another job or function or their tasks may 
have been adjusted.

Table 7.1 Risk factors for occurrence and chronicity

Occurrence Chronicity

Individual 
factors

Age
Physical fitness
Strength of back and abdominal muscles
Smoking

Obesity
Low educational level
High levels of pain and disability

Psychosocial 
factors

Stress
Anxiety
Mood/emotions
Cognitive functioning
Pain behavior

Distress 
Depressive mood
Somatization

Occupational 
factors

Manual material handling
Bending and twisting 
Whole-body vibration
Job dissatisfaction
Monotonous tasks
Work relations/social support
Control

Job dissatisfaction
Unavailability of light duties on return to work
Job requirement of lifting for ¾ of the day
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Risk factors for chronicity
It is important to identify early those low back pain 
patients at risk for long-term disability and sick 
leave, because early and specific interventions may 
be  developed and used in this subgroup of patients.
As stated before, most patients are likely to recover 
within a couple of days or weeks, but recovery for 
those who develop chronic low back pain and dis-
ability becomes increasingly less likely the longer the 
problems continue. The small group of patients with 
long-term severe low back pain also account for sub-
stantial healthcare utilization and sick leave, and asso-
ciated costs. 

Evidence suggests that psychosocial factors are 
important in the transition from acute to chronic low 
back pain and disability [19]. A systematic review of 
prospective cohort studies found that some psycho-
logic factors (distress, depressive mood, and soma-
tization) are associated with an increased risk of 
chronic low back pain [22]. 

Individual and workplace factors, such as job dis-
satisfaction, low educational level, and high levels 
of pain and disability, have also been reported to be 
associated with the transition to chronic low back 
pain [23, 24]. A prospective cohort study found that 
severe leg pain, obesity, functional disability, poor 
general health status, unavailability of light duties on 
return to work, and a job requirement of lifting for 
three-fourths of the day or more were associated with 
the transition from acute to chronic occupational 
back pain [25]. Job dissatisfaction or poor workplace 
relations were not associated with chronic low back 
pain [25]. Another prospective cohort study of 328 
employees identified prognostic factors for return to 
work of employees with 3–4 months sick leave due 
to low back pain [26]. Risk factors included poor 
general health status, low job satisfaction, not being 
a bread winner, lower age and higher pain intensity. 
The authors concluded that psychosocial aspects 
of health and work in combination with economic 
aspects have a significantly larger impact on return 
to work when compared to relatively more physical 
aspects of disability and physical requirements of the 
job [26].

The transition from acute to chronic low back pain 
seems complicated and many individual, psychosocial 
and workplace factors may play a role. As the identi-
fication of patients at risk of chronicity will depend 

on identification of these factors, the implication 
for clinical management is still unclear. Although 
psychosocial yellow flags are at present expected 
to play an important role in screening of high-risk 
patients with acute and subacute low back pain [27] 
and a screening instrument has been suggested for 
use in clinical practice [28], future research is defi-
nitely needed to test the predictive value of these fac-
tors and instruments in clinical practice.

Diagnosis

The diagnosis of nonspecific low back pain is based 
on the exclusion of relevant specific causes. When 
searching for specific causes, the physician should 
first focus on features of serious spinal pathology 
(so called “red flags”; see Table 7.2). Such pathol-
ogy may be suspected primarily on the basis of his-
tory and physical examination and can be confirmed 
with additional diagnostic procedures. However, 
in most cases of acute low back pain it is not pos-
sible to arrive at a diagnosis based on detectable 
pathologic changes. Several classification systems 
of diagnosis have been suggested, in which low 
back pain is categorized based on, for example, 
pain distribution, pain behavior, functional dis-
ability or clinical signs. However, none of these 
systems of classification has been critically vali-
dated. A simple and practical classification, which 
has gained international acceptance, divides acute 

Table 7.2 “Red flags”: warning signs and symptoms 
indicating an increased likelihood of serious spinal 
pathology

Age of onset �20 or �55 years
Violent trauma
Constant progressive, nonmechanical pain (no relief with 
bedrest) 
Thoracic pain
Past medical history of malignant tumor 
Prolonged use of corticosteroids
Drug abuse, immunosuppression, HIV
Signs of systemic disease
Unexplained weight loss 
Widespread neurology (including cauda equina syndrome) 

Structural deformity
Fever
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low back pain into three categories – the so-called 
“diagnostic triage”:

serious spinal pathology
nerve root pain/radicular pain
nonspecific low back pain.

The priority in the examination procedure follows this 
line of clinical reasoning. First, the patient’s age and his-
tory should be considered. Second, a standard history 
should include considering the  distribution and sever-
ity of the pain and the relation with time and posture. 
Third, a standard phsyical examination is conducted 
including inspection of posture and movement, and 
local anatomic derangements, assessment of spinal 
tenderness on percussion over the spinal processes or 
axial pressure and palpation of the abdomen. In some 
patients, nerve root disorders may be suspected on the 
basis of pain distribution and pattern. Then, provocation 
of pain on coughing, sneezing or straining, weakness, 
sensory loss and micturition disturbance (incontinence) 
should be queried. Also, the diagnostic process should 
include a neurologic examination looking for typical 
radiating pain in the leg during straight-leg raising, and 
anteflexion, paresis (at least requesting the patient to 
walk on toes and heels), and reflex disturbance.

The initial examination also serves other important 
purposes besides reaching a “diagnosis.” Through a 
thorough history taking and physical examination, it is 
possible to evaluate the degree of pain and functional 
disability. This enables the healthcare professional to 
outline a management strategy that matches the magni-
tude of the problem. Finally, the careful initial examina-
tion serves as a basis for imparting credible information 
to the patient regarding diagnosis, management and 
prognosis and may help in  reassuring the patient.

History taking
One systematic review of nine studies evaluated the 
accuracy of history in diagnosing low back pain in 
general practice [29]. The review found that his-
tory taking does not have a high sensitivity and high 
 specificity for radiculopathy and ankylosing spond-
ylitis. The combination of history and erythrocyte 
sedimentation rate had a relatively high diagnostic 
accuracy in vertebral cancer.

Physical examination
One systematic review of 17 studies found that the 
pooled diagnostic odds ratio (OR) for straight-leg 

•
•
•

raising (SLR) for nerve root pain was 3.74 (95% 
 confidence interval (CI) 1.2–11.4); sensitivity for 
nerve root pain was high (1.0–0.88), but specificity 
was low (0.44–0.11) [30]. All included studies were 
surgical case series at nonprimary care level. Most 
studies evaluated the diagnostic value of SLR for disk 
prolapse. The pooled diagnostic OR for the crossed 
straight-leg raising test was 4.39 (95% CI 0.74–25.9), 
with low sensitivity (0.44–0.23) and high specificity 
(0.95–0.86). The authors concluded that the studies 
do not enable a valid evaluation of diagnostic accu-
racy of the SLR test [30].

Diagnostic imaging
One systematic review was found that included 31 
studies on the association between X-ray findings of 
the lumbar spine and nonspecific low back pain [6]. 
The results showed that degeneration, defined by the 
presence of disk space narrowing, osteophytes and scle-
rosis, is consistently and positively associated with non-
specific low back pain with OR ranging from 1.2 (95% 
CI 0.7–2.2) to 3.3 (95% CI 1.8–6.0). Spondylolysis/
listhesis, spina bifida, transitional vertebrae, spondy-
losis and Scheuermann’s disease did not appear to be 
associated with low back pain. There is no evidence on 
the association between degenerative signs at the acute 
stage and the transition to chronic symptoms.

A review of the diagnostic imaging literature (MRI, 
radionuclide scanning, computed tomography, radi-
ography) concluded that for adults younger than 50 
years of age with no signs or symptoms of systemic 
disease, diagnostic imaging does not improve treat-
ment of low back pain. For patients 50 years of age 
and older or those whose findings suggest systemic 
disease, plain radiography and simple laboratory tests 
can almost completely rule out underlying systemic 
diseases. The authors concluded that advanced imag-
ing should be reserved for patients who are consid-
ering surgery or those in whom systemic disease is 
strongly suspected [31]. 

A randomized controlled trial (RCT) of 380 patients 
aged 18 years or older whose primary physicians had 
ordered that their low back pain be evaluated by radi-
ographs determined the clinical and economic con-
sequences of replacing spine radiographs with rapid 
MRI [32]. Although physicians and patients preferred 
the rapid MRI, there was no difference between rapid 
MRIs and radiographs in outcomes for primary care 
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patients with low back pain. The authors concluded 
that substituting rapid MRI for radiographic evalu-
ations in the primary care setting may offer little 
additional benefit to patients, and it may increase the 
costs of care because of the increased number of spine 
operations that patients are likely to undergo.

Treatment

Various healthcare providers may be involved in the 
treatment of low back pain in primary care. Although 
there may be some variations between countries, gen-
eral practitioners, physiotherapists, manual thera-
pists, chiropractors, exercise therapists, McKenzie 
therapists, orthopedic surgeons, neurologists/neu-
rosurgeons, rheumatologists and others may all be 
involved. The primary care physician has a central 
role in the management of nonspecific low back pain. 
The therapeutic management of specific spinal disor-
ders is generally the domain of medical specialists. It 
is important that information and treatment are con-
sistent across professions, and that healthcare provid-
ers collaborate closely with each other.

Within the framework of the Cochrane Back 
Review Group, systematic reviews of RCTs on thera-
peutic interventions for back pain are promoted, 
conducted, and disseminated [33, 34]. In 1997, the 
Cochrane Back Review Group developed and pub-
lished method guidelines for systematic reviews in 
this field. These method guidelines were updated in 
2003 [35]. The aim of these guidelines is to improve 
the quality of reviews, to facilitate comparison across 
reviews, and to enhance consistency among reviewers.
The evidence on treatment of acute and chronic low 
back pain is summarized below. Cochrane and other 
systematic reviews are used and a recent edition of 
Clinical Evidence, in which these reviews have been 
updated with additional trials [1, 2]. The evidence 
from systematic reviews on chronic low back pain is 
summarized in Box 7.1. 

Evidence of effectiveness of treatments 
for chronic low back pain

Acupuncture 
A recent Cochrane review of 32 RCTs on chronic low 
back pain found evidence of pain relief and func-
tional improvement for acupuncture compared to 

Box 7.1 Evidence of treatments 
for chronic low back pain

Interventions supported by evidence 
Exercise therapy 
Intensive multidisciplinary treatment programs 
Muscle relaxants 
Analgesics 
Acupuncture
Antidepressants
Back schools
Behavioral therapy 
Nonsteroidal anti-inflammatory drugs
Spinal manipulation

Commonly used interventions currently 
unproven
Epidural steroid injections 
Electromyographic biofeedback
Lumbar supports 
Massage
Transcutaneous electrical nerve stimulation (TENS)
Traction
Local injections

Interventions refuted by evidence
Facet joint injections

no treatment or sham therapy. These effects were 
only observed immediately after the end of the ses-
sions and at short-term follow-up. There is evidence 
that acupuncture, added to other conventional thera-
pies, relieves pain and improves function better than 
the conventional therapies alone. However, effects 
are only small. Dry-needling appears to be a useful 
adjunct to other therapies for chronic low back pain. 
No clear recommendations could be made about the 
most effective acupuncture technique [36].

Analgesics
One RCT found that tramadol versus placebo 
decreased pain and increased functional status. A sec-
ond RCT found that paracetamol versus diflunisal 
increased the proportion of people who rated the 
treatment as good or excellent [37].

Antidepressants
One systematic review found that antidepressants 
versus placebo provided significantly better pain 
relief, but no consistent difference in functioning or 
depression [38, 39].
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Back schools
A Cochrane review of 19 RCTs found moderate 
evidence suggesting that back schools have better 
short- and intermediate-term effects on pain and 
functional status than other treatments for recurrent 
and chronic LBP. There is moderate evidence suggest-
ing that back schools for chronic LBP in an occupa-
tional setting are more effective than other treatments 
and placebo or waiting list controls on pain, func-
tional status and return to work during short- and 
intermediate-term follow-up.

Behavioral therapy
A Cochrane review of 21 RCTs found strong evi-
dence that a combined respondent-cognitive therapy 
reduced pain more than a waiting list, and moderate 
evidence that progressive relaxation reduced pain 
and improved behavioral outcomes more than wait-
ing list (short term only). There were no differences 
between operant treatment and waiting list on gen-
eral functional status and behavioral outcomes (short 
term only). There is limited evidence that a graded 
activity program in an industrial setting is more 
effective than usual care for early return to work 
and reduced long-term sick leave. There is also lim-
ited evidence that there are no differences between 
behavioral treatment and exercises. Finally, there 
is moderate evidence that there are no  significant 
 differences in short-term and long-term effective-
ness when behavioral components are added to usual 
treatment programs (i.e. physiotherapy, back educa-
tion) on pain, generic functional status and behavio-
ral outcomes [40]. 

Electromyographic (EMG) biofeedback
One systematic review found no difference in pain 
relief or functional status between electromyo-
graphic biofeedback and placebo or waiting list 
control, but found conflicting results on the effects 
of EMG biofeedback compared with other treat-
ments [37].

Epidural steroid injections
A Cochrane review found no significant difference 
between epidural steroid injections and placebo or 
between epidural steroid injections and saline injec-
tions in pain relief after 6 weeks or 6 months [41]. 
Most of these trials included patients with sciatica.

Exercise
A Cochrane review found evidence of effectiveness 
in chronic populations relative to comparisons at all 
 follow-up periods; pooled mean improvement was 
7.3 points (95% CI 3.7–10.9) for pain (out of 100), 2.5 
points (1.0–3.9) for function (out of 100) at earliest fol-
low-up. In studies investigating patients (i.e. presenting 
to healthcare providers) mean improvement was 13.3 
points (5.5–21.1) for pain, 6.9 (2.2–11.7) for function, 
representing significantly greater improvement over 
studies where participants included those recruited from 
a general population (e.g. with advertisements) [42, 43]. 

Facet joint injections
A Cochrane review found no significant difference in 
pain relief between facet joint injections and placebo 
or facet joint nerve blocks [41]. Most of these trials 
included patients with sciatica.

Functional restoration
A Cochrane review has found that functional restora-
tion programs with a cognitive behavioral approach 
plus physical training for workers with back pain 
reduced sick days but not the risk of being off work at 
12 months compared with usual general practitioner 
care or with other interventions [44]. 

Local injections
A Cochrane review found that four out of five trials 
indicated that injection therapy was more effective 
than placebo injection, irrespective of the medication 
used. However, the meta-analysis showed that there 
was no significant difference in pain relief. Two tri-
als did not show any differences between local injec-
tion with bupivacaine and lignocaine or bupivacaine 
and methylprednisolone [41]. Most of these trials 
included patients with sciatica.

Lumbar supports
A Cochrane review found insufficient evidence on the 
effects of lumbar supports [45]. Three studies included 
solely patients with chronic LBP [46-48]. One study 
[47] found limited evidence that lumbar supports are 
not more effective than no intervention on short-term 
pain and functional status for patients with chronic 
LBP. The same study found limited evidence that a 
flexible corset is not more effective than a semi-rigid 
corset regarding short-term pain and functional status 



Chapter 7

78

for patients with chronic LBP [47]. Another RCT found 
limited evidence that a lumbar corset with back sup-
port is more effective on short-term pain and back-
specific functional status than a lumbar support alone 
for patients with chronic LBP [48]. One RCT found 
limited evidence that lumbar support as supplement to a 
muscle-strengthening program is not more effective on 
short- and long-term pain and back pain-specific func-
tional status than a muscle training program alone [46]. 

Massage
A Cochrane review found that massage combined 
with exercises and education is more effective than 
soft tissue massage only, remedial exercises and edu-
cation only, and sham laser therapy. The review found 
conflicting evidence about the effects of massage 
compared with other treatments [49]. 

Multidisciplinary treatment programs
A Cochrane review found that intensive multidisci-
plinary biopsychosocial rehabilitation with functional 
restoration reduces pain and improves function com-
pared with inpatient or outpatient nonmultidiscipli-
nary treatments or usual care. The review found no 
significant difference between less intensive multidis-
ciplinary treatments and nonmultidisciplinary treat-
ment or usual care in pain or function [50].

Muscle relaxants
A Cochrane review found better short-term pain relief 
and overall improvement with muscle relaxants com-
pared to placebo. One RCT found that adverse effects 
in people using muscle relaxants are common and 
include dependency, drowsiness, and dizziness [51]. 

Nonsteroidal anti-inflammatory drugs
A Cochrane review found that the pooled standardized 
mean difference of four studies comparing nonster-
cidal anti-inflammatory drugs (NSAIDs) with placebo 
for chronic low back pain was –0.48 (95% CI –0.61 to –
0.36), indicating a statistically significant effect in favor 
of NSAIDs compared to placebo. The pooled relative 
risk (RR) for side effects was 1.24 (95% CI 1.07–1.43), 
indicating statistically significantly fewer side effects in 
the placebo group.

One high-quality study found limited evidence that 
NSAIDs are more effective for pain relief than para-
cetamol in patients with chronic low back pain [52]. 

Paracetamol was associated with fewer side effects 
compared with NSAIDs.

Two RCTs found conflicting evidence on the effects 
of NSAIDs versus other analgesics [53–55]. One study 
reported equal effectiveness for an NSAID compared 
to a herbal medicine (Harpagophytum procumbens/ 
doloteffin) [56]. One study found moderate evidence 
that there were no differences in pain relief between 
COX-2 and traditional NSAIDs for chronic low back 
pain [57].

Spinal manipulation
One systematic review identified 16 comparisons in 13 
RCTs. The review found that spinal manipulation ver-
sus placebo did not improve pain and function [58].

Traction
One systematic review found no significant difference 
between traction and placebo or between traction 
and other treatments on any outcome [59]. 

Transcutaneous electrical nerve stimulation
A Cochrane review found no significant difference in 
pain relief and function between transcutaneous elec-
trical nerve stimulation and sham stimulation [60].

Guidelines and implementation

During the last decade, various clinical guidelines on 
the management of acute low back pain in primary 
care have been published [3, 61]. At present, guide-
lines on acute low back pain exist in at least 12 differ-
ent countries: Australia, Denmark, Finland, Germany, 
Israel, The Netherlands, New Zealand, Norway, 
Sweden, Switzerland, the United Kingdom and the 
United States. However, recently the first guidelines 
on chronic low back pain were published [62]. To 
increase consistency in the management of nonspe-
cific low back pain across countries in Europe, the 
European Commission has approved a program for 
the development of European guidelines for the man-
agement of low back pain, called “COST B13.” The 
main objectives of this COST action were:

developing European guidelines for the prevention, 
diagnosis and treatment of nonspecific low back pain.
ensuring an evidence-based approach through 
the use of systematic reviews and existing clinical 
guidelines

•

•
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enabling a multidisciplinary approach; stimulat-
ing collaboration between primary healthcare 
providers and promoting consistency across provid-
ers and countries in Europe
promoting implementation of these guidelines 
across Europe.

Representatives from 13 countries participated in this 
project that was conducted between 1999 and 2004. 
The experts represented all relevant health professions 
in the field of low back pain: anatomy, anesthesiology, 
chiropractic, epidemiology, ergonomy, general  practice, 
occupational care, orthopedic surgery, pathology, phys-
iology, physiotherapy, psychology, public healthcare, 
rehabilitation, and rheumatology. Besides guidelines 
for the management of chronic low back pain, guide-
lines were also developed on acute low back pain, pre-
vention of low back pain, and pelvic girdle pain. 

Development and dissemination of guidelines do not 
automatically mean that healthcare providers will read, 
understand and use the guidelines. Passive dissemination 
of information is generally ineffective and specific imple-
mentation strategies are necessary to establish changes in 
practice. Systematic reviews have shown that a clear and 
strong evidence base, clear messages, consistent mes-
sages across professions, clear sense of ownership, com-
munication with all relevant stakeholders, charismatic 
leadership, continuity of care, continuous education, 
and continuous evaluation are successful ingredients for 
the implementation of guidelines [63–65].

Guidelines should have a clear and strong evidence 
base and be based on systematic reviews. Guidelines 
that are not based on sound scientific evidence might 
effectively implement the wrong evidence. Also, there 
should be an explicit link between recommendations 
and evidence. Messages should be clear, specific and 
unambiguous. Inconsistent recommendations across 
health professions may be confusing. Therefore, mes-
sages of the various healthcare providers involved in the 
management of low back pain should be consistent. 

Several barriers to the implementation of guidelines 
have been identified. The practice behavior of health 
professionals may be influenced by a lack of knowl-
edge, a shortage of time, disagreement with the guide-
line content or reluctance of colleagues to adhere to the 
guideline. Furthermore, health professionals may get 
lost in the large number of different guidelines received. 
A priority in getting evidence into practice is identifying 
barriers to change the behavior of health professionals. 

•

•

However, changing  behavior is complex and difficult 
and interventions developed to change the behavior of 
health professionals have shown only limited effects. 
Identifying efficient implementation strategies to 
increase the uptake of evidence-based guideline recom-
mendations will be a major challenge for the future.

How to produce evidence of 
effectiveness in the future

A promising strategy is trying to identify relevant sub-
groups that may benefit more from a specific interven-
tion. A recently published RCT found that patients with 
acute or subacute low back pain had significantly bet-
ter functional outcomes when they received a matched 
treatment versus an unmatched treatment [66] The 
authors examined all patients before treatment and 
assigned them to one of three groups (manipulation, 
stabilization exercises, or specific exercise) thought 
most likely to benefit the patients. Patients were sub-
sequently randomized irrespective of this subgroup 
assignment into one of the three interventions groups 
with the same treatments. The analyses were focused 
on matched versus unmatched treatment according to 
their baseline subgroup assignment. 

Previous studies also found better results of matched 
treatments in subgroups of patients with nonspecific 
low back pain. For example, one study showed that it 
was possible to identify a subgroup of patients likely 
to benefit from spinal manipulation [67]. These types 
of studies may further improve the management of 
patients with low back pain and better tailor treatment 
options to the needs of individual patients. It might be 
recommended to further investigate which subgroups 
of patients with chronic low back pain (e.g. based on 
their psychosocial yellow flags) will especially benefit 
from exercise therapy or cognitive behavioral therapy.

Authors’ recommendations

Current evidence mostly favors active treatment 
approaches compared to passive treatments in acute 
as well as chronic low back pain.
Evidence-based guidelines for the management of 
low back pain are available in many countries, but 
implementation needs more effort.
The main challenge is the early identification (e.g. based 
on psychosocial risk factors) of patients at risk for chro-
nicity and subsequently preventing the chronicity.

•

•

•
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CHAPTER 8

Chronic neck pain and whiplash

Allan Binder
Lister Hospital, E & N Hertfordshire NHS Trust, Stevenage, UK

Introduction

Most patients who present with chronic neck symptoms 
fit into the category of nonspecific neck pain, which 
includes a variety of conditions having a postural or 
mechanical basis. Etiology is usually multifactorial and 
includes poor posture, anxiety, depression, neck strain 
and occupational or sporting activities. It also includes 
pain following a “whiplash” injury provided there is 
no bony injury or objective neurologic deficit. Where 
mechanical factors are prominent, the condition is often 
called “cervical spondylosis” although this term is loosely 
applied to all patients with nonspecific neck pain. 

Whiplash syndrome is very common through-
out the world, but the incidence of reported symp-
toms and patients who go on to chronic disability 
or seek compensation varies greatly between coun-
tries, and even different social groups within the 
same country [1]. As the dynamics associated with 
whiplash differ so much from other causes of neck 
pain, there is a need to differentiate these patients 
from other patients with nonspecific neck pain [2]. 
Unfortunately, many studies of neck pain do not 
specify the type of patients included. 

The duration of symptoms before presentation 
might also influence outcome, and in practice, most 
therapeutic studies of nonspecific pain are carried 
out in patients with chronic disease (�4 months 
duration), with study of acute symptoms (�4 weeks) 
being confined to whiplash. 

Background

Pathophysiology of nonspecific neck pain

Nontraumatic causes
Many patients with nonspecific neck pain show 
degenerative changes in the cervical disks with 
osteophyte formation and involvement of adja-
cent soft tissue structures. However, similar degen-
erative changes in the cervical spine are common in 
asymptomatic people over the age of 30 years, with 
changes being evident both on plain X-rays [3] and 
MRI scanning [4]. As there is such a poor correla-
tion between symptoms and radiological findings, 
the boundary between “normal” aging and disease is 
difficult to define, and diagnosis is usually made on 
clinical grounds alone. 

Whiplash
Patients develop symptoms soon after a sudden accel-
eration-deceleration of the neck, as occurs in road traf-
fic or sporting accidents. While symptoms are often 
severe, the source of the pain is uncertain, and no spe-
cific pathology can be identified on detailed clinical or 
radiological investigation. While soft tissue injury is 
considered likely, this is difficult to confirm even using 
MRI scanning. In some patients with chronic whiplash, 
facet joint abnormality [5] or brachial plexus involve-
ment has been identified [6]. It is not clear whether 
pre-existing degenerative change in the cervical spine 
influences outcome in these patients. 

Epidemiology of nonspecific neck pain
Epidemiological studies of neck pain are based on 
questionnaires and surveys, which may overestimate 
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the frequency of the condition. Nevertheless, it is 
clear that nonspecific neck pain including whiplash 
places a heavy burden on individuals, employers, and 
healthcare services.

Nontraumatic causes
About two-thirds of the population will experience 
neck pain at some time in their lives [7, 8], with the 
condition being most common in middle age, and 
in women [9]. The reported prevalence of neck pain 
varies widely between studies, but has a mean point 
prevalence of 7.6% (range 5.9–38.7%) and a mean 
lifetime prevalence of 48.5% (range 14.2–71%) 
[9]. A UK survey found that 18% of 7669 adults 
had neck pain at the time of the survey, but when 
symptomatic people were re-questioned 1 year later 
(58% responded), half were still symptomatic [10].
A Norwegian survey of 10,000 adults also reported 
that 34% of responders had experienced neck pain 
in the previous year [11]. Neck pain is second only to 
back pain in frequency of musculoskeletal consulta-
tion in primary care. 

Whiplash
Although whiplash injury is very common through-
out the world, the incidence of reported symptoms 
and patients who go on to chronic disability or to 
seek compensation varies greatly between coun-
tries and even between different regions or social 
groups within the same country. There is no con-
sistency in the literature about the epidemiology 
and natural history of whiplash, partially because 
of the poor quality of studies [12, 13]but more 
specifically because of the complex interactions 
between the individual, legal, economic, and soci-
etal factors, which may influence presentation and 
outcome [12, 13]. In some countries, like Lithuania 
and Greece where there is no litigation or compen-
sation culture, chronic whiplash is very rare and 
outcome is universally favorable [14, 15]. In other 
countries like the USA, Canada, The Netherlands, 
Australia and the UK, much higher proportions of 
patients develop chronic whiplash and suffer pro-
longed disability [16]. Internationally, whiplash 
lasting for over 6 months varies between 2% and 
58% [13, 17] but typically lies between 20% and 
40% [18]. 

Risk factors

Natural history of nonspecific neck pain 
and whiplash with factors associated 
with chronic disability

Nontraumatic causes
Nonspecific neck pain usually resolves within days or 
weeks, but can recur or become chronic. Once pain 
becomes persistent, outcome is more unpredictable, 
and there is little consistency in the literature regard-
ing the duration of symptoms and factors that influ-
ence outcome. A systematic review of the clinical 
course and prognostic factors in nonspecific neck pain 
found little consensus as to outcome or relevant prog-
nostic factors, although this was based on poor-qual-
ity studies [19]. The systematic review found evidence 
that in patients with chronic pain treated in second-
ary care or an occupational setting, 20–78% (median 
54%) of patients remained symptomatic, irrespective 
of the therapy given. Six of the included studies docu-
mented prognostic factors, and the severity of pain at 
presentation was the best predictor of a poor outcome, 
although previous episodes of neck pain were also 
important. Three subsequent studies also considered 
the factors at presentation which might influence out-
come at 1 year, and found older age, and concomitant 
low back pain [10, 20] and severity and duration of the 
pain [21] to be significant. Patients with chronic spinal 
conditions were also found to have other chronic pain 
syndromes (69%), chronic physical conditions (55%) 
or psychologic problems (35%)[22, 23].

Neck pain with neurological complications
Many patients with neurological abnormality as a 
result of nonspecific neck pain will require MRI scan-
ning of the cervical spine at an early stage, particularly 
if there is progressive myelopathy or intractable pain. 
Radiculopathy generally has a favorable outcome, 
although recovery can be slow. The result of decom-
pressive surgery for myelopathy complicating nonspe-
cific neck pain is often disappointing. While the rate 
of progression of the neurological loss may be slowed 
by the surgery, the lost function may not recover or 
symptoms may progress at a later date. The poor out-
come following surgery may reflect the irreversible 
damage to the cervical cord or compromise to the vas-
cular supply to the cord immediately or subsequently. 
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Whiplash
The prognosis for whiplash is also generally favouable 
[12] but as already mentioned, shows great variability 
as to the frequency, severity and duration of disability. 
This variability in outcome is at least in part related to 
the culture of litigation and compensation [1] but this 
cannot explain all the differences, particularly within 
the same population. Two comprehensive systematic 
reviews [12, 13] found little consistency as to factors 
influencing outcome, although societal factors like lit-
igation and compensation culture were most impor-
tant [1, 24, 25]. How other societal factors influence 
outcome is complex and even more poorly under-
stood [26]. Systematic reviews of prognostic factors 
following whiplash injury [12, 13, 17] found conflict-
ing evidence for pre-existing physical or psychologic 
factors, or crash-related factors. The most consistent 
predictors of an unfavorable outcome from the sys-
tematic reviews and subsequent studies were severity 
of pain, headache and disability at presentation. 

Therapeutic interventions for 
neck pain

Methods
Literature searches on therapeutic options for treat-
ing mechanical neck pain were carried out using the 
following databases: Chirolars (now called Mantis), 
Bioethicsline, CINAHL, Current Contents, and 
Medline, with data being used to prepare and update 
an article in Clinical Evidence [2]. I will summarize 
the evidence on treatment modalities currently in 
use, with an indication of questions which still need 
to be answered. Studies relating to specific condi-
tions like fibromyalgia and disk prolapse will not be 
discussed.

Data on therapy will be considered for patients 
with (uncomplicated) nonspecific neck pain, neck 
pain plus radiculopathy, and whiplash. Therapies will 
then be categorized as “likely to be effective,” where 
there is at least one high-quality RCT suggesting 
benefit and reasonable consensus from other studies; 
“likely to be ineffective,” where there is at least one 
high-quality study suggesting a lack of benefit from 
the treatment; and “unknown effectiveness,” where 
there is insufficient or conflicting evidence without 
a consensus (Boxes 8.1–8.3). Relevant systematic 

Box 8.1 Therapeutic options for 
nonspecific neck pain
Likely to be effective
Exercise
Manual therapy (mobilization or manipulation)
Exercise plus manual therapy

Likely to be ineffective
Patient education
Heat

Unknown effectiveness
Multimodal therapy
Traction
Acupuncture
Pulsed electromagnetic field therapy
Transcutaneous electrical nerve stimulation
Drug treatments
Soft collar and special pillows
Biofeedback
Spray and stretch

Box 8.2 Therapeutic options 
for neck pain complicated by 
radiculopathy
Unknown effectiveness
Epidural injection
Physical therapies 
Immobilization in a collar

Box 8.3 Therapeutic options for 
acute and chronic whiplash
Acute whiplash
Likely to be effective
Early exercise or mobilization

Unknown effectiveness
Early return to normal activities 
Early home exercise
Pulsed electromagnetic field therapy
Multimodal therapy
Drug treatments

Chronic whiplash
Unknown effectiveness 
Percutaneous radiofrequency neurotomy
Multimodal therapy
Physical therapies
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reviews with be mentioned, but with data mainly 
from the higher quality RCTs. 

Most neck pain appears to respond to conservative 
measures, although the effect size is often quite small, 
and the optimal therapeutic approach for uncom-
plicated neck pain has yet to be established. Even 
where an initial benefit is shown, this advantage is 
not sustained. Few modalities of treatment have been 
assessed in high-quality randomized studies, but I will 
try to present the best available evidence for the most 
commonly used modalities. The evidence is often 
contradictory because of the poor quality of many 
of the studies, use of interventions in combination, 
and diverse patient groups. The lack of consistency in 
study design makes it difficult to identify which inter-
vention may be of use in which type of patients.

Nonspecific neck pain (see Box 8.1)

Therapies likely to be effective
1. Exercise
Systematic reviews [2,27-30] identified RCTs using 
different exercise strategies, but none of the reviews 
could perform a meta-analysis because of heteroge-
neity among the trials in types of exercise and study 
designs. 

Positive studies
Proprioceptive and strengthening exercise versus 
usual care: one RCT (60 people with chronic neck 
pain) [31] found a proprioceptive and strengthen-
ing exercise program to be significantly more effec-
tive (P � 0.004) at reducing pain at 10 weeks when 
compared with usual care (analgesics, nonsteroidal 
anti-inflammatory drugs or muscle relaxants). 
Endurance exercise versus strengthening exercise 
versus no specific exercise program: an RCT (180 
female office workers with chronic neck pain) [32] 
compared a program of “endurance” (dynamic) or 
“strength” (isometric) exercises to a control group 
(no specific exercise), with exercise being carried 
out three times a week for 1 year. Both endurance 
and strength exercises significantly improved neck 
pain and disability after 12 months compared to 
the control therapy (P � 0.001 for exercise groups 
versus control). 
Strength training versus endurance training 
versus co-ordination exercises versus stress 
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management: an RCT (103 women with chronic 
work-related neck pain) [33] compared three 
exercise regimens (strength training, endurance 
training, co-ordination exercises) compared to 
stress management over 10 weeks. It found that 
any type of exercise significantly reduced pain 
compared with stress management after 10–12 
weeks (P � 0.05), but there was no significant 
difference in outcomes between the different exer-
cise programs. There was also no significant dif-
ference in neck pain among the four groups after 
3 years [34]. Another RCT (180 women with 
chronic neck pain) assessed the rate of change in 
neck strength, pain and disability of a 1-year train-
ing program comparing high-intensity strength 
training or lower intensity endurance training 
to a control group. The greatest improvement in 
strength was achieved within the first 2 months for 
both treated groups, but with improvement contin-
uing to a year. The decrease in pain at 12 months 
was 69% for strength training, 61% for endurance 
training and 28% for controls, compared to base-
line, all being significant (P � 0.001). The number 
of patients who were pain free or nearly pain free at 
12 months was significantly greater for the treated 
groups (53% and 49% respectively) compared to 
the controls (20%) [35]. However, this study does 
not describe how randomization and blinding were 
achieved. 
Exercise plus infrared versus transcutaneous 
electrical nerve stimulation (TENS) plus infra-
red versus infrared alone: one RCT (218 patients 
with chronic neck pain) [36] compared the effects 
of twice-weekly therapy for 6 weeks using inten-
sive exercise plus infrared, TENS plus infrared, and 
infrared alone. The RCT found that the addition of 
exercise or TENS significantly improved pain com-
pared to infrared alone at 6 weeks (P � 0.02) and 6 
months (P � 0.019), but with no difference between 
the two combination treatment groups. 
Exercise plus special pillow versus either alone 
versus control (hot/cold pack plus massage): an 
RCT (151 patients with chronic neck pain) [37] 
compared the effects of exercise plus a special 
pillow to exercise or a pillow alone or a control 
group and found a significant advantage for the 
combination group at 6 weeks, although the dif-
ference was small.

•

•



Chronic neck pain and whiplash

87

Negative study
Dynamic muscle training versus relaxation 
training versus advice to continue with ordi-
nary activity: one RCT (393 women office work-
ers with chronic neck pain) [38] compared three 
interventions for 12 weeks: dynamic muscle train-
ing, relaxation training, and advice to continue 
with ordinary activities, and found no significant 
difference in outcome in pain or disability in the 
three groups at 3, 6, and 12 months of follow-
up. However, the average number of 30-minute 
training sessions completed by participants over 
12 weeks for both treatment groups was only 40% 
of the maximum available, and this might have 
influenced the result.

2. Manual therapy (manipulation and mobilization 
physiotherapy)
Systematic reviews [2, 27, 28, 39– 44] identified a 
number of RCTs comparing manipulation and/or 
mobilization with each other or with other treatments. 

Positive studies
Manipulation or mobilization versus other physi-
cal treatments, versus usual care versus placebo: 
one RCT (256 people with chronic neck and back 
pain; 64 with neck and 48 with neck and back 
involvement) [45] compared four treatment groups: 
manual treatment (mobilization, manipulation 
or both); physical treatments at the discretion of 
the physiotherapist; usual GP care; and placebo. It 
found that manual treatment significantly improved 
outcomes after 12 months compared with all the 
other treatments (statistical analysis for people with 
neck pain alone was not reported). It was not pos-
sible to directly compare the effects of mobilization 
versus manipulation. 
Manipulation versus mobilization versus exer-
cise: one RCT (119 people with chronic neck pain) 
[46] compared three treatments: mobilization, 
manipulation, and intensive exercise training. It 
found no significant difference in pain among 
the three groups by the end of treatment or after 
12 months, although pain score improved signifi-
cantly from baseline in all groups.
Manipulation versus mobilization: three RCTs 
compared manipulation to mobilization. The first 
RCT (100 people with acute or chronic neck pain) 
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[47] compared a single manipulation treatment 
versus a single mobilization treatment and found 
no significant difference between them in imme-
diate improvement in pain (85% with manipula-
tion, 69% with mobilization). In this study, there 
was a transient increase in pain in 5% of people 
receiving manipulation and 6% receiving mobili-
zation. The second RCT (336 people with acute or 
chronic neck pain) [48] found no significant dif-
ference between manipulation and mobilization 
in “average” pain, “severe” pain and neck disability 
scores between a variable number of chiropractic 
mobilizations and a variable number of manipu-
lations after 6 months. In this RCT, only 35% of 
eligible people agreed to participate, and this may 
reduce the external validity of the study. A follow-
up questionnaire of adverse effects at 2 weeks [49] 
found that 30% of the 280 people who responded 
reported at least one minor adverse effect such as 
increased pain or headache associated with manip-
ulation and less commonly with mobilization. 
In the third RCT (70 patients with chronic neck 
pain) [50], patients received one manipulation or 
one mobilization with assessment before the ther-
apy and 5 minutes after treatment. Both groups 
showed significant improvement in pain and range 
of movement, but with a greater benefit for the 
manipulation group.
Mobilization versus exercise versus usual care: 
one RCT (183 people with neck pain for �2 weeks) 
[51] compared three 6-week courses of treatment 
with mobilization, exercise or usual care, with treat-
ment “success” being defined as “much improved” 
or “completely recovered.” The RCT found “success” 
to be significantly more common at 7 weeks with 
mobilization compared to exercise or usual care, but 
there was no difference between exercise and usual 
care. Long-term follow-up of this RCT [52] found 
that mobilization was still superior at 26 weeks, but 
not at 1 year.

Negative studies
Manipulation versus diazepam, anti-inflammatory 
drugs or usual care: one review [40] performed a 
meta-analysis of three RCTs (155 people with chronic 
neck and back pain) comparing manipulation to 
diazepam, anti-inflammatory drugs or usual care. 
It found no significant difference in improvement 

•
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in pain at 3 weeks between manipulation and other 
treatments, although all treatments improved pain. 
However, the meta-analysis may have been under-
powered to detect a clinically important difference. 
McKenzie mobilization versus general exercise ver-
sus placebo: one small low-quality RCT (77 people) 
[53] compared McKenzie mobilization, exercise and 
placebo, and found no significant difference in pain 
between the groups at 6 months and 12 months. 
Adverse events associated with manipulation: 
manipulation has been associated with occasional 
serious neurologic complications and the estimated 
risk from case reports of cerebrovascular accident is 
1–3/million manipulations [54], while the estimated 
risk of all serious adverse effects (such as death 
or disk herniation) is 5–10/10 million manipula-
tions [40].

3. Manual therapy plus exercise 
Two systematic reviews by the same Cochrane group 
reviewed exercise therapy [30] and manual therapy 
[41] in patients with nonspecific neck pain, neck pain 
with radiculopathy and whiplash, and found the best 
evidence of efficacy was for the combination of manual 
therapy (mobilization or manipulation) with exercise 
when compared with any other treatments. However, 
the review did not provide a subgroup analysis in peo-
ple with uncomplicated nonspecific neck pain. 

Positive study
Manipulation plus strengthening exercises versus 
either treatment alone: one RCT (191 people with 
chronic neck pain) [55] compared three treatments: 
low-technology strengthening exercises plus manipu-
lation (combined treatment), high-technology MedX 
strengthening exercises (exercise), and manipulation 
alone (manipulation). The RCT found that the com-
bined treatment significantly improved patient sat-
isfaction, objective strength, and range of movement 
(P � 0.05) compared with manipulation after 11 
weeks. The RCT also found that both the combined 
treatment and exercise significantly improved pain 
and patient satisfaction compared to manipulation 
after 1 year, although it found no significant difference 
among treatments in health status, neck disability or 
medication use. The 2-year follow-up to this RCT 
(data available for 76% of the original patients) [56] 
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found superior pain reduction for the combined treat-
ment or exercise groups compared to manipulation 
(P � 0.04).

Negative study
Manipulation, mobilization or shortwave dia-
thermy plus exercise and advice: one pragmatic 
multicenter RCT (350 patients with chronic neck 
pain) [57] found no benefit from the addition of 
manual therapy (63% had mobilization physiother-
apy) or pulsed shortwave diathermy to advice plus 
exercise at 6 weeks or 6 months. 

Therapies likely to be ineffective
1. Patient education alone
Two RCTs in people with chronic neck, back or shoul-
der pain found no significant benefit from patient 
education (individual advice, pamphlets or group 
instruction) with or without analgesics, stress man-
agement or cognitive behavioral therapy. 

Educational pamphlet versus more extensive infor-
mation versus cognitive behavioral therapy (CBT): 
the first RCT (243 people with neck and back pain) 
[58] compared three interventions: an educational 
pamphlet, a more extensive information program, 
and six sessions of CBT, and found no significant 
difference among treatments. However, post hoc 
analysis suggested that CBT significantly reduced 
time off work compared with an educational pam-
phlet (P � 0.05). 
Individualized education plus exercise program 
versus stress management versus no intervention: 
the second RCT (282 nurses with neck, shoulder or 
back pain in the preceding 12 months) [59] com-
pared three interventions: an individualized edu-
cation and exercise program, stress management, 
and no intervention. The RCT found no significant 
difference in pain among the groups immediately 
after treatment, or at 12 and 18 months.

2. Heat 
Systematic reviews [2, 27, 28] identified two RCTs 
suggesting that heat was less effective than other 
therapies in people with uncomplicated neck pain. 
One RCT of people with chronic neck and back pain 
[45] found that heat combined with other physical 

•
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treatment was less effective in improving outcomes 
than manipulation or mobilization (see “Manual 
therapy”). The second RCT [36] found infrared less 
effective when used alone than when combined with 
exercise or TENS (see “Exercise”).

Therapies of unknown effectiveness
1. Multimodal treatment
Systematic reviews [2, 60] identified two RCTs which 
provided insufficient evidence to assess the benefit or 
cost-effectiveness of multimodal treatment in people 
with uncomplicated neck pain. 

Multimodal treatment versus CBT versus mini-
mal treatment: one RCT (185 patients with non-
specific neck [87%] and/or back [91%] pain) [61] 
compared minimal therapy (advice to keep active), 
CBT (six sessions of structured CBT), and CBT 
plus physical therapy (same regimen as CBT group 
plus physical training). The RCT found that mini-
mal treatment significantly increased the risk of 
being off work for 15 or more days compared with 
CBT plus physical training. It found no significant 
difference in sick leave between CBT and CBT plus 
physical therapy. However, the RCT included peo-
ple with neck pain, back pain or both, and did not 
separately report results for those with neck pain 
alone. 
Different forms of multimodal therapy: the sec-
ond RCT (66 people with chronic neck and shoul-
der pain) [62] compared exercise plus behavioral 
modification (patient education and advice, with 
a psychologist acting as an advisor to other staff) 
to exercise plus CBT (with CBT administered by 
a psychologist). It found no significant difference 
between the interventions in pain or time off work 
after 6 months.

2. Traction
Systematic reviews [2, 27, 28, 63, 64] identified two 
RCTs comparing traction versus sham traction, pla-
cebo tablets, exercise, acupuncture, heat, collar, and 
analgesics. The RCTs found no consistent differ-
ence in pain between traction and any of the other 
interventions. 

3. Acupuncture
Systematic reviews [2, 27, 28, 65–67] identified 14 
RCTs comparing needle or laser acupuncture with 
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different control procedures (sham acupuncture, 
sham TENS, diazepam, traction, short-wave 
 diathermy, and mobilization) in people with acute 
or chronic neck pain. None of the reviews was able 
to perform a meta-analysis, and the RCTs found no 
consistent difference in pain between acupuncture 
and any of the other interventions. The quality of the 
studies was considered “disappointing.” 

4. Pulsed electromagnetic field treatment (PEMF)
Systematic reviews [2, 27, 28, 68] identified one RCT of 
moderate quality comparing PEMF versus sham PEMF 
in people with chronic neck pain. The RCT (81 peo-
ple with neck pain and 86 people with osteo-arthritis 
of the knee) [69] compared true to sham PEMF. 
Subgroup analysis in people with chronic neck pain 
found that PEMF significantly reduced pain (P � 0.04) 
and pain on passive motion (P � 0.03), compared with 
sham PEMF, but there was no difference in a range of 
other parameters. Although randomization was con-
ducted appropriately, baseline characteristics of treated 
and placebo groups were, by chance, different and it is 
not clear how much of the observed effect was caused 
by bias introduced by the baseline differences. 

5. Transcutaneous electrical nerve stimulation 
(TENS)
Systematic reviews [2, 27, 28, 68] identified one RCT 
[36] that found that TENS plus infrared was equally 
effective to infrared plus exercise, and superior to 
infrared alone at 6 weeks (see “Exercise”). 

6. Drug treatments (analgesics, NSAIDs or muscle 
relaxants, tricyclic antidepressants)
No systematic review or RCTs examining the effects 
of drug treatments in people with nonspecific neck 
pain were found.

7. Facet joint injection
Two systematic reviews [70, 71] found moder-
ate evidence of efficacy for facet joint block using 
medial branch blocks, but no evidence for cervical 
intra-articular facet joint blocks. One RCT of medial 
branch blocks of the facet joints (60 patients with 
facet joint disease confirmed by diagnostic medial 
branch block) were randomized to receive one of four 
preparations with the medial branch blocks: bupi-
vacaine alone, bupivacaine plus sarapin, bupivacaine 
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plus betamethasone, or all three agents together, with 
the same injections being repeated as required over 
the next year. Significant pain relief (�50%) and 
improved disability were observed in 80–87% of all 
patients at 3 months, 80–93% at 6 months and 87–
93% at 12 months, but with no difference between 
the treatment groups or patients who did or did not 
receive the steroid. The average number of treatments 
per patient was 3.8 �/�0.7 in the nonsteroid groups, 
and 3.4 �/�1.0 in the steroid groups, with no signifi-
cant difference among the groups [72]. 

8. Soft collars, special pillows, biofeedback, spray 
and stretch
There are no data on these measures in patients with 
nonspecific neck pain.

Neck pain with radiculopathy (see Box 8.2)

Therapies of unknown effectiveness
Neck pain with radiculopathy usually has a favorable 
prognosis without the need for surgical intervention, 
but there are very few studies looking at conserva-
tive approaches to therapy, like epidural injection 
or a comparison between conservative and surgical 
treatments.

1. Cervical epidural injection (interlaminar 
or transforaminal)
Systematic reviews [2, 73–75] identified two small 
poor-quality RCTs which provided insufficient evi-
dence on the effects of cervical epidural interlami-
nar steroid injections for radiculopathy complicating 
nonspecific neck pain. One RCT (40 patients with 
radiculopathy confirmed by MRI and diagnostic 
transforaminal block) had one transforaminal injec-
tion of either steroid or saline plus local anesthetic 
with weekly assessments for 3 weeks. Six of 20 patients 
in each group reported improvement at 3 weeks, with 
no difference between the groups for any parameter 
at any time [76]. Epidural injections are more inva-
sive in the cervical than lumbar region, and need to 
be used with caution. Complications, such as infec-
tion or abscess formation, have been documented fol-
lowing the procedure [73]. 

Cervical epidural versus posterior neck muscle 
injection of steroid plus lidocaine: the first RCT 

•

(52 people with chronic cervical brachialgia) [77] 
compared cervical epidural steroid plus lidocaine 
injection to similar injection into the posterior neck 
muscles, and found that more people receiving the 
epidural injections had reduced pain at 1 year (68% 
with epidural versus 12% with control), although 
the significance was not reported. 
Epidural steroid plus lidocaine versus epidural ster-
oid plus lidocaine plus oral morphine: the second 
RCT (24 people with cervical radiculopathy for �1 
year) [78] found similar success rates over 1 year for 
epidural steroid (triamcinolone) alone or when used 
with oral morphine (78.5% with epidural alone ver-
sus 80% with epidural plus morphine).

2. Conservative versus surgical treatment
Systematic reviews [2, 79] identified one RCT (81 people 
with severe radicular symptoms for at least 3 months) 
[80] comparing three interventions: surgery, physical 
treatments, and immobilization. It found no significant 
difference among treatments in symptoms after 1 year. 

Treatment of acute whiplash to prevent 
chronic disability (see Box 8.3)
The studies of acute whiplash are included to see if 
early treatment can influence the development of pro-
longed disability. Although there is some evidence that 
early active interventions can reduce disability, the 
studies are insufficiently robust to confirm this [18]. 

Therapies likely to be effective
1. Early physiotherapy (mobilization and/or exercises) 
versus immobilization or less active treatment
Systematic reviews [2, 12, 18, 81] identified RCTs com-
paring early physiotherapy to less active treatments. 

Positive studies
Early mobilization versus immobilization in a col-
lar: three studies found early mobilization to be 
more effective than immobilization in a collar. The 
first RCT (61 people with acute whiplash) [82] com-
pared early mobilization versus immobilization in 
a collar plus rest for 14 days followed by gradual 
mobilization. It found that early mobilization signifi-
cantly improved pain and range of movement after 4 
and 8 weeks compared with immobilization plus less 
active treatment (P � 0.01). In the second RCT (97 

•
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people with acute whiplash) [83], there were early 
benefits in pain relief and improved movement with 
early mobilization compared with immobilization in 
a collar, but similar pain relief after 12 weeks (propor-
tion with neck pain: 2% with mobilization versus 16% 
with collar). The RCT did not assess the significance 
of the difference between the groups. In the third RCT 
(200 people treated within 48 hours of injury) [84], 
instruction on mobilization (2–5 physiotherapy vis-
its in the first week) was compared to immobilization 
with a soft collar. Mobilization significantly reduced 
the proportion of people with neck pain or disability 
at 6 weeks compared to those treated with a soft col-
lar. However, by 6 weeks, 36% of the collar group and 
15% of the exercise group had dropped out, and an 
intention-to-treat analysis was not carried out. 
Physical treatments versus advice on early mobili-
zation versus rest for 7–14 days followed by mobi-
lization: this RCT (247 people with acute whiplash) 
[85] compared three interventions: advice on early 
mobilization, physical treatments, or rest for 7–14 
days followed by gentle mobilization. All participants 
were given a soft collar and analgesics. Follow-up at 
2 years of 167 people responding to a questionnaire 
found that advice on early mobilization significantly 
reduced the proportion of people who still had symp-
toms compared with physical treatments or rest (P � 
0.02 for early mobilization versus other treatments). 
Immediate mobilization versus mobilization after 
96 hours delay versus rest plus a collar: one RCT 
(97 people with acute whiplash) [86] found that 
mobilization (home mobilization and exercise) sig-
nificantly improved pain compared with rest plus 
a collar (P � 0.001), but only if mobilization was 
started immediately after injury. If mobilization was 
delayed by more than 96 hours, there was no signifi-
cant difference between treatments after 6 months. 
However, a 3-year follow-up of this RCT [87] found 
that mobilization significantly reduced pain and 
sick leave (P � 0.05) compared with rest plus a neck 
collar, even if it was delayed for 2 weeks, although 
only people who had received active intervention 
within 96 hours had a total cervical range similar to 
matched controls. 

Negative study
Active physiotherapy versus GP care: this RCT (80 
patients with whiplash persisting to 4 weeks) [88] 
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compared active physiotherapy (exercise or mobiliza-
tion) to GP care, with both groups receiving advice on 
graded activity. There was substantial improvement in 
both groups over time, but no statistically significant 
differences between the two groups for pain, headache 
or work disability at 8, 12, 26 or 52 weeks. However, 
treatment was delayed for up to 4 weeks after the 
injury and this might have influenced the result.

Therapies of unknown effectiveness
1. Early return to normal activity 
Systematic reviews [2, 18, 81] identified one RCT 
(201 people with acute whiplash) [89] which com-
pared advice to “act as usual” versus immobilization 
plus 14 days’ sick leave. The RCT found that advice to 
“act as usual” significantly improved some symptoms 
(pain, neck stiffness, headache, poor memory and 
concentration) after 6 months compared with immo-
bilization. However, there was no difference in neck 
range or length of sick leave between the treatment 
groups. Furthermore, a similar proportion of people 
had severe neck pain after 6 months (11% with “act 
as usual” versus 15% with immobilization).

2. Early home exercise
Systematic reviews [2, 18, 29, 81] identified one RCT 
(59 people with acute whiplash) [90] which com-
pared two home exercise regimens: regular exercise 
versus the same exercise regimen plus isometric exer-
cises at least three times daily. The RCT found no sig-
nificant difference between treatments in disability or 
pain after 3 or 6 months.

3. Pulsed electromagnetic field treatment (PEMF)
Systematic reviews [2, 12, 18, 81] identified one small 
RCT (40 people with acute whiplash) [91] which com-
pared PEMF with sham PEMF, and found the active 
therapy significantly more effective after 4 weeks 
(P � 0.05), but not after 3 months. 

4. Multimodal treatment
Systematic reviews [2, 18, 81] identified one RCT (60 
people with whiplash in the previous 2 months) [92] 
which compared multimodal treatment (postural 
training, psychologic support, eye fixation exercises, 
and manual treatment) with physical treatments. The 
RCT found that multimodal treatment significantly 
reduced pain by the end of treatment (P � 0.05) and 



Chapter 8

92

after 1 and 6 months (P � 0.001) compared with phys-
ical treatments. There was a similar benefit for time to 
return to work. Further study is necessary to determine 
if multimodal treatment is a cost-effective approach.

5. Drug treatments (analgesics, NSAIDs, 
antidepressant drugs, muscle relaxants)
Systematic reviews [2, 12, 18] identified no studies 
of efficacy of drug therapies in acute whiplash. One 
RCT (40 patients with acute whiplash of less than 8 
hours) treated with IV methylprednisolone or pla-
cebo led to a significant reduction in pain at 1 week 
and less sick leave for the steroid-treated group com-
pared to placebo, but this benefit was not sustained 
to 6 months [93].

Treatment of chronic whiplash (see Box 8.3)
Few RCTs have considered treatment for chronic 
whiplash, but many of these people are included in 
RCTs of chronic nonspecific neck pain. 

Therapies of unknown effectiveness
1. Percutaneous radiofrequency neurotomy

Percutaneous radiofrequency neurotomy versus 
sham treatment: systematic reviews [2, 73, 81, 94] 
identified one small RCT (24 people with chronic 
whiplash) [5], which found that radiofrequency 
neurotomy significantly increased the proportion 
of people who were free from pain compared with 
sham treatment after 27 weeks (58% with active 
treatment versus 8% with sham treatment). The 
neurotomy also significantly increased the pain-
free period (median time for more than half of the 
pain to return – 263 days with neurotomy versus 
8 days with sham treatment; P � 0.04). Although 
this high-quality RCT suggested benefits from this 
therapy, the trial was very small and there is no 
supporting evidence of efficacy.

2. Physical and multimodal treatment
Multimodal treatment versus physical treatment: 
systematic reviews [2, 81] identified one RCT (33 
people with chronic whiplash) [95], which com-
pared physical treatments alone with multimodal 
treatment and found no significant difference 
between treatments in pain, disability or range of 
movement at the end of treatment or at 3 months. 
However, significantly more people treated with 
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multimodal treatment were satisfied with pain 
control at the end of treatment and their ability to 
perform activities at 3 months (P � 0.05).
Exercise plus advice versus advice alone: one RCT 
(134 patients with whiplash of 3–12 months’ dura-
tion) compared three advice sessions to exercise (12 
sessions over 6 weeks) plus advice. Exercise resulted 
in a significant benefit at 6 weeks, but not at 12 
months. Exercise was more effective for patients with 
higher pain scores. However, 56% of advice patients 
and 29% of exercise patients sought further treat-
ment between 6 weeks and 12 months, and could 
have biased the results [96].

Future research

The lack of consistency in study design, patient pop-
ulation, outcome measures and durations of follow-
up and the use of multiple interventions in the same 
study complicate comparison between studies. Large 
well-designed randomized prospective studies using 
standardized protocols should clarify efficacy and 
cost-effectiveness of individual treatment modalities. 

The benefit of most therapeutic interventions for 
nonspecific neck pain is small, and many patients 
improve with limited or even no treatment [97]. It is 
therefore important that future studies set predeter-
mined minimum differences, which are considered to 
be clinically relevant. This approach should avoid the 
current difficulty that many studies, while showing 
statistically significant differences in outcome, may 
have little clinical importance. 

If patient groups are more homogeneous, meta-
analyses may be possible to provide more robust 
guidance on cost-effective approaches to therapy for 
specific patient groups. 

Discussion

Nonspecific neck pain including whiplash is a very 
common cause of disability, and places a heavy 
 burden on individuals, employers and society. 
However, there are many aspects regarding etio-
pathogenesis and treatment which remain poorly 
understood. Furthermore, if the factors that influ-
ence the progression from acute to chronic pain were 
better understood, it might be possible to reduce the 
frequency and severity of chronic disability for both 
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whiplash and other causes of nonspecific neck pain. 
Most studies of acute neck pain are in patients follow-
ing whiplash injury, and it is not clear if the findings 
from those studies can be generalized to neck pain 
from nontraumatic causes. 

There have been some higher quality randomized 
controlled trials of therapy in patients with nonspe-
cific neck pain, which suggest that exercise [32, 33] 
and manual therapy (mobilization physiotherapy 
or manipulation) [45, 46, 48] are the treatments of 
choice, and are more effective than less active therapies, 
but the relative cost-effectiveness of these modalities 
has not been studied. One high-quality study suggests 
additional benefits if exercise is used in combination 
with mobilization or manipulation [55, 56], and this 
approach has been advocated by a Cochrane systematic 
review group [30, 41] but needs further study. 

Cervical radiculopathy usually has a favorable out-
come, and there is increasing interest in conservative 
approaches. However, there have only been a few poor-
quality studies of epidural injection [77, 78] or con-
servative approaches [80] and further study is required. 

There is some evidence that early mobilization can 
influence outcome following whiplash injury [82–86] 
but a recent systematic review that included 23 stud-
ies (2344 participants) questioned the quality of the 
data and robustness of the evidence for early active 
interventions [18]. Whether there is a window of 
opportunity for preventing chronic pain in patients 
with traumatic and nontraumatic neck pain remains 
uncertain.

Many commonly used first-line strategies such as 
analgesic, anti-inflammatory agents, tricyclic antide-
pressants, reduction in the number of pillows, stress 
management, and postural advice have not been stud-
ied but remain mainstays of treatment. Other modali-
ties such as acupuncture, traction, electrotherapy, and 
psychotherapy are of uncertain value and also need 
further study [2]. 

Author recommendation: 
a pragmatic approach to the 
treatment of nonspecific neck 
pain, including untested measures 

It is not currently possible to treat neck pain solely 
on the basis of proven evidence-based measures, as 
many aspects of therapy have not been adequately 

tested. While exercise, mobilization, and manipu-
lation are mainstays of therapy, any regime must 
address postural factors identified in individual 
patients. Reduction in the number of pillows at night 
is often important, but there is no evidence to sug-
gest that “special” pillows justify the additional cost. 
Stress management, yoga, Pilates and the Alexander 
Technique all improve neck posture and are useful, 
but require further study. 

Low-dose tricyclic antidepressants seem to be more 
effective than simple analgesics or anti-inflammatory 
drugs in reducing pain, particularly at night, but have 
not been subjected to controlled study.

Comment

I have outlined the evidence for commonly used ther-
apeutic modalities used to treat nonspecific neck pain 
with or without radiculopathy, and following whip-
lash injury, highlighted the shortcomings of the stud-
ies presented and the current state of our knowledge. 
As the studies are so disparate, meta-analyses were not 
possible, and I have presented the individual studies. 
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CHAPTER 9

Pain associated with osteo-arthritis

David L. Scott
Department of Rheumatology and Weston Education Centre, Kings College London School of Medicine, London, UK

Background

Pathophysiology
Osteo-arthritis involves joint cartilage, subchondral 
bone and synovium. It is characterized by loss of 
articular cartilage, new bone formation both subchon-
drally and at the joint margins, and variable amounts 
of synovial inflammation. Its clinical features com-
prise pain, stiffness, bony joint swelling and reduced 
joint movement. With time, these impair quality of 
life. The eventual outcome of osteo-arthritis is joint 
failure [1, 2].

Osteo-arthritis is mechanically driven and chemi-
cally mediated. It involves attempted but aberrant 
repair of the joint cartilage. In the early stages there 
is an imbalance between the destructive and repara-
tive processes in articular cartilage. Its development is 
linked with a range of genetic, environmental, meta-
bolic and biochemical factors. So far, the search for 
a single identifiable cause of osteo-arthritis has not 
been fruitful, and many believe it is a family of disor-
ders and not a single disease entity.

In early osteo-arthritis a number of “triggering 
factors” activate the division and multiplication of 
chondrocytes. The most important trigger is exces-
sive force. As a consequence, the chondrocytes mul-
tiply and become metabolically active. Initially the 
chondrocytes produce increased amounts of prote-
oglycans and collagen. However, these overproduced 
proteoglycans are immature. Over time the collagen 
fibers are altered and the proteoglycans break down 

faster than they are synthesized. The decreased prote-
oglycan content and altered collagen matrix result in 
deterioration in the physiologic features of cartilage.

The early stages of cartilage damage are character-
ized by microfractures and fibrillations. With time 
there is gross damage to articular cartilage. The ini-
tially smooth surface of the cartilage becomes rough 
and eroded with cracks. It often shows ulceration. 
Many of these early cartilage changes are mediated by 
proteolytic enzymes, in particular metalloproteases. 
Key roles are played by collagenase, which is respon-
sible for collagen degradation, and stromelysin, which 
is responsible for proteoglycan degradation.

Changes in the cartilage matrix are accompanied 
by synovial inflammation, with the involvement of a 
range of inflammatory mediators. Proinflammatory 
cytokines, such as tumor necrosis factor α, are impor-
tant, though there is a balance between cytokine-
driven anabolic and catabolic processes. A range 
of cytokines have been implicated, including inter-
leukin-1 and interleukin-6.

Many other small molecular mediators are involved 
in the development of osteo-arthritis. Examples 
include nitric oxide, which is involved in many 
inflammatory conditions in which there are vascular 
changes, and a range of prostaglandins. These small 
mediators not only regulate cytokines but also result 
in pain and inflammation and changes in blood 
vessels. 

Classification
Osteo-arthritis can be classified based on its symp-
toms, findings on examination and radiographic 
assessment. In most patients there is not a discrete 
onset, there are no specific laboratory abnormalities 
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and no pathognomonic features. Osteo-arthritis cov-
ers a broad spectrum of clinical features. Consequently 
both its classification and epidemiology are highly 
varied. 

Osteo-arthritis can be classified by the joints 
involved (such as knee or hip), and by whether it is 
primary or secondary related to metabolic, anatomic, 
traumatic or inflammatory conditions. Primary gen-
eralized osteo-arthritis is a recognised subtype in 
which there is involvement of the distal and proximal 
interphalangeal joints of the hand, the first carpomet-
acarpal joint, knees, hips and the metatarsophalangeal 
joints. Most patients have a less well-defined pattern.

The American College of Rheumatology has devel-
oped classification criteria for knee osteo-arthritis 
[3]. These criteria, which depend on expert physical 
examination and X-rays, are used in reporting clinical 
trials but are rarely applied in epidemiological studies 
or used in everyday clinical practice. 

Epidemiology
In epidemiological studies, osteo-arthritis is most 
commonly defined by radiological criteria. However, 
many patients with radiographically defined changes 
in the knee have no symptoms. Radiographic crite-
ria proposed by Kellgren and Lawrence over 40 years 
ago remain the principal method for defining osteo-
arthritis. An alternative approach is to assess the fre-
quency of knee pain in later life, usually considered 
as over 55 or 60 years of age. Osteo-arthritis is found 
at some sites in most people older than 65 years, and 
over 80% of those over the age of 75 years. 

Autopsy studies show pathological features of 
osteo-arthritis are very common. Almost everyone 
over the age of 65 years will have autopsy evidence 
of cartilage damage. Cartilage erosions, subchondral 
bone changes and osteophytes in the knees are seen 
in over 60% of people who die in their seventh and 
eighth decades. 

A North American study – the National Health 
and Nutrition Examination Survey – reported that 
knee osteo-arthritis is rare (0.1%) in people aged 
25–34. It rises to over 30% in those aged 75 years or 
older [4]. Another large North American study – the 
Framingham Study – found the prevalence of knee 
osteo-arthritis was 30% among those aged 65–74 
years. The prevalence of radiographic osteo-arthritis 
rises steeply with age [5]. Overall population-based 

studies in the USA and Europe show about 1% of 
the population have knee osteo-arthritis under 35 
years of age and this rises to over 30% above the age 
of 75 years. 

The natural history of osteo-arthritis of the knee 
is not well characterized. A substantial number of 
patients show radiological progression and up to 25% 
of osteo-arthritic knees with initially normal joint 
space show major damage after 10 years. However, 
there is no close relationship between X-ray progres-
sion and clinical features. People with osteo-arthritis 
requiring specialist referral usually have bad out-
comes with high levels of physical disability. The 
extent to which this reflects the disease itself or asso-
ciated co-morbidities is debatable.

Risk factors
Age is the dominant risk factor for osteo-arthritis, 
and in many ways the disorder can be viewed as an 
inevitability of aging. Sex is also important; about 
twice as many women get osteo-arthritis, mainly after 
the menopause. Whether this increased incidence 
is due to specific hormonal factors remains uncer-
tain. Overall, there is limited evidence to suggest 
that female sex hormones have a definite effect on 
osteo-arthritis.

Osteo-arthritis runs in families, particularly gener-
alized osteo-arthritis. There is less genetic involvement 
in knee than hand osteo-arthritis. Candidate genes for 
osteo-arthritis include the vitamin D receptor gene, 
insulin-like growth factor 1 genes, cartilage oligomeric 

protein genes, and the HLA region. It seems likely that 
genes affecting osteo-arthritis will influence its occur-
rence in many joints. Along with these genetic risks 
are racial differences in the development of the dis-
ease. For example, in North America the frequency of 
osteo-arthritis is higher in black women. 

Weight is a very important risk factor for knee 
osteo-arthritis. It is thought that overloading knee 
joints leads to cartilage breakdown and failure of 
ligamentous and other structural support. The effect 
of weight on osteo-arthritis is particularly impor-
tant because obesity is a serious and growing public 
health problem in the Western world. In persons who 
are overweight, weight loss can reduce the risk for 
osteo-arthritis. 

Some occupations increase the risk of osteo-arthri-
tis. For example, heavy physical labor, especially  lifting, 
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may increase the risk of developing osteo-arthritis of 
the knee, as can kneeling and squatting. Some sports, 
especially high-impact sports, also increase the risk 
of osteo-arthritis. Participation in some competitive 
sports is associated with the subsequent development 
of knee osteo-arthritis. However, moderate regular 
running has low, if any, risk. Sports that increase risks 
are those that demand high- intensity, acute, direct 
joint impact as a result of contact with other par-
ticipants, playing surfaces or equipment, for example 
injuries to the knees of soccer players. 

Finally, there is incomplete evidence that continuous 
exposure to oxidants contributes to the development 
of osteo-arthritis as well as other common age-related 
diseases. As micronutrient antioxidants provide defense 
against tissue injury, high dietary intake of such micro-
nutrients might protect against osteo-arthritis, though 
the evidence for this is incomplete. 

Interventions 

Assessing benefit in osteo-arthritis
The primary goals of treatment are reducing pain, 
stiffness and disability. Associated aims are to improve 
the quality of life and ensure adverse effects are mini-
mal. All treatments achieve these goals to a greater or 
lesser extent. A long-term goal is to reduce progressive 
joint damage, though no treatment yet achieves this. 

The medical management of pain in osteo-
arthritis is by definition nonsurgical. However, it is 
important to appreciate that surgical intervention 
in osteo-arthritis can be particularly important in 
overcoming pain as well as having positive effects 
in reducing disability and specifically improving 
mobility. Joint replacement surgery is particularly 
effective, but it lies outside the themes explored in 
this review. 

Most trials use simple assessments of pain and dis-
ability. Pain is recorded using visual analog scales or 
five-point Likert scales. Pain can be recorded globally 
or in specific situations such as at rest or during exer-
cise. There are also specific scales that record pain, 
stiffness and function in osteo-arthritis; the most 
widely used is the Western Ontario and McMaster 
Osteo-Arthritis (WOMAC) Scale [6].

As virtually all trials assess global pain, changes in 
this measure are the focus of the treatment reviews 
that follow. The benefit of this assessment has been 
counterbalanced by an assessment of adverse events. 
In all cases the most recent systematic review has been 
the basis for judging efficacy. In some situations effi-
cacy and adverse events have been assessed separately, 
for example with oral nonsteroidal anti-inflammatory 
drugs (NSAIDs). This is because no single review 
examines both. The overall benefits of effective treat-
ments are summarized in Table 9.1.

Table 9.1 Strength of evidence for treatments in knee osteo-arthritis: largest systematic reviews compared for 
effective treatments

Treatment Placebo-controlled 
trials

Patients Effectiveness Adverse effects Overall value

Paracetamol 7 1966 SMD –0.13 Minimal Low efficacy 
compensated by few 
adverse effects

Oral NSAID/COXIBs 23 10,845 Pooled effect size 
0.32

Multiple serious 
adverse effects

Efficacy limited by high 
rates of adverse effects

Local NSAIDs 7 976 Pooled effect size 
0.41

Minimal Efficacy only in short term

Opioids 18 4856 Pooled effect size 
0.79

Multiple 
unpleasant 
adverse effects

Efficacy limited by high 
rates of adverse effects

Local steroid 
injections

28 1973 Mean weighted 
difference 21.9

Uncommon Efficacy only in short term

Hyaluronic acid 
injections

40 2542 Mean weighted 
difference 9.0

Uncommon Sustained efficacy but 
limited by need for 
repeated injections



Chapter 9

100

Interventions supported by evidence

Simple analgesia with paracetamol
Paracetamol is the most commonly used analgesic.
A single 1000 mg dose of paracetamol provides �50% 
pain relief over 4–6 hours in moderate or severe pain 
compared with placebo. There are virtually no con-
traindications, significant drug–drug interactions or 
side effects at the recommended dosage. It is well 
 tolerated by patients with peptic ulcers. Despite many 
years of use, the mechanism of action of paraceta-
mol is not well understood. It may be centrally active, 
producing analgesia by elevating the pain threshold 
through prostaglandin synthetase inhibition in the 
hypothalamus. At therapeutic dosages it does not 
inhibit prostaglandin synthetase in peripheral tissues, 
so has no anti-inflammatory activity.

A systematic review (seven randomized control-
led trials (RCTs), 1966 people with osteo-arthritis) 
[7] compared paracetamol with placebo. Five of 
the RCTs reviewed reported that paracetamol was 
superior to placebo. Two showed no benefit of para-
cetamol over placebo. Overall, paracetamol was sig-
nificantly better than placebo in several assessments 
of pain including pain response, pain on motion, and 
overall pain, and also physician and patient global 
assessment. Dichotomous outcomes were recorded in 
a single study and the number needed to treat (NNT) 
for a pain response was 4 (95% confidence interval 
(CI) 2–24) and for an improvement in patient glo-
bal assessment was 2 (95% CI 2–13). Overall pain, 
recorded as a continuous variable in five studies, 
showed a standard mean difference (SMD) of �0.13 
(95% CI �0.22 to �0.04) with a NNT of 16.

In terms of toxicity, the total number of patients 
reporting any adverse event, the relative risk of para-
cetamol to placebo was 1.02 (95% CI 0.89–1.17). For
the toxicity outcome of total number of withdrawals due
to toxicity, the relative risk was 1.24 (95% CI 0.87–1.77). 
Consequently, there were no significant differences in 
toxicity between paracetamol and placebo in these trials. 

The overall assessment of paracetamol is that it is 
beneficial, with a favorable ratio of benefits to risks. 
However, its effect is minor and therefore only a small 
number of patients will wish to take it. It has one spe-
cific disadvantage: it needs to be taken in substantial 
amounts on a regular basis and most patients are 
reluctant to take 1 g paracetamol four times daily.

Opioid analgesics
Opioid analgesics, particularly mild opioids, have 
been widely suggested to be both effective and rela-
tively safe for treating moderate to severe osteo-
arthritis that does not respond to first-line treatment. 
The effects are mainly mediated centrally by changing 
pain perceptions in the brain. There is some evidence 
for peripheral effects of opioids in arthritis. The dis-
advantage of opioids is their significant adverse effects 
including both gastrointestinal problems like nausea 
and central problems like drowsiness. 

A systematic review (18 RCTs, 4856 people with 
osteo-arthritis) [8] compared opioid analgesics with 
placebo. The opioids included oxycodone, fentanyl and 
morphine, tramadol, tramadol with paracetamol, and 
codeine. The pooled effect sizes of all opioids com-
pared to placebo on pain intensity was −0.79 (95% CI 
−0.98 to −0.59). The heterogeneity of these trials was 
substantial; however, there was no evidence to suggest 
that the conclusions differed for type of opioid, the 
way in which pain was measured and the methodo-
logic quality of the study. The most frequent adverse 
events with opioids were nausea, constipation, dizzi-
ness, somnolence and vomiting. The average treatment 
discontinuation rate for toxicity was 25% with opioids 
and 7% with placebos. The number needed to harm 
(NNH) for all opioids compared to placebo was 5; for 
strong and weak opioids it was 4 and 9, respectively.

Another systematic review specifically evaluated 
tramadol and tramadol and paracetamol combina-
tions (11 RCTs, 1939 people with osteo-arthritis) 
[9]. Three trials included placebo controls and they 
showed a weighted mean difference in favor of trama-
dol of �8.5 (95% CI �12.1 to �4.9). Two placebo-
controlled studies reported data on pain relief from 
216 participants who received active treatment and 
218 participants who received placebo, and showed 
that tramadol increased by 53% the likelihood of a 
moderate improvement compared to placebo. This 
improvement was equivalent to a number needed to 
benefit of 8 (95% CI 5–25). Common adverse events 
with tramadol included vomiting, dizziness, constipa-
tion, somnolence, tiredness and headache. In placebo-
controlled trials minor adverse events occurred 2.2 
times more often with tramadol, and the NNH was 
5 (95% CI 4–7). For adverse events that were severe 
enough for treatment to be withdrawn, the NNH was 
8 (95% CI 7–12). 
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Oral NSAIDs
Nonsteroidal anti-inflammatory drugs are a diverse 
group. Their name distinguishes them from anti-
inflammatory steroids (glucocorticoids) and non-
narcotic analgesics. NSAIDs are one of the most 
frequently used groups of drugs overall, although 
their benefits must be set against significant, some-
times fatal, gastrointestinal and renal toxicity and also 
the recently described cardiovascular risks with cyclo-
oxygenase-2 (COX-2) inhibitors. 

COX was originally purified in the 1970s. By 1990 
it was realized that the enzyme had two isoforms. 
The COX-1 isoform is responsible for the produc-
tion of “housekeeping” prostaglandins critical for 
normal renal function, gastric mucosal integrity 
and vascular hemostasis. By contrast, COX-2 is an 
inducible enzyme. It is upregulated in macrophages, 
monocytes and other inflammatory cells by various 
stimuli including IL-1 and other cytokines. NSAIDs 
can be classified according to their relative effect on 
COX-1 and COX-2. Generally, the risk of gastrointes-
tinal adverse effects is reduced with increasing COX-2 
selectivity. However, other factors are involved in the 
causation of gastrointestinal toxicity because, para-
doxically, certain NSAIDs that are relatively COX-2 
selective have been associated with a higher incidence 
of gastrointestinal adverse events. NSAIDs have many 
actions other than their effect on COX. These include 
uncoupling oxidative phosphorylation; inhibiting 
lysosomal enzyme release; inhibiting complement 
activation; antagonizing the generation of activity in 
kinins; inhibiting free radicals. 

The most recent large systematic review of efficacy 
of oral NSAIDs compared them against placebo (23 
trials, 10,845 people with osteo-arthritis) [10]. This 
review found that NSAIDs significantly reduced pain 
compared with placebo. The pooled effect size for a 
reduction in pain was 0.32 (95% CI 0.24–0.39). Those 
trials that used short durations of treatment of less 
than 6 weeks showed no difference in effect sizes for 
reduced pain.

The disadvantage of conventional oral NSAIDs 
(such as ibuprofen, naproxen and diclofenac) and 
newer COX-2 specific drugs, which have been termed 
COXIBs (such as celecoxib, lumiracoxib and etori-
coxib) is their propensity to cause adverse effects. 
These include upper gastrointestinal ulcers and 
bleeding, small bowel problems, cardiac problems 

such as myocardial infarction and renal problems. 
Older conventional NSAIDs had a substantial risk of 
upper gastrointestinal adverse events, many of which 
were serious, and the newer COXIBs such as celecoxib 
reduced these significantly. However, COXIBs have 
resulted in other problems, particularly the onset of 
myocardial infarctions when used for prolonged peri-
ods of time at high dosages. The older clinical tri-
als were short term and did not investigate cardiac 
risks in detail. However, recent trials of COXIBs have 
almost entirely used conventional NSAIDs as com-
parators. Consequently it is difficult to estimate the 
overall risks of conventional NSAIDs and COXIBs. 

In a long-term randomized trial lasting up to
4 years, 61–63% of patients receiving oral NSAIDs 
and 50% of those receiving placebo reported adverse 
events [11]. One systematic review evaluated the abil-
ity of COXIBs and other gastroprotective strategies 
with conventional NSAIDs to reduce upper gastroin-
testinal risks [12]. There was strong evidence that 
COXIBs, in comparison to conventional NSAIDs, 
reduce events by about 50% in meta- analyses of ran-
domized trials (52, 474 patients) and large obser-
vational studies in clinical practice (3093 bleeding 
events). Evidence on the efficacy of NSAIDs plus 
gastroprotection with acid suppressants (proton 
pump inhibitors and histamine antagonists), based 
on the surrogate measure of endoscopic ulcers, sug-
gested that NSAIDs with added protection was more 
damaging than COXIBs. Another systematic review 
evaluated thrombotic cardiovascular adverse events 
[13] and reported that in placebo studies, COXIBs 
gave a 42% relative increase in the incidence of seri-
ous vascular events, which was chiefly attributable to 
an increased risk of myocardial infarction. Overall, 
the incidence of serious vascular events was similar 
between a selective COX-2 inhibitor and any tradi-
tional NSAIDs (1.0%/year versus 0.9%/year). 

Topical NSAIDs
Two systematic reviews have compared topical NSAIDs 
with placebo. The first systematic review (seven RCTs, 
976 people with osteo-arthritis) [14] found that topi-
cal NSAIDs significantly reduced pain compared with 
placebo in weeks 1 and 2 (effect size 0.41, 95% CI 
0.18–0.63) but not in weeks 3 and 4 (effect size �0.08, 
95% CI �0.04 to �0.2. The second systematic review 
(three RCTs, 790 people with osteo-arthritis) [15]
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evaluated trials involving topical diclofenac. Compared 
with placebo, topical diclofenac significantly reduced 
pain scores with a standardized mean difference –0.33 
(95% CI –0.48 to –0.18). The main adverse effect 
of topical treatment is local skin irritation; systemic 
adverse effects were no more common than with 
placebo. 

Corticosteroid injections
Local steroids have been widely used for almost
50 years in arthritis. A number of formulations are 
available including hydrocortisone and methylpred-
nisolone; most clinicians favor longer-acting steroids 
such as methylprednisolone. 

One systematic review (28 RCTs, 1973 people with 
osteo-arthritis) compared intra-articular corticoster-
oids with placebo and other treatments [16]. It found 
that intra-articular corticosteroids significantly 
reduced pain at 1 week compared with placebo; the 
weighted mean difference was –21.9 (95% CI –29.9 
to –13.9). There was some evidence of benefit at 2 
and 3 weeks but no evidence for a sustained effect 
beyond 4 weeks. Adverse effects are uncommon; 
symptom flare, tissue atrophy, fat necrosis, calcifica-
tion and vascular necrosis have all been reported and 
there is a theoretical risk of infection but virtually no 
evidence that it is a relevant issue.

Hyaluronic acid injections
Hyaluronic acids are large glucosaminoglycans in 
synovial fluid. They have high but variable molecu-
lar weight and viscosity. The reason why they may 
improve knee osteo-arthritis is uncertain and a 
number of mechanisms have been suggested, includ-
ing providing lubrication and shock absorption. The 
usual source is avian and there may be some protein 
contamination that can cause allergic reactions. Some 
products are produced from bacterial sources and so 
avoid this potential problem. The degree of cross-
linking of the hyaluronic acid is variable. Usually 
3–5 weekly injections comprise a course of treatment. 
Recent research is aiming to reduce this to a single 
injection. 

Two systematic reviews have compared various 
formulations of hyaluronic acid to placebo. The first 
systematic review (40 trials, 2542 people with osteo-
arthritis) compared intra-articular hyaluronan and 
hyaluronan derivatives with placebo [17]. Hyaluronan 

significantly improved pain compared to placebo for 
up to 6 months post injection. The weighted mean dif-
ference in the first 3 months after injection was –7.7 
(95% CI –11.3 to –4.1). In the second 3 months after 
injection the weighted mean difference in pain was –9.0 
(95% CI –14.8 to –3.2). The second systematic review 
(11 RCTs, 1443 people with osteo-arthritis) compared 
hyaluronan injection with placebo [18]. It showed that 
hyaluronic acid injections were moderately effective 
in relieving knee pain in patients with osteo-arthritis 
up to 10 weeks post injection, but not thereafter. Local 
skin reactions are reported with hyaluronic acid prepa-
rations but there is no evidence of a significant increase 
compared to placebo treatment.

Interventions refuted by evidence

Antioxidant vitamin and selenium 
supplements
One systematic review evaluated antioxidants (nine 
trials, 567 patients) [19]. Seven trials examined vita-
min E and other trials examined selenium ACE, 
vitamin A and vitamin C. The authors found no con-
vincing evidence that selenium, vitamin A, vitamin C 
or the combination product selenium ACE was effec-
tive in the treatment of osteo-arthritis.

Other alternative treatments
A detailed recent systematic review of alternative 
treatments in osteo-arthritis [20] found no evidence 
to support the use of homeopathy, magnet therapy, 
tai chi, leech therapy, music therapy, yoga, imagery 
and therapeutic touch. For these various treatments 
the evidence was weak and contradictory. 

Commonly used interventions currently 
unproven

Glucosamine
Glucosamine is a sugar, a sulfated amino-monosac-
charide. It is one constituent of the disaccharide units 
in cartilage proteoglycans. Experimentally it can alter 

chondrocyte metabolism, and this was part of the 
rationale underlying its clinical use, though whether 
or not oral glucosamine reaches chondrocytes in the 
joint is uncertain. Its classification as a drug, food 
supplement, nutriceutical or complementary therapy 
is debatable.
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One systematic review of glucosamine (15 trials, 2613 
people with osteo-arthritis) found that glucosamine 
hydrochloride was not effective, but there was some evi-
dence supporting the use of glucosamine sulfate [21]. 
The pooled effect size of glucosamine hydrochloride on 
pain was 0.06 (95% CI –0.08 to +0.20) and the pooled 
effect size of glucosamine sulfate on pain was 0.44 (95% 
CI 0.18–0.70). However, there was considerable hetero-
geneity amongst trials and therefore the overall impact 
of glucosamine was uncertain. 

Adverse reactions to glucosamine sulfate were eval-
uated in an earlier systematic review of 12 trials; only 
seven of 1486 patients receiving glucosamine sulfate 
were withdrawn for glucosamine-related toxicity and 
only 48 reported any glucosamine-related adverse 
reactions [22].

Chondroitin
Chondroitin is a glycosaminoglycan that is found in 
the proteoglycans of articular cartilage. It is an ingre-
dient found commonly in dietary supplements used 
to treat osteo-arthritis. It is commonly combined 
with glucosamine. Most chondroitin is made from 
extracts of cartilaginous cow and pig tissues; other 
sources such as shark cartilage are also used. Since 
chondroitin is not a uniform substance, and is natu-
rally present in a wide variety of forms, the composi-
tion of each supplement varies. Only a minority of 
chondroitin taken by mouth is absorbed. 

One systematic review of chondroitin (20 trials, 
3846 people with osteo-arthritis) found the symp-
tomatic benefit of chondroitin is minimal or nonex-
istent [23]. The initial meta-analysis showed a large 
effect size on pain of –0.75 (95% CI –0.99 to –0.50). 
However, there was not only a substantial degree 
of heterogeneity between trials but the results also 
showed that the benefit of chondroitin was high 
in early trials and fell to nonexistent in larger, more 
recent trials. Overall, the authors dismissed its impact 
as being not clinically relevant. The overall risk of 
adverse events was small; the pooled relative risk was 
0.99 (95% CI 0.76–1.31). 

Herbal treatments
Hundreds of herbal remedies are used for osteo-
arthritis, but very few have any evidence supporting 
their use. A review of systematic reviews in this area 
[24], using data from two systematic reviews [25, 26], 

concluded there was some evidence to support the use 
of avocado/soybean unsaponifiables, topical capsai-
cin, and devil’s claw. For example, an analysis of three 
trials involving capsaicin showed that the odds ratio 
favoring capsaicin affecting pain was 4.36. However, 
the numbers of trials and their size were insufficient 
to determine a definite benefit from any of these spe-
cific herbal treatments. 

Comparison of treatments
The short-term effects of different treatments for 
osteo-arthritis have been compared in a single sys-
tematic review of placebo-controlled trials (63  trials, 
14,060 people with osteo-arthritis) [27]. Opioids and 
oral NSAID therapy in patients with moderate to 
severe pain had maximum efficacies compared to pla-
cebo at 2–4 weeks with improvements in 100 mm vis-
ual analog pain scores of 10.5 mm (95% CI 7.4–13.7) 
and 10.2 mm (95% CI 8.8–11.2) respectively. There 
was some evidence that the efficacy of opioids was 
inflated by high withdrawal rates and “‘best-case”’ 
scenarios reported in intention-to treat analyses. By 
comparison, intra-articular  steroid injections and 
topical NSAIDs had maximum efficacies at 1–3 weeks 
of 14.5 mm (95% CI 9.7–19.2) and 11.6 mm (95% 
CI 7.4–15.7), respectively. Paracetamol, glucosamine 
sulfate and chondroitin sulfate had maximum mean 
efficacies of 4.7 mm or less. These effects are summa-
rized in Figure 9.1. The benefits of treatments other 
than NSAIDs, opioids and local steroids appear highly 
questionable in the short term. 

Future research to improve 
management of pain in 
osteo-arthritis

Ideally we need new drugs that are more effective in 
controlling pain in osteo-arthritis. The problem with 
this goal is that very few such treatments have been 
introduced over the last 25 years, with the excep-
tion of new NSAIDs, including the COXIBs. There 
have been some improvements in how conventional 
drugs are delivered, particularly focusing on transder-
mal routes of administration which reduce adverse 
events. However, given the size of the problem, these 
advances have been disappointingly small. 

One innovation that in the medium term may 
improve pain control is the imaging of pain using 
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functional magnetic resonance imaging (fMRI). The 
approach has been applied to chronic pain because, 
unlike in acute pain, the central nervous system (CNS) 
is involved through pain centralization. The resulting 
neural activity causes changes in capillary blood flow 
which can be visualized by fMRI. Positron emission 
tomography and fMRI studies using experimental pain 
models in arthritis and other conditions have dem-
onstrated the existence of the CNS pain matrix – the 
changes in CNS activity which accompany chronic 
pain. fMRI has helped to define the neurobiology of 
acupuncture and has been used to assess fibromyal-
gic pain, chronic back pain and response to NSAIDs 
in arthritis. Borsook & Becerra [28] believe fMRI may 
revolutionize the understanding of pain, help evalu-
ate different pain states and develop new treatments. 
Although no research has yet been undertaken in 
osteo-arthritis, it is inevitable that fMRI will be a pow-
erful instrument in assessing pain in these patients and 
for identifying and evaluating new treatment strategies. 

The other key need is to integrate physical and 
drug treatments. Pain control in osteo-arthritis is not 
just a matter of better drugs. Improved fitness and 
regular exercise are equally if not more important. As 
well as prescribing drug treatment, clinicians ought 
to prescribe exercise regimens for patients as these 
appear equally effective.

Author recommendations 

There is no single simple treatment for osteo-arthritis, 
and therapy needs to be individually tailored. Equally, 
the disease is variable and over time patients will need 
a range of different treatments. 

I prefer to use simple analgesics and topical NSAIDs 
in mild disease, NSAIDs in patients in whom there 
is an inflammatory component, and injections of 
hyaluronic acid in patients in whom there has been 
little improvement with these simpler medical treat-
ments. In terms of balancing benefits with risks of 
adverse events, my own perspective is that the advan-
tages of therapy invariably outweigh its risks.

Many patients like to take self-prescribed glu-
cosamine and chondroitin. My views are invariably 
neutral on whether this is sensible, though if asked
I personally think they are very safe but regrettably 
ineffective. Not every expert has reached the same con-
clusion on the published evidence and I try to respect 
the views of other clinicians on this complex problem. 
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CHAPTER 10

Pain associated with rheumatoid arthritis

Paul Creamer1 and Sarah Love-Jones2

1 Southmead Hospital, Bristol, UK
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Background

Rheumatoid arthritis (RA) is a multisystem inflam-
matory disorder principally affecting the synovial lin-
ings of joints and tendons (Fig. 10.1).

Pain is the most common symptom of RA and 
is primarily located in and around affected joints. 
Early disease commonly affects metacarpophalan-
geal (MCP), metatarsophalangeal (MTP), wrist and 
proximal interphalangeal (PIP) joints, with knees, 
shoulders and hips also involved in many patients. 
Affected joints are painful, swollen, warm and  tender. 
The other cardinal sign of inflammation,  redness 
 (erythema), is unusual in RA and should alert the 
doctor to the possibility of super-added  infection. 
Other synovial joints can be affected, including, 
for example, temporomandibular (TMJ), giving 
jaw pain, or cricoarytenoid, giving throat pain and 
hoarse voice. Neck pain is common in RA and usu-
ally reflects facet joint inflammation: however, an 
important complication is atlantoaxial disease, which 
can result in  subluxation and potentially cervical cord 
compression. In addition to joints, other structures 
lined by synovium, such as tendons and bursae, can 
also become inflamed and painful. It is important 
to consider the anatomic source of pain, since that 
directs treatment. “Wrist pain” may therefore be due 
to synovitis of the wrist joint itself or tenosynovitis of 
the extensor tendons; “elbow” pain may arise from the 
elbow joint or the olecranon bursa, and so on. Muscle 
pain and stiffness, similar to that seen in polymyalgia 

rheumatica, can be a presenting symptom, especially 
in the elderly. 

Other symptoms of RA include stiffness, especially 
morning stiffness. The duration of early morning stiff-
ness is a good measure of the degree of inflammation 
or “disease activity.” Systemic symptoms such as fatigue, 
fever, anemia and weight loss also occur, especially dur-
ing inflammatory episodes. Extra-articular involvement 
may affect eyes, nervous system, heart, lungs and skin.

Rheumatoid arthritis is a phasic disease. Periods 
of inflammation (often described by the patient as 
“flares”) are interspersed with quiescent phases in 
which the inflammatory response is reduced. Joints 
may still be painful at these times, due to damage that 
has already been done. Although RA rarely becomes 
completely “burnt out” or noninflammatory, as disease 
duration increases the cause of pain becomes predom-
inantly mechanical or due to secondary osteo-arthritis. 
Assessment of pain in RA must attempt to determine 

Evidence-Based Chronic Pain Management. Edited by 
C. Stannard, E. Kalso and J. Ballantyne. © 2010 Blackwell 
Publishing.

Figure 10.1 Rheumatoid hands, showing typical 
 deformities associated with advanced disease.
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if the pain is inflammatory or  noninflammatory, as 
the treatment for these will be different. Some clues to 
aid differentiation are listed in Table 10.1.

Pathophysiology

The primary site of change in RA is the synovium, 
which becomes swollen, hypertrophic and inflamed. 
Lymphocytes and plasma cells invade the  tissue 
and excess synovial fluid production leads to joint 
 swelling and effusion. Erosion of bone, due to 
local pressure from inflamed tissue or the effects of 
destructive cytokine release, occurs at the periarticu-
lar regions of the joint. These changes are first seen 
on X-ray at the MCP, MTP and PIP joints and around 
the ulna styloid at the wrist (Fig. 10.2). It is now clear 
that X-ray is a relatively insensitive way of detecting 
 erosions and MRI or ultrasound can detect lesions at 
a  preradiographic stage (potentially allowing earlier, 
more aggressive treatment). Untreated, continued 
bone and cartilage destruction leads to irreversible 
deformity and secondary osteo-arthritis.

Mechanisms of pain in RA
Primary articular nerves consist of unmyelinated 
(IV, C fibers 80%) and myelinated (III, Aδ and II Aβ, 
20%) fibers. Aβ fibers end in corpuscles. Aδ and C 
fibers are free nerve endings; in the normal joint these 
are widely distributed throughout the synovium, cap-
sule, ligaments and bone. The synovial membrane is 
not only richly innervated with C fibers but also with 
sympathetic nerves, whereas cartilage has no inner-
vation at all. In RA there is a loss of C fibers from 
the synovium, possibly due to the rapid growth of 

 synovial tissue outstripping the capacity of the nerve 
supply. This results in a drop-out in laminae I and II 
of the dorsal horn. Aβ (proprioceptive) fibers replace 
the pain fibers in these laminae so normal joint move-
ment can be perceived as pain.

Inflammation, such as that seen in RA, has little effect 
on Aβ fibers but Aδ and C become sensitized with an 
increased response to movement or pressure. Previously 
“silent” fibers develop mechanically sensitive fields so 
that simply moving the joint results in stimulation of 
pain afferents. The mechanisms responsible for this 
sensitization are complex and involve many mediators 
such as bradykinin and prostaglandins; hence the effect 
is blocked by aspirin and other NSAIDs. Peripheral sen-
sitization also results in spinal cord changes, leading 
to expanded receptive fields so that a spinal neurone 
responds to stimuli from a wider area. Opioid receptors 
are found in the synovium and their expression may be 
increased with inflammation of the joint.

Table 10.1 Differentiation between inflammatory and noninflammatory pain in RA

Inflammatory Noninflammatory

Pain �� ��

Swelling �� (soft tissue) �/� (bony)

Stiffness �� (early morning) �/� (inactivity/gelling)

Extra-articular features ��� �

Fatigue, malaise, weight 
loss

��� �

ESR, CRP Raised Normal
Response to analgesia ��� ���

Response to DMARDs ��� �

CRP, C-reactive protein; DMARDs, disease-modifying antirheumatic drugs; ESR, erythrocyte 
sedimentation rate.

Figure 10.2 X-ray changes of RA.
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Epidemiology

The epidemiology of RA pain closely reflects that of 
RA itself. RA is the most common inflammatory joint 
disease, with an annual incidence in males of between 
0.15 and 0.46 per 1000 and in females between 0.24 
and 0.88 per 1000 [1], different incidence rates 
reflecting the different methods used to detect  disease. 
Although peak age presenting to secondary care is 
30–50 years, community studies suggest that inci-
dence increases with age until the seventh  decade. In 
all except the oldest age groups, women are affected 
more than men. The overall prevalence of RA in the 
UK is about 1% [2], with similar levels found across 
Europe and North America. Both the incidence and 
severity of RA may be declining over time,  particularly 
in females.

The cause of RA is unknown but, as for most dis-
eases, represents an interaction between genetic and 
environmental causes. There is increased familial 
aggregation and greater concordance in monozy-
gotic (12–15%) than dizygotic (4%) twins. The most 
clearly associated genetic link is with the major histo-
compatibility complex antigen HLA DR4, presence of 
which conveys a sixfold increase in risk of incidence 
of RA (and also increased disease severity). However, 
HLA-DR4 accounts for only about 30–50% of genetic 
susceptibility and other, as yet undetermined genes 
must be involved. The mechanism by which this gene 
acts as a susceptibility factor for autoimmune events 
remains unclear.

Environmental triggers for RA have not been clari-
fied, despite extensive searches for infectious organ-
isms. Many patients blame their RA on a stressful 
event; though this is unlikely to be causal, there 
is increasing evidence that stress may modify the 
immune system and be associated with exacerbations 
of RA. Hormones clearly play a role in RA. Before the 
menopause, there is an excess of females affected but 
this gender difference disappears after the menopause. 
Pregnancy usually results in amelioration of symptoms 
though a postpartum flare is often seen. Finally, the 
contraceptive pill may be weakly protective against RA.

Risk factors

The long-term joint consequences of RA (pain, 
 disability and need for total joint replacement) are 

secondary to the development of permanent  damage 
or erosions in the joints. This change is irreversible 
so treatment is directed not only at alleviating the 
patient’s symptoms but also at reducing the chance 
of erosive progression. No single drug is capable of 
 halting progression. 

Of the 600,000 people in the UK with RA, 10,000–
12,500 will have severe disease, which has failed 
to respond to current therapy. RA is not a benign 
 disease, but carries significant morbidity and a stand-
ardized mortality ratio of over 1.5 [3]. Survival rates 
for patients with RA are comparable with Hodgkin’s 
disease, diabetes mellitus, stroke and triple-vessel cor-
onary artery disease [4]. Functional disability (reflect-
ing disease activity) and low socio-economic status 
are major contributors to early mortality.

Even in the early stages of the disease, patients expe-
rience significant morbidity. One study of patients 
with a mean of 3 years’ disease duration found that 
over half reported significant impact on three or more 
areas (work, income, daytime rest,  leisure, mobility, 
housing and social support) while 42% were regis-
tered work disabled [5]. Radiographic damage (which 
predicts disability) occurs mostly in the first years of 
the disease [6]. Early effective treatment is therefore 
vital to control symptoms, prevent joint damage and 
improve function.

A number of risk factors have been identified 
which are associated with an unfavorable prognosis 
in terms of pain as well as function and joint destruc-
tion. These include:

evidence of joint damage (erosions on plain X-ray) 
at baseline
persistently raised inflammatory markers (CRP, 
ESR)
functional disability at baseline (as measured, for 
example by Health Assessment Questionnaire)
presence of extra-articular features such as nodules
psychosocial problems
rheumatoid factor seropositivity
presence of susceptibility genes (HLA-DR4 0401, 
0404 or 0405).

Rheumatoid arthritis is an expensive disease to treat 
[1, 4]. Using various models [7], it is estimated that the 
annual cost of treating RA in the UK is £0.8–£1.3  billion 
[1]; 50% of this is accounted for by  hospitalization and 
long-term care, affecting only those with most severe 
disease. Five  percent of patients (mostly those requiring 

•

•

•

•
•
•
•
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total joint  replacement) account for more than 25% of 
the total costs [7]. 

Although the primary aim in treating RA is first 
to reduce symptoms, especially pain, there is good 
evidence that early aggressive treatment can reduce 
long-term complications and is highly cost-effective 
in the long term.

Assessing pain in rheumatoid 
arthritis

Pain is almost universal in RA and is usually bilateral, 
symmetric and involves multiple joint sites. 

Several techniques have been used to measure pain 
in RA, including numerical rating scales, verbal  rating 
scales, visual analog scales (VAS), questionnaires and 
behavioral observation methods. The Arthritis Impact 
Measurement Scales (AIMS) pain questions are valid 
and sensitive to change [8]. A simple 100 mm hori-
zontal VAS with anchors of “no pain” at 0 mm and 
“worst possible pain” at 100 mm is probably the sim-
plest and most sensitive tool [9]. Other pain assess-
ment scales include the Brief Pain Inventory [10] and 
the McGill Pain Questionnaire [11].

The overall pain experience in RA appears simi-
lar to that of osteo-arthritis (OA) [12,13]. The 
words used to describe the pain are similar in both – 
 “aching,” “sharp,” “stabbing” – hence pain descrip-
tors are not helpful in distinguishing OA from RA. 
In both conditions the affective component is more 
intense than the sensory component, indicating the 
importance of emotional factors in the pain experi-
ence. Overall pain intensity increases with disease 
duration. RA pain may differ from that of fibromy-
algia in that fibromyalgia patients report a greater 
variety of pain descriptors and the pain is less clearly 
localized to joints, though the overall intensity is 
similar [14].

Management of rheumatoid 
arthritis pain

As in other conditions, effective therapy of pain in RA 
should combine optimum analgesia with enhanced 
function and minimal side effects. Decisions  regarding 
pain control should take into account type of pain 
(inflammatory versus mechanical,  central  versus 
peripheral) and the patient’s  psychosocial  situation. 

Given that pain is the direct result of either the inflam-
matory process underlying RA or of joint  damage 
consequent on that inflammation,  management of 
RA pain is essentially the management of RA itself. 
The rest of this chapter, therefore, considers the 
 management of RA with special  reference to pain, 
but it should be appreciated that therapies that treat 
the disease will also relieve pain (for evidence base see 
Box 10.1).

The need for early referral
Early referral to a hospital specialist is desirable in 
all patients presenting with a persistent inflamma-
tory polyarthritis. Although RA is the most likely 
 diagnosis, there is a differential including viral, 
 reactive, seronegative and crystal arthritis. Early 
accurate diagnosis enables the correct management 
to be  instituted without delay. A vital part of early 
management is referral to other members of the 
 multidisciplinary team for advice and education on 
joint protection, splinting, exercises and consideration 
of work- and family-related issues. For most patients, 
RA is a life-long diagnosis and care will be shared by 

Box 10.1 Evidence base for 
pain-reducing interventions in RA

Interventions supported by evidence
Simple analgesia: paracetamol, codeine and other 
opiates, cannabinoids
NSAIDs
DMARDs
Steroids: oral, intra-articular
Biologic therapy
Education
Physiotherapy
Hydrotherapy
Orthotics
Fish oils
Surgery

Commonly used interventions currently 
unproven
Glucosamine 
Hot and cold
Ultrasound
Hydrotherapy
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the consultant, GP and members of the multidiscipli-
nary team.

One of the major reasons for early referral is to 
ensure optimal pharmacologic treatment. The aims 
of treatment are to improve symptoms, reduce  disease 
progression and prevent disability. Drug therapy con-
sists of analgesics, nonsteroidal anti-inflammatory 
drugs (NSAIDs), disease-modifying antirheumatic 
drugs (DMARDs) and steroids. Early intra-articular 
aspiration and injection with corticosteroid are often 
extremely effective. Management paradigms for RA 
have changed considerably in the last 10 years with the 
knowledge that early use of disease-modifying therapy 
can reduce joint damage and, hence, long-term dis-
ability. Early diagnosis and prompt intervention with 
disease modifying drugs have become standard. 

Economic evaluation of managing early arthritis 
suggests that costs are high in the first few months 
of disease, with approximately half the cost being 
associated with work absence. Aggressive treatment 
of disease in the early stages is therefore likely to be 
cost-effective.

To fully understand the clinical results to be pre-
sented, it may be helpful to describe how severity is 
defined in RA. The standard method of assessing dis-
ease activity and response to treatment is the American 
College of Rheumatology (ACR) response criteria [15]. 
The following variables are measured at baseline and at 
set intervals after commencement of therapy.

Number of tender joints (of 28 assessed)
Number of swollen joints (of 28 assessed) 
Health Assessment Questionnaire 
Patient assessment of disease activity (VAS) 
Patient assessment of pain (VAS) 
Physician global assessment (VAS)
Erythrocyte sedimentation rate or C-reactive 
protein

If a 20% or greater reduction is seen in the number 
of tender joints, the number of swollen joints and 
at least three of the remaining five variables, the 
patient is said to have achieved an “ACR 20” response. 
An ACR 20 response is defined as the  minimal 
 acceptable response to be achieved for a patient 
to have responded to a drug and may mean that a 
patient becomes independent in an activity of daily 
living such as bathing, which can have a large impact 
on quality of life. An “ACR 50” response is a 50% or 
greater reduction. An ACR 50 response usually means 

•
•
•
•
•
•
•

that a patient will have a larger improvement in 
 functional status, for example will cease to be house-
bound or be able to return to work. 

The Disease Activity Scale (DAS) is a similar 
weighted composite score of disease activity in RA, 
developed by a group of European rheumatologists

Modalities of pain relief

Pharmacologic
Analgesics
Although there is little controlled evidence regarding 
efficacy of analgesics in RA [16], it is widely believed 
that simple analgesics such as paracetamol are very 
helpful, providing quick pain relief with generally low 
risk of toxicity. Simple analgesics are often used in 
combination with NSAIDs and DMARDs. 

Analgesic compounds with central opioid agonist 
activity, such as pentazocine and oxycodone, have 
been available clinically for a number of years for 
treatment of RA pain but they have not been utilized 
extensively due to their dysphoric side effects and 
concerns about dependence. Mild opioids such as 
codeine are frequently used to supplement other ther-
apy in controlling pain despite a paucity of data from 
controlled studies, particularly on long-term use. 

A retrospective study of 640 patients with chronic 
arthritis (including RA) found that 290/640 patients 
had used opiates (codeine or oxycodone) in the past 
3 years [17]. Although this was an uncontrolled study, 
opioids significantly reduced pain severity scores, 
from 8.2 to 3.6 (on a 0–10 scale) (P � 0.001). Mild 
side effects were reported in 38%; nausea,  dyspepsia, 
 constipation, and sedation were the most common. 
The mean �SD initial dosage was 2.1 � 1.7 30 mg 
codeine equivalent/day. Dosage escalations occurred 
in 32 patients and were attributable to worsening of 
the underlying arthritis in all but four patients, who 
also displayed other abuse behaviors. The authors 
concluded that prolonged treatment of rheumatic dis-
ease pain with mild opiates reduces pain severity and 
is associated with only mild toxicity. Development 
of tolerance, requiring dose escalation, is rarely seen. 
This study and others suggest that concerns about 
opioid efficacy, toxicity, tolerance, and abuse or addic-
tion should no longer be used to justify with-holding 
opioids from patients with well-defined rheumatic 
disease pain.
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The use of opioid medication in RA patients 
enrolled in Tennessee’s Medicaid program was ana-
lyzed [18] and found to increase from 38% to 55% 
(P � 0.001) in the study period of 1995–2004. This 
study also showed an increase in the use of DMARD 
and a decrease in the use of glucocorticoids in RA 
patients.

The consensus statement of an international expert 
panel focused on the six WHO step III opioids – 
buprenorphine, fentanyl, hydromorphone, methadone, 
morphine and oxycodone – most often used in the 
management of chronic severe pain in the elderly [19]. 
This population included those with RA. The panel 
concluded that opioids are efficacious in noncancer 
pain (treatment data mostly level Ib or IIb) but needed 
individual dose titration and consideration of their 
respective tolerability profiles.

A recent review of the evidence of efficacy of 
 opioids for chronic pain is relevant for RA patients 
and concludes that there is strong evidence to support 
the initial effectiveness of opioids for the treatment of 
chronic pain, with much less clarity about the long-
term effectiveness [20].

Opioid receptors are also present in periper-
hal tissue [21], where opiates may exert an anti-
 inflammatory effect. Compared with standard 
therapy of an intra-articular dexamethasone applica-
tion, intra-articular morphine resulted in greater pain 
reduction and a significant reduction of the leukocyte 
count in the synovial fluid in patients with OA and 
RA [22]. This analgesic effect is due only in part to 
interaction with opioid receptors. The prolonged 
analgesic effect can also be explained by other mecha-
nisms, such as opioid- mediated inhibition of inflam-
mation. Expression of opiate receptors is increased 
with inflammation [23] and in experimental arthritis, 
administration of peripherally acting opioids shows 
antinociceptive activity. Other animal studies have 
confirmed that opiates are anti-inflammatory in a 
dose-dependent, time- dependent, stereoselective and 
antagonist reversible manner [24]. The potential for 
opiates to reduce inflammation in human RA has not 
been studied.

Two cannabinoid receptors (CB1 and CB2) are 
expressed on neurones and immune cells, particu-
larly in inflammation. Receptor agonists such as 
 anandamide are analgesic. In the only double-blind 
placebo-controlled study of its kind [25], a 5-week 

study of 58 patients with RA, a cannabis-based 
 medicine was found to be well tolerated and to sig-
nificantly reduce pain and disease activity (as meas-
ured by DAS). Further studies are required to define 
the role of cannabinoids in RA.

NSAIDs
There is good evidence that NSAIDs are effective at 
reducing pain in RA and are usually the first drugs pre-
scribed following symptom onset, often prior to refer-
ral to a rheumatologist. Most patients will experience 
about a 50% reduction in pain following introduction 
of NSAIDs. One placebo-controlled study of etoricoxib 
and naproxen found that the percentage of patients 
who achieved an ACR 20 responder criteria response 
was 41% in the placebo group, 59% in the etoricoxib 
group, and 58% in the naproxen group [26]. 

Many NSAIDs are available. Although there is 
no evidence that one NSAIDs is consistently more 
 effective than another at relieving RA pain, there is 
individual variation and it is worth switching NSAIDs 
in an attempt to find one that suits a  particular 
patient. In general, a long-acting preparation is 
 preferred, often given at night to maximize relief of 
early morning pain and stiffness. Selective COX-2 
inhibitors (COXIBS) are more effective than placebo 
in RA [27,28] though they are no more effective than 
traditional NSAIDs [29, 30].

The efficacy of NSAIDs at relieving pain can 
present a diagnostic difficulty in that symptoms and 
signs of inflammation may be masked, leading to a 
delay in diagnosis and hence initiating disease-modi-
fying therapy [30]. Sometimes, therefore, it is neces-
sary to withdraw NSAIDs temporarily to fully assess 
the degree of disease-related inflammation.

Nonsteroidal anti-inflammatory drugs are associ-
ated with significant toxicity, notably on the gastroin-
testinal (GI) system. The addition of cytoprotective 
drugs such as misoprostil or proton pump inhibi-
tors may allow patients with RA to continue to take 
NSAIDs, although it should be remembered that the 
correlation between GI symptoms and serious GI tox-
icity (perforation, ulcers, bleeds) is poor and  addition 
of cytoprotection does not fully protect against seri-
ous complications. COXIBS are probably associated 
with lower GI risks in RA [18] though this effect 
may relatively small [31]. Other side effects which 
may limit use of NSAIDs include effects on the liver 
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and renal system [32]. About 15% of patients with 
asthma experience worsening on starting an NSAID; 
patients should be warned about this and may have 
to discontinue the drug if they are adversely affected 
but asthma should not be regarded as an absolute 
contraindication to NSAIDs.

Recently it has become clear that while  attention 
on toxicity has focused on GI problems, there is likely 
to be a small but detectable risk of increased heart 
attacks and strokes in people taking coxibs. This prob-
lem was particularly linked to rofecoxib and this drug 
has now been withdrawn. Several subsequent studies 
have considered whether other COX-2 drugs and also 
nonselective NSAIDs might carry a similar increased 
risk. Data are conflicting [33, 34] but it seems likely 
that a small increase in cardiac risk is seen with all 
NSAIDs [35] though there are theoretical reasons, 
backed up by some data, to suggest that this is greater 
with coxibs than with nonselective NSAIDs. Current 
guidelines suggest that all NSAIDs should be used 
with caution in patients with cardiac disease.

Corticosteroids
There is good evidence that corticosteroids can 
achieve rapid control of symptoms, including pain 
and maintenance of function [36], and are par-
ticularly useful during flares of disease activity. Oral 
doses from 7.5 mg to 20 mg daily prednisolone are 
often used, as are intravenous infusions of between 
500 mg and 3 g methylprednisolone. Local injec-
tion of inflamed joints, using a long-acting steroid 
such as triamcinolone, is an excellent and safe way to 
relieve pain rapidly. Steroids can also be given as an 
intramuscular depot injection, for example methyl-
prednisolone 120 mg (3 ml). This delivers the equiv-
alent of about 4 mg prednisolone daily for about 6 
weeks. Although the average daily dose is small, some 
patients find such injections more effective than oral 
prednisolone, possibly because the drug is released 
continuously rather than in the pulsatile fashion of 
oral therapy.

Evidence for a long-term disease-modifying effect 
of prednisolone is conflicting. Combination therapy 
studies in which high doses of steroids are used ini-
tially and then tailed off [37] show greater efficacy 
than monotherapy. Addition of a fixed dose of pred-
nisolone 7.5 mg daily to standard DMARD results in 
a reduction in erosive progression [38]. Long-term 

steroid use is limited by toxicity, though in the short 
term, harmful effects on, for example, bone mineral 
density may be outweighed by an increase in strength 
following reduction in inflammatory mediators and 
an improvement in patient mobility [39]. 

Disease-modifying antirheumatic drugs
Disease-modifying antirheumatic drugs differ from 
NSAIDs in their ability to modify the natural history of 
the disease and affect disease-related parameters such 
as systemic markers of inflammation (ESR, CRP) and 
radiographic progression of erosions [40]. By reducing 
inflammation, they also reduce pain – hence the “man-
agement of RA pain” must include these drugs. The 
conventional pyramidal approach in which DMARDs 
are introduced gradually and only if NSAIDs fail to 
provide adequate symptomatic relief has been super-
seded by a more aggressive approach, with the early 
introduction of DMARDs, either singly or in combi-
nation, with or without steroids, in the hope of con-
trolling synovitis in the early stages of the disease and 
preventing joint damage [41, 42]. The patient should 
be continually assessed clinically, serologically and 
radiologically to ensure that the chosen therapy is truly 
suppressing the disease; failure to do this should be an 
indication to modify DMARDs therapy.

An ideal DMARDs should reduce synovitis, limit 
joint damage and improve function with minimal tox-
icity and continued efficacy [43]. Unfortunately, none 
of the DMARDs currently available fulfill these crite-
ria completely. The most frequently used DMARDs 
are shown in Table 10.2. Oral gold, penicillamine and 
cyclophosphamide are used less frequently. 

All DMARDs share certain limitations, listed 
below.

Delayed action. Most DMARDs take 2–3 months to 
work and are rarely discontinued for lack of effect 
before 6 months. There is therefore an inevitable 
window in which inflammation and joint damage 
may progress unchecked. Further, the delay in 
response can lead to reduced compliance if the 
expectations of the patient are unrealistic. 

Toxicity. Disease-modifying antirheumatic drugs are 
toxic. The major problems encountered are listed in 
Table 10.2. Some side effects resolve but others require 
cessation of treatment. On average 20–40% of patients 
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will need to stop treatment due to toxicity within 2 
years. When informed of the risks, many patients 
elect not to take these drugs, though compliance can 
be improved by good communication, education and 
support from other members of the team. It should 
be stressed, for example, that although there is an 
undeniable risk of toxicity with DMARDs therapy, it 
must be remembered that inadequate disease control 
also carries significant risks in terms of quality of life, 
disability and mortality.

The need for monthly blood tests can be a disin-
centive to start or continue treatment and is costly 
in time and money. The safety of various DMARDs 
 during pregnancy and breastfeeding is an important 
issue as many patients will be of child-bearing age. 

Unpredictable efficacy. Not only are currently available 
DMARDs relatively toxic but they are also of limited 
efficacy. Only 70% of patients will respond to a given 
DMARDs in terms of a noticeable improvement in 
pain, swelling and function and even this may be lost 
with time. Data on the ability of DMARDs to limit 
radiographic damage are also disappointing although 
this may be improved with earlier introduction of 
therapy. The results on long-term outcome are also a 
cause for concern, as levels of disability remain high 
despite the use of DMARDs therapy for over 20 years.

There is no way of predicting which patients will 
respond to which DMARDs. It is possible that subsets 
of patients exist who are more likely to respond to 

certain drugs but since the mechanisms of action are 
poorly understood, it is not possible to target specific 
parts of the complex inflammatory process responsi-
ble for RA.

Current practice is largely with sequential mono-
therapy until a response is found. The choice of agent 
is based on familiarity, likely compliance, tolerability of 
side effects, co-morbidity and concurrent medication as 
well as consideration of which DMARDs have already 
been tried and failed. Sometimes changing the route of 
administration (e.g. subcutaneous injections of meth-
otrexate) can improve efficacy. It is  difficult to conclude 
that a DMARDs is ineffective unless it has been tried at 
the maximum tolerable dose and for at least 4–6 months.

Biologic therapy
Although early aggressive use of traditional DMARDs, 
alone or in combination, has proven efficacy in RA, a 
number of problems remain, as outlined above. The 
search for novel therapeutic targets has resulted in 
major breakthroughs in RA treatment.

Cytokines are protein or glycoprotein molecules 
that deliver important intercellular messages regulat-
ing chronic inflammation and tissue damage in RA. 
Cytokines such as tumor necrosis factor α (TNF-α), 
interleukin-1 (IL-1), interleukin-6 (IL-6), and granu-
locyte macrophage-colony stimulating factor (GM-
CSF) are abundant in inflamed joints and promote 
the influx of inflammatory neutrophils and mono-
cytes to the joints.

Table 10.2 Disease modifying antirheumatic drugs (DMARD) and their side effects

DMARD Dose Common side effects

Methotrexate 7.5 mg po or s/c weekly, increasing 
up to 25 mg

GI symptoms, teratogenicity, bone marrow suppression, 
pulmonary hypersensitivity, abnormal liver function tests

Sulfasalazine 1 g bd, increasing to max 1.5 g bd GI symptoms, rash, headache, abnormal liver function 
tests, bone marrow suppression (commonest in first 
6 months), reversible reduced sperm count

Gold 10 mg IM test dose, 50 mg IM weekly 
for 12–20 weeks then 50 mg monthly

Rash, pruritus, mouth ulcers, proteinuria, bone marrow 
suppression, vasomotor injection reactions

Hydroxychloroquine 200–400 mg/day; max 6 mg/kg/day Rash, retinopathy (rare, much less common than with 
chloroquine)

Azathioprine 2.5 mg/kg/day Bone marrow suppression, GI disturbances, flu-like 
symptoms, increased risk of lymphoproliferative disorders

Cyclosporine 2.5 mg/kg/day in divided 12 hrly 
doses, max 5 mg/kg/day

Hypertension, raised creatinine, hyperkalemia, 
hypertrichosis, gum hyperplasia, hepatotoxicity
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Tumor necrosis factor α appears to have a pivotal 
role in perpetuating inflammation and joint damage 
in RA [44]. Following evidence from animal arthritis 
models in which antibodies against TNF were shown 
to prevent or reduce symptoms when administered 
either before or after the onset of disease, drugs to 
specifically block the effects of TNF in humans were 
introduced for the treatment of RA in 1999. Three 
such drugs are now available: infliximab, etanercept 
and adalimumab. It is clear that such biologic thera-
pies can produce a dramatic reduction in symptoms 
and can halt or even reverse the joint damage caused 
by RA. Anti-TNF-α agents have potent analgesic 
effect as well as their anti-inflammatory action.

About 40% patients treated with anti TNF-α achieve 
an ACR 50 at 1 year [45, 46]. Although the ACR 50 
measures response to a range of outcomes, it is heavily 
influenced by pain and a reduction in ACR 50 is inevi-
tably associated with a reduction in pain. For example, 
the ARMADA trial of adalimumab [47] reported a 
55% ACR 50 response rate, with a 47% reduction in 
self-reported pain levels. Such benefits are sustained 
for several years. Anti-TNF-α therapy has also been 
shown capable of reducing erosive progression.

All anti-TNF-α drugs are given by injection: IV infu-
sion every 8 weeks (infliximab), subcutaneous injection 
every 2 weeks (adalimumab) or twice weekly (etaner-
cept). Although generally well tolerated, anti-TNF-
α drugs care associated with side effects, commonly 
injection site reactions, mild flu-like illness or rash. 
The rate of infection is probably increased and serious 
infections such as septic arthritis or tuberculosis are 
well documented. Current practice includes advice to 
screen for tuberculosis before starting  treatment. There 
is a theoretical risk of increased malignancy: currently 
it is unclear whether increased rates observed reflect 
drug toxicity or simply the greater disease severity of 
patients in whom these drugs are used. These drugs 
are expensive, costing about £10,000 per annum, but 
increasingly these costs will be offset by reduced need 
for hospital admissions and joint replacement surgery.

If a patient fails to respond to one anti-TNF-α 
drug, they may respond to another and it is worth 
switching medication. However, a number of other 
targets have been identified as contributing to 
the  inflammatory process in RA and drugs have 
 beendesigned  specifically to neutralize their effect. 
A number of these are now available for use in RA. 

Abatacept is a selective co- stimulation modulator, 
which reduces T cell activation [48]. Rituximab selec-
tively depletes B cells from the circulation and is given 
by infusion every 9–18 months [49].

Cost efficacy of biologic therapies has been exam-
ined in detail, for example by the National Institute 
for Health and Clinical Excellence (NICE) in the UK. 
Accurate estimates are extremely difficult to obtain 
since cost savings may not be obtained for many years 
in the future. Simple assessment of incremental cost-
effectiveness ratio gives about £66,000 per quality-
adjusted life-year (QALY) for etanercept and £99,000 
for infliximab. However, models which attempt to 
include future cost savings from reduced work loss, 
reduced need for hospitalization and joint replace-
ment give figures of £16,300 and £29,000 per QALY 
respectively. It is also arguable that the pain reduction 
achieved by these drugs has an inherent value over 
and above that of reduced service utilization.

Tricyclic antidepressants
The tricyclic antidepressants such as amitriptyline are 
frequently used to treat chronic pain associated with 
osteo-arthritis and RA. A systematic review [50] of 
papers published between 1966 and 2007 on antide-
pressants in rheumatologic conditions looked at 78 
clinical studies and 12 meta-analyses from 140 papers. 
The strongest evidence of an analgesic effect of anti-
depressants has been obtained in fibromyalgia. A 
weak analgesic effect is observed for chronic low back 
pain, with an efficacy level close to that of analgesics  
such as NSAIDs. Specific comment was difficult to 
make in relation to RA and ankylosing spondylitis as 
most trials identified in the review included patients 
with osteoarthritic conditions. The authors  concluded 
that TCAs have weak analgesic effects in RA patients 
with or without depressive symptoms. For patients 
with ankylosing spondylitis, amitriptyline may mod-
ify a number of symptoms including pain, fatigue and 
sleep disorders.

Complementary therapies
Up to 60% patients with arthritis use some form of 
complementary therapy such as acupuncture, Alexander 
technique, aromatherapy, massage,  homeopathy and 
reflexology. Many of these may provide relaxation and 
temporary symptom relief, including pain reduction. 
They may also improve the patient’s general well-being 
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and improve self-efficacy, but a robust evidence base for 
most of these interventions does not exist.

Many patients also take nutritional supplements 
(neutriceuticals). Omega-3 fatty acids, found in fish 
oils and some plant oils, are the first components of a 
physiologic cascade that results in inhibition of pain-
producing mediators such as prostaglandin E2, LTB4 
and TNF-α. Fish oils have a modest but clear effect on 
pain and swollen joints [51] and can reduce the need 
for NSAID. However, at least 3 g daily are required 
and many patients find such large doses impractical. 
Benefit may not be seen for up to 12 weeks.

γ-linolenic acid (GLA) is an omega-6 essential fatty 
acid found primarily in vegetable oils. Several studies 
have suggested benefit in RA though trial methodol-
ogy is variable [52]. There is no evidence that glu-
cosamine or chondroitin have an effect in RA.

Nonpharmacologic
Education
Education is important in providing knowledge 
to patients about their disease. Other components 
may include self-help principles, coping with stress 
and problem solving, nutrition, complementary 
therapy, physician/patient interaction, pacing skills 
and so on. Benefits may include: reduction in pain, 
improved self-efficacy, improved pain behavior, 
reduced medication and health resource utilization 
[53]. Education is generally considered to be cost 
effective, though the evidence base supporting this 
intervention is very limited. Timing of education is 
important and the content will differ according to 
the stage of disease. 

Hammond & Freeman [54] found an educational-
behavioral training joint protection program to be 
more effective than a standard arthritis education 
program: although pain improved in both groups, 
joint protection adherence, early morning stiffness, 
function and hand deformities were all better in the 
education-behavioral group. These benefits persisted 
4 years after the intervention.

Physiotherapy and exercise
Three types of exercise may have a role in RA: range 
of movement (to help maintain or increase flex-
ibility); strengthening exercise (to maintain mus-
cle strength) and aerobic/endurance exercise (to 
improve cardiovascular function, reduce weight 

and improve function). A number of studies have 
 examined the effect of exercise on RA though many 
are limited by potential bias and limited patient 
selection. De Jong et al. [55] used a program of 
bi-weekly group  exercises involving bicycle train-
ing at 70–90% predicted maximum heart rate, 
nine strengthening exercises and a sporting activ-
ity to deliver impact to joints and bones. This pro-
gram improved function and disability, was safe for 
patients and did not increase disease activity though 
a specific effect on pain was difficult to measure. 
Other aerobic and strengthening programs [56] 
have confirmed these findings and also demon-
strated improved muscle strength. The mechanism 
for any reduction in pain is unclear but may involve 
enhanced self-efficacy and modulation of central 
pain as well as direct effects on muscle and joint. 
Hydrotherapy is also of value [57]. Many patients 
use hot and cold treatments – hot water bottles or 
heated wheat bags for heat; ice packs or a bag of fro-
zen peas for cold – and report pain relief, though 
firm evidence for benefit is lacking.

Transcutaneous electrical nerve stimulation
Transcutaneous electrical nerve stimulation (TENS) 
may be of benefit, especially when combined with acu-
puncture [58]. TENS is a form of electrotherapy and 
is thought to produce analgesia according to the gate 
control theory [59]. Conventional TENS (C-TENS) is 
given at high stimulation  frequency with low intensity, 
whereas acupuncture-like TENS (AL-TENS) is given at 
low frequency and high intensity. A systematic review  
[58] included three RCTs, involving 78 people, in 
which C-TENS and AL-TENS were compared to pla-
cebo and each other. Administration of 15 minutes of 
AL-TENS a week, for 3 weeks, resulted in a significant 
decrease in rest pain (67% relative benefit, 45 points 
 absolute benefit on 100 mm VAS), but not in grip pain, 
compared to placebo. AL-TENS did result in a clinical 
 beneficial improvement in muscle power scores with 
a relative diference of 55%, and an absolute benefit of 
0.98, compared to placebo. No  significant difference 
was found between one 20-minute  treatment dura-
tion of C-TENS versus AL-TENS, or C-TENS versus 
placebo on decrease in mean scores for rest pain or 
grip pain, or on the number of tender joints. Results 
showed a statistically  significant reduction in joint 
tenderness, but no  clinical  benefit from C-TENS over 
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placebo in relief of joint  tenderness. No statistically 
significant difference was shown between 15 days of 
treatment with C-TENS or AL-TENS in relief or joint 
pain, although there was a clinically important benefit 
of C-TENS over AL-TENS on patient assessment of 
change in disease (risk difference 21%, number needed 
to treat (NNT) 5).

Acupuncture
Acupuncture is used as an adjunct therapy for the 
treatment of RA pain. A Cochrane Database review 
[60] evaluated the effects of acupuncture and 
 electroacupuncture on the objective and subjective 
measures of disease activity in patients with RA. Two 
comparative controlled studies involving 84 patients 
were included. One study used acupuncture while 
the other used electroacupuncture. In the acupunc-
ture study, although not statistically significant, pain 
in the treatment group improved by four points on 
a 0–100 mm VAS versus no improvement in the pla-
cebo group. In the second, electroacupuncture study, 
a significant decrease in knee pain was reported in the 
experimental group, 24 hours post treatment, when 
compared to the placebo group (weighted mean dif-
ference (WMD) �2.0 with 95% CI �3.6 to �4.0). A 
significant decrease was found also at 4 months post 
treatment (WMD �0.2, 95% CI �0.36 to –0.04). 
Although the results show both acupuncture and 
electroacupuncture may be beneficial to reduce symp-
tomatic knee pain in patients with RA, the reviewers 
concluded that the poor quality of the trial, including 
the small sample size, precluded its recommendation.

Occupational therapy
Occupational therapy interventions include advice on 
joint protection, energy conservation and problem -
solving skills, instruction about assistive devices and 
provision of splints. There is good  evidence that 
“instruction on joint protection” is  beneficial and 
provision of splints (Fig. 10.3) has been shown to 
decrease pain [61]. As with education, the timing of 
intervention is important, positive changes being 
more likely if the patient perceives it as relevant to 
their needs at the time.

Orthotics
In addition to splints, other forms of orthoses can 
be very helpful in reducing pain. Simple provision 

of a walking stick can reduce knee pain when held 
in the contralateral hand by “unloading” the joint. 
Metatarsalgia (pain over the MTP joint in the fore-
foot) is a common problem in early RA. Provision of 
an insole with forefoot support can effectively reduce 
pain [62].

Surgery
The major indications for surgery in RA are pain and 
functional loss despite full medical treatment. In well-
selected patients surgery is highly effective at reliev-
ing pain, even at the expense of some mobility. RA 
patients are probably at greater risk of complications 
than other arthritis patients, due to co-morbidity and 
drug effects. In general, surgery is of benefit to patients 
with advanced, established RA in which irreversible 
destructive change has occurred. Exceptions to this 
might include synovectomy or arthroscopic lavage for 
persistently inflamed joints but in general inflamma-
tion is better treated with drugs.

Synovectomy is a useful way of reducing a large 
mass of inflammatory tissue and is often combined 
with another procedure – for example, wrist synovec-
tomy may be combined with excision of the radial 
head. Tenosynovectomy and tendon reconstruction 
can also be performed.

Joint fusion (arthrodesis) eliminates joint motion 
and hence pain though it does increase stress on adja-
cent joints: wrist, IP joint and talonavicular joints are 
all amenable to fusion.

Joint replacement (e.g. hip, knee) is highly effective 
at reducing pain in appropriately selected patients: at 
3 years pain decreased by 29% in RA patients  having 

Figure 10.3 Splinting in RA.
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total hip replacemement (compared with 56% in 
OA). For total knee replacement, a 19% fall in pain in 
RA was seen compared with 48% in OA [63].

Surgery in RA is often multiple and requires careful 
advance planning. Some practical rules include:

stage surgery to avoid immobilization and preserve 
function
replace lower limb joint before upper, as rehabili-
tation using crutches or sticks is much harder on 
replaced joints
replace hips before knees as during total hip 
replacement the knee will be manipulated and 
stressed
correct foot problems if possible before large joint 
replacement.

Future research into pain 
associated with rheumatoid 
arthritis

Pain is an almost inevitable consequence of RA: 
research into better ways of treating the disease will 
therefore improve outcomes in terms of pain. The 
introduction of biologic therapies has revolution-
ized our treatment: future research should continue 
to identify new components of the immune response 
that might be amenable to targeted therapy. This is 
already happening to some extent: B cells, IL-1, IL-6, 
IL-10, adhesion molecules and co-stimulatory mol-
ecules are all being investigated as potential targets 
for inhibition. New biologic drugs should maxi-
mize efficacy whilst minimizing toxicity, especially 
infection. Data on the long-term effects of these 
drugs should continue to be collected, for example 
using national registries such as the BSR Biologics 
Database. Cost is currently a limiting factor in use 
of biologics and novel (cheaper) ways of making 
such drugs would potentially allow extension of 
their use. Finally, identifying those patients likely to 
respond to a particular drug would be of great value 
in reducing the time and money lost by using expen-
sive  therapies that are  subsequently found to be inef-
fective in that  individual. Genetic study of response 
to drugs (pharmacogenomics) will offer the poten-
tial to, for example, identify whether one particular 
individual is more likely to respond to anti-TNF 
whist another may respond to anti-B cell and a third 
to anti-IL-10.

•

•

•

•

Many patients describe flares of RA, with 
 exacerbation of all symptoms including pain, after 
stressful events such as bereavement or divorce. The 
relationship between mood, stress and the immune 
response is another potential area of research. Early 
work suggests that abnormalities in the hypotha-
lamic-pituitary-adrenal axis may provide a link 
between psychosocial stress and disease activity 
in RA. 

Personal recommendations 
for management

Management of pain in RA requires a multidiscipli-
nary team approach and early referral to secondary 
care is essential [64]. Confirmation of the diagnosis is 
by clinical assessment supported by simple investiga-
tions such as a measure of the acute phase response 
(CRP or plasma viscosity), measurement of rheu-
matoid factor (RF) and plain radiography of hands 
and feet. If there is diagnostic doubt (for example, 
if a positive RF is found but the patient is clinically 
atypical for RA, raising the possibility that the RF 
is false positive), measurement of anti-CCP anti-
bodies and use of more sensitive methods to detect 
inflammation such as ultrasound of the small joints 
of the hand should be employed. NSAID should be 
started early, unless contraindicated. Confirmation 
of  diagnosis should lead to aggressive therapy, with 
disease-modifying drugs being introduced if signs of 
inflammation persist 3 months after onset. My pre-
ferred drug is methotrexate, initially 7.5 mg weekly, 
increasing by 2.5 mg every month until disease con-
trol is achieved. Alternatives would be sulfasalazine 
1 g bd. Prednisolone 7.5 mg daily with appropriate 
bone protection should be added for the first 2 years 
in all patients at high risk of progression and others 
in whom the inflammatory response is inadequately 
controlled.

Failure to respond to a DMARD (as measured by 
DAS) should trigger a switch to another DMARD. 
Failure of three or more DMARDs, alone or in 
 combination, should result in anti-TNF therapy being 
initiated. Failure of one anti-TNF drug is followed by 
rituximab or a second anti-TNF drug.

On diagnosis, all patients should be assessed by a 
physiotherapist, occupational therapist and  specialist 
nurse and the pain-controlling measures outlined 
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above initiated. Surgical referral, ideally to a surgeon 
with a special interest in surgical management of RA, 
is undertaken as required.

Potential barriers to implementation of this algo-
rithm include:

delayed presentation by patients to primary care
delayed recognition and referral from primary to 
secondary care
centrally directed political constraints such as 
a move to place all rheumatology care in the 
community
lack of provision of a multidisciplinary team
lack of resources to monitor patients closely (essen-
tial if lack of response is to be picked up quickly 
and changes made)
financial constraints on provision of drugs, espe-
cially biologic therapies 
lack of good patient-centered outcome measures.

Conclusion

Pain is the most important symptom of RA: about 
50% patients describe themselves as being in 
“constant pain.” Management of RA pain is best 
achieved by a multidisciplinary approach tailored 
to the individual and using a variety of drug and 
nondrug treatments. The introduction of TNF-α 
blockade has revolutionized the treatment of RA, 
though cost, nonresponse, increased risk of infec-
tion and possible increased risk of malignancy are 
likely to limit their use to those patients at risk of 
severe disease. Induction of remission with TNF-
α blockade and maintenance with traditional 
DMARDs is a potentially attractive approach for 
the future as it may reduce the need for long-term 
biologic therapy.

Many other biologic therapies are now in develop-
ment for use in RA (and other automimmune dis-
eases). With early diagnosis and effective treatment, a 
complete cure for RA may be a realistic goal within 
the next 10 years.
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Background

Many randomized controlled trials have been con-
ducted on the pharmacologic and nonpharmacologic 
treatment of fibromyalgia syndrome (FMS). A sub-
stantial number of systematic reviews have also been 
published, in which the evidence from these trials 
has been summarized. Recently, three evidence-based 
guidelines gave recommendations on the manage-
ment of FMS. The recommendations of the American 
Pain Society [1] were based on a systematic search of 
the literature until April 2004. The European League 
Against Rheumatism EULAR [2] conducted a system-
atic search of the literature up to December 2005. The 
German Association of Pain Therapy, an umbrella 
organization of the medical and psychological socie-
ties involved in the treatment of patients with chronic 
pain, co-ordinated an interdisciplinary guideline with 
10 scientific societies and two patient self-help organ-
izations. The systematic search included literature 
published up to December 2006 and the recommen-
dations were built following a structured consensus 
process [3]. This chapter on evidence-based medicine 
for FMS provides an overview of the current evidence 
on treatment of FMS and summarizes how this evi-
dence has been translated into the US-American and 
German guideline recommendations.

Definition and classification

According to the criteria of the American College 
of Rheumatology (ACR), fibromyalgia syndrome is 
defined as chronic (�3 months) widespread pain 
(CWP) (including pain on both sides of the body, 
above and below the waist, and axial pain) and ten-
derness on manual palpation in at least 11 out of 18 
defined tender points [4]. Chronic widespread pain 
and tender points do not capture the essence of all 
FMS-associated symptoms [5, 6]. Other key symp-
toms of FMS are fatigue and nonrestorative sleep. 
Most patients complain of additional somatic and 
psychological symptoms [7, 8].

The term “fibromyalgia syndrome” is preferable to 
“fibromyalgia” because the definition of FMS according 
to the ACR-criteria is based on a combination of symp-
toms (CWP) and clinical findings (tenderness). Because 
no consistent anatomic or specific pathophysiological 
mechanisms have yet been identified [9], FMS can be 
classified as a functional somatic syndrome [10, 11]. 
“Fibromyalgia” is listed in the International Classification 
of Diseases of the World Health Organization within 
Chapter M, “Diseases of the musculoskeletal system and 
connective tissue,” with the code M 79.7 [12].

Fibromyalgia syndrome is not a distinct nosologic 
entity like a myocardial infarction following an occlu-
sion within the coronary vasculature. Symptoms of 
FMS are more like other continuous medical vari-
ables such as blood pressure or coronary sclerosis for 
which clinically relevant limits have been defined to 
differentiate normal from borderline and pathological 
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conditions. Within this context, FMS can be concep-
tualized as the extreme of a continuum of distress 
caused by pain, fatigue, sleeping problems, and cog-
nitive disturbances [13–15]. Chronic pain in different 
sites of the body and fatigue are common symptoms 
in the general population as well as in several somatic 
diseases and mental disorders [16, 17]. CWP has been 
the focus of independent research and results have 
been included in this review. Tender points can be 
found in painful conditions other than FMS as well 
as in a small percentage of subjects without pain [18]. 
FMS, according to the ACR criteria, defines a distinct 
clinical syndrome at the end of a continuum of pain 
sites, fatigue and tender points[18, 19].

Prevalence

Prevalence in the general population
A review of 10 studies from different Western countries 
reported a prevalence of FMS according to the ACR 
criteria in the general adult population of between 
0.7% and 3.3%. The prevalence in women was between 
1.0% and 4.9%, in men between 0.0% and 1.6%. The 
sex ratio of women to men was 2–21:1 [20]. Most 
patients were between 40 and 60 years old but FMS can 
also be diagnosed in children and adolescents [21].

Prevalence in general practice
Only a few data on the prevalence of FMS in general 
practice are available. Within the UK General Practice 
Research Database, an increase of the incidence of 
FMS from less than 1 per 100,000 in 1990 to 35 per 
100,000 in 2001 was found. The rising incidence rates 
most likely reflect trends in diagnostic labeling rather 
than true changes in incidence [22]. In a Dutch study 
using a postal questionnaire, 83% of the GPs reported 
one or more FMS patients in their practice. The esti-
mated prevalence of FMS as recognized by GPs is low, 
with 157 patients per 100,000 [23]. The low preva-
lence in primary care can be explained by the fact that 
GPs are reluctant to use the tender point examination 
and the diagnostic category of “FMS” [24]. 

Prevalence in rheumatologic practices
In a cross-sectional study in a population of patients 
cared for by rheumatologic practices in public Spanish 
hospitals, the prevalence of fibromyalgia was 12% 
(2.2% in men and 15.5% in women) [25]. 

Prevalence in inpatients
In Israel, the prevalence of FMS in patients hospitalized 
on internal medicine wards was reported to be 15% 
[26]. We found no data on the prevalence of FMS in 
pain clinics. The percentage of inpatients with chronic 
widespread pain in German pain clinics was reported 
to be 25–30% [27] (Schiltenwolf, personal communi-
cation, 2008). The percentage of inpatients with the 
primary diagnosis of FMS in a German interdisci-
plinary secondary care pain clinic was 3.6% (Gockel, 
personal communication, 2008). The lack of data on 
FMS in German pain clinics can be explained by the 
skepticism of most pain therapists about the use of this 
diagnostic category. Most patients with FMS are coded 
as “somatoform pain disorder” (Schiltenwolf, personal 
communication, 2008). The fact that the diagnosis of a 
somatoform pain disorder and inpatient multidiscipli-
nary treatment leads to higher remuneration than the 
diagnosis of FMS within the German diagnosis-related 
system might also explain the coding preferences of 
German pain therapists.

Course of fibromyalgia syndrome

A review of longitudinal studies on the natural course 
of FMS demonstrated that the symptoms of FMS per-
sist in the long run. Some patients adapt to the symp-
toms and the associated restrictions and report a better 
long-term satisfaction with their health status [11].

Risk factors

A risk factor can be defined as a characteristic, con-
dition or behavior that increases the possibility of a 
disease. The association between the condition and 
the disease should be demonstrated not only in clini-
cal populations but also in population-based studies. 
Risk factors can be assumed to be etiologic factors, if 
they contribute to the cause of a disease. The causal 
role of a factor should be demonstrated by prospec-
tive studies in the general population. Moreover, 
pathophysiologic studies should demonstrate an impact 
of the factor on a pathophysiologic mechanism of the 
disease. Therefore prospective population-based stud-
ies on CWP and FMS have the highest significance 
for the assessment of risk factors of FMS. The current 
knowledge on risk factors of FMS is summarized in 
Table 11.1.
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Risk factors for occurrence

Biologic risk factors
Genetics
There is a high aggregation of FMS in families of 
FMS patients. The mode of inheritance is unknown 
but is most probably polygenic. There is evidence 
of polymorphisms of genes in the serotoniner-
gic, dopaminergic, and catecholaminergic systems. 
These polymorphisms are not specific for FMS and 
are associated with other functional somatic disor-
ders and depression [28]. An analysis of participants 
of the Swedish Twin Registry examining proband-
wise concordance rates and tetrachoric correla-
tions suggested modest genetic influences for both 
women and men with CWP. Genetic and shared 
environmental influences explained approximately 
half of the total variance, with no indication of sex 
differences in either the type or magnitude of these 
influences [29].

Inflammatory rheumatoid disorder
An association between FMS and inflammatory rheu-
matologic disorders (rheumatoid arthritis, systemic 
lupus erythematosus, Sjögren’s syndrome) has been 
reported in 1–50% of patients [9]. 

Psychologic risk factors
Mental disorders
Compared with controls, FMS patients show a signi-
ficantly higher prevalence of depressive and anxi-
ety disorders, reported in 20–80% and 13–63.8% of 

cases, respectively. This high variability may depend 
on the psychosocial characteristics of patients, since 
most of the studies were performed in tertiary care 
settings. Even referring to the lower percentages, 
the occurrence of mental disorders is significantly 
higher in FMS subjects compared to the general 
population [30]. Co-morbid post-traumatic stress 
disorders have been reported in 30–60% of FMS 
patients [9]. Moreover, elevated frequencies of men-
tal disorders have been described in relatives of FMS 
patients [30, 31]. The FMS/mental disorder aggrega-
tion suggests a common pathophysiology, and alter-
ations of neurotransmitter systems may constitute 
the shared underlying factors [30].

Depressed mood
A prospective Norwegian population-based study 
found that depressed mood predicted the manifesta-
tion of FMS in patients with only local pain on the 
initial assessment [32].

Functional somatic syndromes
The prevalence of other functional somatic syndromes 
such as chronic fatigue syndrome or irritable bowel 
symptoms has been reported as 30–80%, depending 
on the setting and the diagnostic methods used [33]. 
The frequent aggregation of functional somatic syn-
droms suggests a common pathophysiology [17].

Somatization
Two British population-based studies found that soma-
tization predicted the manifestation of CWP [34, 35]. 

Table 11.1 Risk factors for occurrence and chronicity of chronic widespread pain and fibromyalgia 
syndrome in adults

Occurrence Chronicity

Biologic risk factors Family aggregation
Inflammatory rheumatoid disorder

Physical co-morbidity

Sociodemographic factors Age
Female sex
Lower social class index

Psychologic factors Depressed mood
Family aggregation
Mental disorders
Occupational psychologic stressors
Somatization

Mental co-morbidity
Negative life events
Psychologic distress
Somatization

Occupational factors Occupational mechanical burdens 
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Somatization was a stronger predictor of the manifes-
tation of CWP than work-related mechanical factors 
[34]. A population-based British study demonstrated 
that subjects were at substantially increased odds of 
developing CWP if they displayed features of somatiza-
tion, healthcare-seeking behavior and poor sleep [36]. 

Childhood adversities
Numerous retrospective case–control studies have 
shown that traumatic experiences (maltreatment, 
sexual abuse, emotional neglect) during childhood are 
more frequently reported by FMS patients in clinical 
populations than by medically ill or healthy controls 
[31]. However, these studies are biased due to recall set-
ting and response bias [37]. A British population-based 
case–control study found an association between CWP 
and hospital treatment in childhood, but not with sex-
ual abuse or chronically ill parents [38]. A systematic 
review of prospective studies on sexal abuse in child-
hood and chronic pain syndromes in adulthood found 
no clear evidence for a causal relationship to FMS [37].

Negative life events in adulthood
Although retrospective studies in clinical samples sug-
gest that the onset of FMS is frequently associated with 
various types of negative life events [31], prospective 
population-based studies failed to demonstrate an 
increased risk of FMS-like pain complaints following 
the World Trade Center terrorist attack [39].

Daily hassles
Workplace bullying, high workload and low decision 
latitude were associated with an increased incidence 
of diagnosed FMS within a Finnish prospective 
population-based study [40].

Sociodemographic factors
Sex
The mechanisms of gender differences in FMS are not 
fully understood. An interaction between biologic, psy-
chological and sociocultural factors has been postulated 
[41]. Between puberty and menopause, adult women 
usually show lower responses of the hypothalamic-
pituitary-adrenal axis (HPA) and autonomic responses 
than men of the same age [42]. Female gender is a risk 
factor for psychologic distress and some mental disor-
ders (affective and anxiety disorder, PTSD) which are 
associated with FMS. Functional somatic syndromes 

are more common in women than in men [33]. 
Women tend to report more physical and psychologic 
symptoms and exhibit a more intensive healthcare-
seeking behavior than men [41].

Social class
Within the framework of a German population-
based cross-sectional study, subjects with FMS had a 
3.6-fold risk of having a lower social class level, when 
compared to people without chronic pain [43].

Physical and occupational factors
Physical injury
The German FMS guideline group found two pro-
spective studies with conflicting results regarding the 
occurrence of FMS after a traffic injury with initial 
neck pain [9].

Occupational factors
A British population-based prospective survey found 
that pushing/pulling heavy weights, repetitive wrist 
movements, kneeling and local pain complaints at 
baseline were associated with new-onset chronic 
widespread pain. However, the strongest predictor 
was a high score on the Illness Behavior Scale [44]. 
Harkness et al. [45] demonstrated in a prospective 
British study that those who reported low job satis-
faction, low social support, and monotonous work 
had an increased risk of new-onset widespread pain. 

Risk factors for chronicity
Somatization
In a British prospective, population-based study, per-
sistent chronic widespread pain was strongly associ-
ated with baseline test scores for high psychologic 
distress and fatigue. In addition, these subjects were 
more likely to display a pattern of illness behavior 
characterized by frequent visits to medical practition-
ers for symptoms disrupting daily activities [46].

Co-morbidities
An American prospective study with FMS patients 
from both tertiary care and community settings found 
that poorer health status and more co-morbidity
at baseline were predictors of poorer health status 6 
months later. After controlling for these co-variates, 
psychologic distress still contributed significantly to 
the model [47].



Fibromyalgia

125

Negative life events
Norwegian FMS patients were followed for 4.5 years. 
Receiving a permanent disability pension or having 
experienced an excess of major negative life events 
predicted a negative outcome [48].

Protective factors

An Australian prospective study with FMS patients 
from community rheumatologic practices found that 
regular physical exercise, rather than medication or 
specific physical therapies, correlated highly with low 
FMS activity scores. Analysis of mood and coping 
strategies at the 2-year review showed low correla-
tions with current FMS activity [49]. Norwegian FMS 
patients were followed for 4.5 years. An adequate 
physical activity level and increasing age predicted 
a positive outcome [48]. Another Norwegian study 
reassessed women with FMS who had participated in 
exercise and patient education programs after 6 and 
8 years. Adjusting to the new situation and distrac-
tion from symptoms, as well as frequent participation 
in physical activities, were associated with a benign 
long-term outcome [50].

Pathophysiology

Several potential pathophysiologic mechanisms for 
FMS have been described, but their causal relation-
ship are unclear because of the cross-sectional nature 
of all these studies. Potential mechanisms include 
central nervous system (CNS) pain-processing abnor-
malities, hyporeactivity of the HPA axis, increased sys-
temic proinflammatory and reduced anti-inflammatory 
cytokine profiles, and disturbances in the dopaminer-
gic and serotonergic systems [9]. Potential linked or 
underlying genetic mechanisms have been described 
above. Cross-sectional studies suggested that FMS 
may be related to hypofunctional stress systems, par-
ticularly in the autonomic nervous system (ANS) and 
the HPA axis. Studies have demonstrated that patients 
with FMS exhibit lowered sympathoadrenal reactivity 
to stress [51].

A prospective British population-based study 
assessed relationships between psychosocial and 
biologic variables relevant for CWP. Abnormalities 
of HPA function were more marked in people with 
established CWP than in those at risk of CWP. Some 

aspects of the altered function were related to psycho-
social distress [52]. Another prospective population-
based cohort study of the same study group revealed 
that dysfunction of the HPA axis (high levels of corti-
sol post dexamethasone, low levels in morning saliva 
and high levels in evening saliva) within a group of 
subjects free of CWP but at future risk based on their 
psychosocial profile helped to distinguish those who 
would and would not develop new-onset CWP [35]. 
Thus, dysfunction of the HPA axis can be triggered by 
psychosocial distress. On the other hand, coping with 
psychosocial distress can be impeded by a genetically 
based hyporeactivity of the HPA axis.

The biopsychosocial model of FMS postulates that 
there is a heterogeneity in the genetic and psychologic 
predispositions as well as in the vegetative, endocrine 
and central nervous system reactions. Different etio-
logic factors and pathophysiologic mechanisms lead 
to a common pathway of symptomatology currently 
classified as FMS [9]. 

Diagnosis

History taking 
Patients presenting with chronic mono- or oli-
golocular pain should be asked for potential other 
pain locations. A pain diagram helps to identify 
patients with CWP. If CWP is diagnosed, other key 
symptoms of FMS (fatigue/nonrestorative sleep and 
increased morning stiffness/swelling of the fingers or 
the hands) should be actively explored. The German 
interdiscplinary guideline recommends the establish-
ment of a symptom-based diagnosis of FMS if symp-
toms in all the following three symptom domains are 
reported by the patient: (1) CWP, (2) fatigue or non-
restorative sleep or sleep disturbances, and (3) sensa-
tions of stiffness or swelling in the hands or the feet 
or the face [11].

If the key symptoms of FMS are reported, patients 
should be screened for symptoms of other functional 
somatic syndroms and mental disorders as well as 
current psychosocial stressors. Moreover, restrictions 
of daily activities and subjective illness attributions 
should be asked for. Finally all types of medication 
used by the patient should be assessed since arthral-
gia, myalgia and fatigue can also be side effects of 
medication. Misuse of medication should be actively 
explored [11]. 
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Physical examination
There is an ongoing debate on the utility of the ten-
der point examination in the clinic. The ACR crite-
ria were primarily developed for the classification of 
FMS [4] to identify a group of patients with similar 
clinical features for future systematic studies. Their 
practicability and validity for clinical diagnosis have 
never been tested outside a rheumatologic setting. 
Nevertheless, a history of CWP � 3 months and the 
finding of tenderness in at least 11 of 18 tender points 
with manual palpation using approximately 4 kg of 
pressure have become the gold standard of FMS diag-
nosis in clinical studies. Their use was recently recom-
mended by an editorial in the Journal of Rheumatology 
[18] but the diagnostic use of tender point examina-
tion in clinical practice has been criticized by various 
authors, for the following reasons [53, 54].

Fibromyalgia syndrome is the only functional 
somatic syndrome (FSS), which is defined and diag-
nosed by symptoms and a clinical sign. FSS in other 
medical disciplines such as irritable bowel syn-
drome, chronic tension headache, and nonspecific 
low back pain are “symptoms-only diagnoses.” 
The tender point count has been shown to be influ-
enced by the interaction between patient and exam-
iner [55]. Despite efforts to standardize the procedure, 
such as the manual tender point survey [56], it has not 
been shown to be reproducible across different clinical 
settings. It is a poor marker of change in clinical stud-
ies and controversial in legal situations. 
There is general agreement that tender points are a 
marker of psychophysiologic distress [18] and not 
an objective measure of tenderness [57]. Therefore 
the limited time of medical consultation should be 
used to explore psychosocial distress rather than to 
press on tender points. Most nonrheumatologists 
are reluctant to use the tender point examination 
because of the time involved [24].
A complete physical examination including ortho-
pedic and neurologic examination is recommended 
to reveal signs of internal or neurologic disorders 
mimicking the key symptoms of FMS [11].

Questionnaires
Wolfe [58] developed survey criteria for FMS. Here, 
FMS is simply diagnosed by a questionnaire, the 
regional pain scale. FMS is diagnosed if the patient 
indicates pain in at least 11 of 19 pain sites and reports 

•

•

•

•

a fatigue score 6 on a 11-point visual analog scale 
(VAS). The use of standardized somatic symptom 
scales and questionnaires such as the Patient Health 
Questionnaire PHQ [59] can be considered in primary 
care. Restrictions of daily life associated with FMS 
symptoms can be assessed by the Brief Pain Inventory 
[60] or the Fibromyalgia Impact Questionnaire [61].

Blood tests and diagnostic imaging
The following routine blood tests are recommended 
by the German interdisciplinary FMS guideline for 
patients with CWP (potential differential diagnosis 
are indicated in parentheses):

blood sedimentation rate, C-reactive protein, red 
and white cell blood count (polymyalgia rheumat-
ica, rheumatoid arthritis)
creatinine kinase (muscle disease)
calcium (hypercalcemia)
thyroid-stimulating hormone (hypothyreosis)
depending on history and examination, further blood 
tests can be necessary if other differential diagnoses 
are suspected.

Without cinical signs, routine testing for antibodies 
associated with inflammatory rheumatologic diseases 
is not recommended. A Canadian study in outpa-
tient secondary care found no predictive value of 
the assessment of antibodies associated with inflam-
matory rheumatologic diseases in patients with a 
history of CWP and fatigue in the absence of other 
features such as joint swelling, typical rashes or organ 
involvement [62]. If no other diseases which require 
imaging studies for diagnosis are suspected on clini-
cal grounds, X-rays or other diagnostic imaging stud-
ies are not recommended. A Norwegian longitudinal 
study in primary care demonstrated a low diagnostic 
value of imaging studies in patients with CWP [63]. 

Referral to specialists
In a case of suspected medical, neurologic or psychi-
atric disease or the presence of dysfunctional coping 
styles, referral to a specialist is recommended [24].

Treatment

Problems of evidence-based medicine
The majority of the numerous therapies used in 
FMS have been systematically reviewed recently, 

•

•
•
•
•
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 including aerobic exercise [64, 65], complementary 
and  alternative therapy [66], multicomponent ther-
apy [67], patient education [24], physical therapy 
and physiotherapy [65], pharmacologic therapy [68], 
and psychotherapy [69]. The reviews demonstrate 
that there is no therapy that works in every patient. 
If defined in the study results, responders and non-
responders can be found with similar rates in phar-
macologci and nonpharmacologic therapies. Overall 
evidence is limited to middle-aged women with FMS 
without co-morbidity. The German FMS guideline 
group found only one RCT in children and adoles-
cents, which demonstrated a superiority of cognitive 
behavioral therapy over self-monitoring at the end of 
therapy [70]. Most studies excluded patients with rel-
evant physical and mental co-morbidities [71]. Men 
were either excluded or no separate analysis for men 
was performed. 

The question of how to manage a life-long disor-
der remains unanswered by all controlled studies. 
There is evidence for the short-term effectiveness of 
some pharmacologic and nonpharmacologic thera-
pies. Most studies lasted between 4 and 12 weeks and 
assessed the outcomes at the end of the treatment 
period. There currently is no evidence of a long-term 
effectiveness (�6 months) of pharmacologic and 
physical therapies. There is only limited evidence for 
the long-term effectiveness of aerobic exercise [65], 
multicomponent therapy [67] and cognitive behav-
ioral therapy (CBT) [69], based on follow-up periods 
ranging from 6 to 24 months. There is limited evi-
dence of the cost-effectiveness of operant pain ther-
apy and spa therapy [72, 73].

General principles of management of FMS

Self-management
Currently, FMS cannot be cured by any therapy and 
overall treatment effects are modest at best. According 
to expert opinion, the aims of therapy are the pres-
ervation or improvement of daily functioning and 
coping with symptoms and disabilities. Coping with 
symptoms includes both the acceptance of symptoms 
and of some limitations (e.g. hard physical work) as 
well as continous self-management (physical activ-
ity, stress management) to reduce the impact of the 
symptoms. Therefore the patient has the major task 
in FMS therapy[1, 24].

Collaboration
Various healthcare providers may be involved in the 
treatment of FMS. Although there may be some vari-
ations between countries, exercise therapists, general 
practitioners, neurologists, orthopedic surgeons, pain 
therapists, psychiatrists, physiotherapists, psycholo-
gists, rheumatologists and others may all be involved. 
The primary care physician has a central role in the 
co-ordination of the management. It is important 
that information and treatment are consistent across 
professions and specialties, and that healthcare pro-
viders closely collaborate with each other, with 
patients and their self-help organizations [24].

Systematic reviews of the effectiveness 
of treatments for FMS

Interventions strongly supported by evidence
Evidence on the most frequently used treatments of 
FMS is summarized in Box 11.1. Of the pharmaco-
logic treatments, only duloxetine, milnacipran and 
pregabalin had been approved for use in FMS in the 
USA, but not by the EMEA for use in FMS in Europe.

Antidepressants
The German FMS guideline group systematically 
reviewed 26 RCT on antidepressants. Amitriptyline, 
studied in 13 RCT, was efficient in reducing pain with 
a moderate magnitude of benefit (pain reduction by a 
mean of 26%, improvement in quality of life by 30%). 
Selective serotonin reuptake inhibitors (SSRI) were 
studied in 12 RCT, which also gave positive results, 
except for the two studies on citalopram and one 
on fluoxetine. Three RCT on the dual serotonin and 
noradrenaline reuptake inhibitors (SNRI) duloxetine 
and milnacipran reported positive results at the end 
of therapy. Results concerning the effectiveness of the 
monoamine oxidase inhibitor (MAOI) moclobemide 
(300–600 mg/day) were conflicting [71].  Eighteen 
RCT (median duration 8 weeks, range 4–38 weeks) 
involving 1427 subjects were suitable for meta-analy-
sis. There was strong evidence for an association of 
antidepressants with reduction in pain (standard 
mean difference (SMD) –0.43, 95% confidence inter-
val (CI) –0.55 to –0.30), fatigue (SMD –0.13, 95% CI 
–0.26 to –0.01), depressed mood (SMD –0.26, 95% 
CI –0.3 to –0.12) and sleep disturbances (SMD –0.32, 
95% CI –0.46 to –0.18). There was strong evidence 
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Box 11.1 Evidence of treatments for adult fibromyalgia syndrome

Interventions strongly supported by evidence (systematic reviews) 
Aerobic exercise 
Amitriptyline
Balneo- and spa therapy
Cognitive behavioral therapy
Cyclobenzaprine
Duloxetine
Fluoxetine
Pregabalin
Multicomponent treatment programs

Interventions supported by evidence (at least two RCT with consistent results)
Homeopathy
Hypnotherapy/guided imagery
Mindfulness meditation
Patient-centered communication
Tramadol
Tropisetron
Vegetarian diet
Whole-body heat therapy
Written emotional disclosure

Commonly used interventions currently unproven (only one RCT with low quality, 
RCTs with conflicting results or no RCT available) 
Acetaminophen
Acupuncture
Body awareness therapy
Lidocaine infusions 
Lymph drainage
Massage
Metamizol 
Muscle relaxants other than cyclobenzaprine
Osteopathy
Qi-gong
Physiotherapy
Psychodynamic therapy
Tender point injections
Tramadol/acetaminophen

Interventions strongly refuted by evidence (systematic reviews)
Anxiolytics
Biofeedback as single intervention
Citalopram
Corticosteroids
Neuroleptics
Nonsteroidal agents
Patient education as single intervention
Relaxation therapy as single intervention
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for an association of antidepressants with improved 
health-related quality of life (HRQOL) (SMD –0.31, 
95% CI –0.42 to –0.20). Effect sizes for pain reduc-
tion were large for tricyclic antidepressants (TCA) 
(SMD –1.64, 95% CI –2.57 to –0.71), medium for 
MAOI (SMD –0.54, 95% CI –1.02 to –0.07) and small 
for SSRIs (SMD –0.39, 95% CI –0.77 to –0.01) and 
SNRIs (SMD –0.36, 95% CI –0.46 to –0.25)[74]. 

Balneo- and spa therapy
McVeigh et al. [75] systematically reviewed 10 RCT 
with balneo- or spa therapy or pooled-based exer-
cises. Improvements were demonstrated in pain, 
health status, anxiety, fatigue, in addition to func-
tion and aerobic capacity. However, for the most part, 
improvements tended to be shor-lived.

Cyclobenzaprine
Tofferi et al. [76] included five RCT with cycloben-
zaprine, a muscle relaxant with additional profile of 
a TCA, in their meta-analysis. The odds ratio (OR) 
for a global improvement was 3.0 (95% CI 1.6–5.6).
Cyclobenzaprine is not licensed in most European 
countries.

Cognitive behavioral therapy (CBT)
The German FMS guideline group reviewed 14 RCT 
on CBT. Most studies lasted between 6 and 15 weeks, 
and most therapies comprised 6–30 hours of interven-
tion. Twelve of the 14 studies found a superiority of 
CBT in most outcomes at the end of the therapy. Nine 
of the 14 studies performed follow-ups and 5/9 stud-
ies reported a persistant reduction of FMS symptoms 
after 6–24 months [69]. Twenty-two out of 33 relevant 
studies investigating 1209 subjects could be meta-ana-
lyzed. CBT had large effects on pain, self-efficacy and 
disability only at follow-up. Hypnotherapy has a large 
effect on the improvement of self-efficacy pain and a 
medium effect on the improvement of pain post treat-
ment and at follow-up [77].

Exercise
Busch and co-workers  [64] systematically reviewed 34 
studies. Meta-analysis of six studies provided moder-
ate-quality evidence that aerobic-only exercise training 
at American College of Sports Medicine-recommended 
intensity levels has positive effects on global well-being 
(SMD 0.49, 95% CI 0.23�0.75) and physical function 
(SMD 0.66, 95% CI 0.41�0.92) and possibly on pain 

(SMD 0.65, 95% CI �0.09 to 1.39). Strength and flex-
ibility remain underevaluated;  however, strength train-
ing may have a positive effect on FMS symptoms.

Multicomponent treatment (MT) programs
There is no internationally accepted definition of mul-
ticomponent therapy. The existing systematic reviews 
on MT agree that MT should include at least one edu-
cational or other psychologic therapy and at least one 
exercise therapy [67, 78]. The German FMS guideline 
group meta-analyzed 9/14 RCT, with 1119 subjects with 
a median treatment time of 24 hours included in the 
meta-analysis. There is strong evidence that MT reduces 
pain (SMD �0.37, 95% CI �0.62 to �0.13), fatigue 
(WMD �0.85, 95% CI �1.50 to �0.20), depressive 
symptoms (SMD �0.67, 95% CI �1.08 to �0.26) 
and limitations of HRQOL (SMD �0.59, 95% CI
�0.90 to –0.27) and improves self-efficacy pain (SMD 
0.54, 95% CI 0.26�0.82) and physical fitness (SMD 
0.30, 95% CI 0.02�0.57) post treatment. There is no 
evidence of the efficacy of MT on pain, fatigue, sleep 
disturbances, depressive symptoms, HRQOL and self-
efficacy pain in the long term. There is strong evidence 
that the positive effects on physical fitness (SMD 0.30, 
95% CI 0.09–0.51) can be maintained in the long term 
(median follow-up 7 months) [79].

Pregabalin
In a meta-analysis of four RCTs with PGB and one 
RCT with gabapentin with a parallel design there was a 
strong evidence for the reduction of pain (SMD �0.28, 
95% CI �0.36 to �0.20; P < 0.001), improved sleep 
(SMD �0.39, 95% CI �0.48 to �0.39; P < 0.001), 
and improved health-related quality of life (HRQOL) 
(SMD –0.30, 95% CI �0.46 to �0.15; P < 0.001), but 
not for depressed mood (SMD �0.12, 95% CI –0.30 
to 0.06; P = 0.18). There was strong evidence for a not 
substantial reduction of fatigue (SMD = �0.16, 95% 
CI �0.23 to �0.09, P < 0.001) and of anxiety (SMD = 
�0.18, 95% CI �0.27 to �0.10). The external validity 
was limited because patients with severe somatic and 
mental disorders were excluded [80].

Interventions supported by evidence
Some further interventions supported by evidence 
(at least two RCT with consistent results or majority 
of RCT with consistent results) are listed in Box 11.1. 
In a systematic search of the literature up to December 
2006, the German FMS guideline group found six RCT 
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on balneo- and spa therapy, two studies on home-
opathy, five studies on hypnotherapy/guided imagery, 
three studies on patient-centered communication, two 
RCT on vegetarian diet, three RCT on whole-body heat 
therapy, two on written emotional disclosure, three on 
tropisetron, and three on tramadol (one in combina-
tion with acetaminophen), fulfilling the criteria defined 
above [24, 65, 66, 68, 69]. Since December 2006 further 
RCT on pharmacologic, psychotherapeutic and physi-
cal treatment have been published which support the 
efficacy of the interventions mentioned above. 

Regarding further treatment options, we wish to 
highlight two RCT with consistent results on mind-
fulness meditation [81, 82]. 

Interventions not supported by evidence
It is important to note that evidence is lacking for 
the effectiveness of frequently used pharmacologic 
treatments of FMS [7, 11], such as acetaminophen, 
metamizol, opioids other than tramadol or muscle 
relaxants other than cyclobenzaprine, as well as for 
frequently used nonpharmacologic therapies such as 
massage, osteopathy or lymph drainage. 

The German FMS guideline group found inconsist-
ent results in eight RCT on patient education as sin-
gle intervention and seven studies with massage with 
conflicting results [24, 65]. Furthermore, inconsistent 
results of five controlled trials each on biofeedback 
and relaxation therapy (including autogenic training 
and progressive muscle relaxation) were found [69].

Interventions strongly refuted by evidence
There is evidence for the noneffectiveness of the 
most frequently used drug class in FMS, nonsteroidal 
agents. Furthermore, a systematic review found RCT 
with negative results for anxiolytics, corticosteroids 
and neuroleptics [68].

Mayhew & Ernst [83] systematically reviewed five 
RCT on acupuncture (traditional Chinese acupunc-
ture and electroacupuncture) and concluded because 
of conflicting results that acupuncture is not effective 
in FMS therapy.

A stepwise treatment approach to FMS
A graded treatment approach to functional somatic 
syndromes is recommended [10]. The American Pain 
Society (APS) [1] and the German Interdisciplinary 
Guideline Group [24] both recommend a stepwise 
treatment approach. 

Treatment should begin with confirming the diag-
nosis and patient education. Self-management and 
patient-centered communication are regarded as 
key principles of FMS therapy. Both guidelines rec-
ommended first, second and third lines of therapy 
depending on the course of symptoms, the existence of 
relevant restrictions of daily activities and the response 
to different treatment modalities. The APS recom-
mended individualized exercise and CBT as first-line 
therapy. The German guideline recommended aerobic 
exercise, CBT, amitriptyline and treatment of physical 
and mental co-morbidities as single interventions or 
combined as first-line therapies. 

In cases of persisting symptoms after first-line 
treatment, the APS recommended tender point 
 injections, local manual therapies and acupuncture 
for focal pain, tramadol, SNRI, anticonvulsants for 
generalized pain, and psychiatric treatment in cases 
of major mood disorder as second-line therapy. The 
German guideline recommended multicomponent 
therapy in cases of persisting restrictions of daily 
activities as second-line therapy. 

Multidisciplinary pain management, psychopharma-
cology, opioids, experimental therapies and combina-
tions is the third-line therapy recommended by the APS 
in cases of persisting symptoms. In cases lacking adap-
tation to symptoms or persistent restrictions of daily 
functioning, the German guideline recommended either 
no therapy or self-management (aerobic exercise, stress 
management, pool-based exercise), or booster multi-
component therapy, or psychotherapy (hypnotherapy, 
written emotional disclosure), or pharmacologic ther-
apy (duloxetine or fluoxetine or paroxetin or prega-
balin, or tramadol with or without acetaminophen), 
or complementary/alternative therapies (homeopathy, 
vegetarian diet) as third-line therapy. The choice of 
treatment options should be based on informed patient 
consent, the patient’s preferences and co-morbidities, 
and the treatment options locally available [24].

Guidelines and implementation

The development and dissemination of guidelines do 
not automatically mean that patients and healthcare 
providers will read, understand and use these guidelines. 
The following strategies were designed to dissiminate 
and implement the German guideline.

The results of the systematic reviews and recom-
mendations of the guideline are published in scientific 
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journals and presented at the annual scientific meet-
ings of the societies involved. The scientific version of 
the guideline (complete and short version) is avail-
able on the homepages of the societies involved. The 
German Society of General and Family Medicine will 
develop and validate a pocket version of the guideline 
for primary care physicians. A patient version of the 
guideline is available on the homepages of the medical 
scientific societies as well as of the self-help organiza-
tions involved and published in the respective journals 
of the self-help organizations involved. The recom-
mendations were presented and discussed at regional 
patient–doctor meetings. Thus the strategies aim at 
modifying not only the practice of healthcare provid-
ers but also the knowledge and demands of patients. 
Patients are accessed by self-help organizations, by 
regional meetings, the internet and patients’ journals. 
The evaluation of the implementation strategies out-
lined will be a major challenge for the future.

Producing evidence of 
effectiveness in the future

Promising strategies include the identification of pre-
dictors of a positive treatment outcome [84] and of 
relevant subgroups that may benefit from more spe-
cific intervention tailored to coping strategies and co-
morbidity of mental disorders [69, 85]. Furthermore, 
there is a need to develop strategies to motivate 
patients for continuous self-management, such as 
maintaining the benefits of aerobic exercise, CBT, and 
MT after the end of treatment.

Authors’ recommendations

Researchers should take into consideration that causal 
relationships between FMS, stress/depression, central 
augmentation of pain processing, and hyporeactiv-
ity of the HPA axis might not be linear but recursive. 
Future research should leave simple linear etiopatho-
genetic models and prospectively study the interac-
tions between biologic and psychosocial variables and 
their underlying genetic factors.

The main therapeutic challenges are the development 
of cost-effective treatments tailored to defined FMS sub-
groups and the long-term efficacy of such approaches.

The aim of therapy is to enhance the self-manage-
ment of the patient to better cope with the symptom 
load, and to improve daily functioning. Therefore 

active treatment approaches (aerobic exercise, CBT) 
should be preferred.

Evidence-based guidelines for the management 
of FMS should be developed by an interdisciplinary 
approach and include patients in all stages of devel-
opment and implementation. It is important to note 
that many of the recommendations are not based on 
clinical studies, but rather the agreement of interdis-
ciplinary experts and patients and their joint vision 
of the management of FMS in a specific health system 
and societal context. 
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CHAPTER 12

Facial pain

Joanna M. Zakrzewska
Division of Diagnostic, Surgical and Medical Sciences, Eastman Dental Hospital, UCLH NHS Foundation Trust, London, UK

Background 

Orofacial pain is common and a UK community-
based survey showed that 19% of the sample reported 
some form of orofacial pain, with some 7% being 
chronic. Just under half seek professional help and up 
to 17% take time off work or are unable to carry on 
normal activities because of facial pain [1]. 

The location of the pain is often the determining 
factor as to whether a dental or medical professional 
is consulted and treatment is then determined by this 
[2]. The majority of orofacial pain will be of dental 
origin and is well managed by dental practitioners. 
More chronic oral pains, especially if they also have 
extraoral features, present a diagnostic dilemma as 
their management then falls between the dental and 
medical practitioners. 

Woda et al. [3] attempted to determine by the tech-
nique of cluster analysis whether there were key fea-
tures that distinguished different types of facial pain. 
They showed that there are clinical features that dif-
ferentiate trigeminal neuralgia, migraine and tension 
headaches into distinct clusters but atypical facial 
pain, atypical odontalgia and facial  arthromylagia 
(temporomandibular disorders – TMD) differed only 
in location of pain but otherwise could not be differ-
entiated from each other on symptomatology alone. 
Burning mouth was closely associated with this 
group but had some features which  differentiated it. 

Not all the causes of facial pain can be covered in 
this chapter but Table 12.1 provides a list of possible 

Table 12.1 Differential diagnosis for orofacial pain

Musculoligamentous/
soft tissue causes

Temporomandibular disorder 
(myofascial face pain)
Internal derangements of TMJ 
Persistent idiopathic orofacial pain/
atypical facial pain, facial neuralgia 
Salivary gland disease
Oral lesions such as lichen planus, 
oral ulcers, candidiasis 
Cancer

Dentoalveolar 
causes

Dentinal
Periodontal
Pulpal
Cracked tooth syndrome – often 
chronic and difficult to diagnose
Maxillary sinusitis
Thermal sensitivities
Atypical odontalgia which may be 
trigeminal 
neuropathic pain/phantom tooth pain
Post-traumatic nerve injuries 
including chemical

Neurologic/vascular 
causes

Trigeminal neuralgia
Glossopharyngeal
Cluster headache
Postherpetic neuralgia
Burning mouth syndrome, oral 
dysesthesia, glossodynia
Cranial arteritis
Pre-trigeminal neuralgia
Ramsay Hunt
SUNCT/SUNA
Paroxysmal hemicrania

diagnoses that need to be considered when dealing 
with a patient with orofacial pain. For updates, a paper 
in Current Opinion in Supportive and Palliative Care 
summarizes evidence-based publications published 

Evidence-Based Chronic Pain Management. Edited by 
C. Stannard, E. Kalso and J. Ballantyne. © 2010 Blackwell 
Publishing.
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between 2007–2009 and highlights studies of special 
interest [4]. Further details on the characteristics and 
management of these pains can be found in textbooks 
such as Assessment and Management of Orofacial Pain [5] 
and Orofacial Pain [6]. 

Chronic idiopathic facial pain/
persistent facial pain/atypical 
facial pain
Background 
This is currently the most controversial condition 
as it is likely to be a very heterogeneous group. This 
diagnosis was often made when all other causes of 
facial pain had been excluded and in those patients 
who do not report pain round the temporomandib-
ular joint (TMJ). In 2002 a study conducted among 
dental and medical specialties showed that the 
majority preferred the term “atypical facial pain” but 
there was a wide range of terminologies. The man-
agement of these cases, however, suggested much 
more unity [7]. 

Pathophysiology 
This remains largely unknown but several proposals 
have been put forward: 

an orofacial form of migraine
medically unexplained symptoms
psychogenic origin.

Psychologic factors are implicated in all pain condi-
tions, irrespective of etiology or duration, and this 
group of patients are probably no different from 
other chronic pain sufferers. It is probable that some 
of these patients do have neuropathic pain related to 
previous trauma, infection or dental treatment. 

Epidemiology 
Given the difficulty in diagnosis and the lack of 
clear diagnostic criteria that could be used in epide-
miologic studies, little is known about the incidence 
and prevalence of this condition [8]. Data from the 
 secondary care sector show that 80% of sufferers are 
women and the highest prevalence is in the age group 
40–50 years. A recent community-based study (2299 
subjects) found that 7% suffered from chronic orofa-
cial pain. Of this group, 27% reported one or more of 
these conditions: chronic facial pain, irritable bowel 
syndrome, chronic fatigue and chronic  widespread 

•
•
•

pain, and 18% reported one pain, 6% reported 
another chronic pain in a distant part of the body 
and 2% reported three different pain syndromes. 
The common factors to these four conditions were 
female gender, high levels of health anxiety, reassur-
ance-seeking behaviors, other somatic symptoms and 
recent adverse events [9]. There are few data on prog-
nosis although Feinmann showed that 70% can be 
rendered pain free in the long term but may require 
medication and counseling [10].

Clinical features
The International Headache Society (IHS) criteria of 
2004 introduced the term “persistent idiopathic facial 
pain” and provided specific criteria [11]. These were 
used by Zebenholzer et al. [12] to test their sensiti-
vity, specificity and positive and negative predictive 
value in 97 patients referred to a neurologic service 
with facial pain. They provided the following crite-
ria (italics are their additions to changes to the IHS 
criteria).

A  Pain in the face, present daily for at least 1 month 
and persisting for all or most of the day, with a 
least four characteristics from group B (fulfilling 
 criteria B and C) 

B 1.  Pain is confined at onset to a limited area on one 
side of the face

 2.  Pain is deep and poorly localized
 3.  Intensity is moderate or severe but not 

unbearable 
 4.  Pain paroxysms do not occur 
 5.  Pain is not precipitated from trigger areas or by 

daily activities
C Both of the following: 
 1. No autonomic symptoms
 2.  No sensory loss or other physical signs but dys-

esthesia may occur 
D  Investigations negative including X-ray of the 

face and jaws does not demonstrate relevant 
abnormality.

It is important to add that the symptoms and 
signs cannot be attributed to any other disorder. 
Zebenholzer et al. [12] suggest that there should be 
a category of “probable” which means that not all 
the symptoms need to be present to make the diag-
nosis. Using these criteria, the authors suggest that 
most patients could be classified with accuracy which 
would thus make comparisons of management easier. 
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Box 12.1 Interventions supported by evidence

Drug/therapy Daily dose range Efficacy Side effects Level of 
evidence

Persistent facial pain 
Amitriptyline 10–150 mg Good None reported but known to cause

drowsiness, dry mouth 
RCT* 

Dothiepin (dosulepin) 
included biteguard 

25–150 mg Likely to be effective Insufficient
evidence for biteguard 

Drowsiness, dry mouth, dizziness SR, RCT * 

Fluoxetine 20 mg Good None reported but known to cause
postural hypotension, sleep disturbance 

RCT *

Phenelzine 45 mg Improved both pain and associated 
depression 

None reported but known to cause
postural hypotension, dizziness, insomnia, 
dry mouth 

RCT 

TMD
Amitriptyline 10–150 mg Good None reported but known to cause

drowsiness, dry mouth 
RCT *

Dothiepin (dosulepin) 
included biteguard 

25–75 mg Likely to be effective Insufficient
evidence for biteguard 

Drowsiness, dry mouth, dizziness RCT *

Ibuprofen and 
diazepam

Ibuprofen 400 mg, 
diazepam 10–20 mg 

Diazepam on its own or in 
combination with ibuprofen effective 
but ibuprofen on its own not effective 

Nil stated but dependency is high with 
diazepam, gastrointestinal problems with 
ibuprofen

RCT 

Piroxicam 20 mg Good None reported but as with other NSAIDs RCT

Mersyndol, analgesic 
and antihistamine 

450 mg paracetamol, 9.75 mg 
codeine and 5 mg doxylamine up
to two

Effective Drowsiness RCT 
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Occlusal splints Night-time use mainly Weak but effective in adolescents None reported 2 SR, several 
RCT

CBT 6–12 sessions** over 4 months Effective but not maintained after 
conclusion of therapy in some 
studies 

None reported Several RCT 

CBT, biofeedback or 
combination of both

12 sessions** All showed improvement but 
combined was highest effect and 
maintained at 1 year 

None reported 2 RCT 

Trigeminal neuralgia 
Baclofen 50–80 mg Good Ataxia, lethargy, fatigue, nausea, vomiting, 

beware rapid withdrawal
SR, RCT 

Carbamazepine 300–1000 mg Excellent Drowsiness, ataxia, headaches, nausea, 
vomiting, constipation, blurred vision, rash, 
introduce slowly, drug interactions

SR, RCT 

Lamotrigine 200–400 mg Good when added to other 
antiepileptic drug

Dizziness, drowsiness, constipation, 
ataxia, diplopia, irritability, rapid dose 
escalation leads to rashes

SR, RCT 

Oxcarbazepine 300–1200 mg Excellent Vertigo, fatigue, dizziness, nausea, 
hyponatremia in high doses, no major drug 
interactions 

SR, RCT 

Gabapentin
and ropivicain

300–600 mg gabapentin,
5 injections into trigger points

NNT 2.4 at 4 weeks, improved 
quality of life

None reported RCT

* Same trial had a mix of patients. ** A session is normally a period of 1–2 hours spent with a clinical psychologist.
CBT, cognitive behavioral therapy; NNT, number needed to treat; RCT, randomized controlled trial; SR, systematic review; TMD, temporomandibular disorders.
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Based on this and previous work by others, the 
clinical features of persistent idiopathic facial pain are 
as folllows. 

Character: nagging, dull, throbbing, sharp, aching
Severity: varies, mild to severe but not unbearable
Site: radiation, unilateral, bilateral, no anatomic 
area, deep, poorly localized
Duration periodicity: intermittent/constant, may be 
periods of pain relief
Provoking factors: chewing, stress, fatigue but not 
touch provoked 
Relieving factors: rest, relaxation
Associated factors: pain in other areas, personality 
changes, life events, no autonomic symptoms

Management 
As with all other chronic pain, the approach must 
be biopsychosocial with active patient involvement. 
Patients need to feel that they are understood and 
clinicians must acknowledge the patient’s experience 
of pain without attempting to validate its source. It is 
crucial that medical management includes challenging 
maladaptive beliefs and behaviors regarding health 
and illness and this may need a multidisciplinary 
approach with active participation by the patient. 

Searching the literature shows that there have been 
systematic reviews on medical management of chronic 
idiopathic facial pain as there are several randomized 
controlled trials (RCT). However, it is important to 
remember that the diagnostic criteria used in these 
trials may have been different and so the results need 
to be interpreted with care. In some trials the patients 
also had TMD pain or even neuropathic pain. 

Interventions supported by evidence 
There are two systematic reviews [13, 14] on the use 
of antidepressants which used data from three RCT to 
suggest that they may be effective in atypical facial pain 
[14–17]. There is also a systematic review that looks at 
all types of pharmacologic treatments for this condi-
tion [18]. Only the larger studies will be included here.

Lascelles [17] used phenelzine in 40 atypical facial 
pain patients in a cross-over study and found it to 
be effective. The study by Feinmann & Harris [15] 
involving 93 patients with mixed chronic facial pain 
assessed the effect of dothiepin (dosulepin) versus 
placebo using a dose titration. At 9 weeks, 71% were 
pain free but withdrawal of drug at 6 months led to 

•
•
•

•

•

•
•

relapse in some patients. There was a high drop-out 
rate and it is not possible to separate out the patients 
with different types of pain. The largest study was by 
Harrison et al. [16] which included 178 patients with 
mixed chronic facial pain who were divided into four 
groups: fluoxetine, placebo, cognitive behavioral treat-
ment (CBT) with placebo, CBT with fluoxetine, and 
followed up for 3 months. Fluoxetine reduced pain 
at 3 months compared to placebo. CBT on its own 
was not effective in reducing pain but did improve 
patients’ control of their lives. These improvements 
were maintained when drug therapy ceased. 

Sharav et al. [19] showed the effectiveness of low- 
or high-dose amitriptyline 25 mg or 100 mg but their 
patients had a mixture of chronic idiopathic facial 
pain, TMD pain and even neuropathic pain. 

Forsell et al. [20] used venlafaxine versus placebo 
in 30 patients in a double-blind cross-over RCT. Ten 
patients did not complete – eight due to adverse side 
effects and two due to noncompliance. There was no 
difference between placebo and active drug in terms 
of pain intensity although there was more signifi-
cant improvement in pain relief scores in the active 
treatment group. There were no differences in terms 
of anxiety and depression. Efficacy of this drug was 
only modest but this could be due to small sample 
size as the study itself was of high quality. 

Interventions refuted by evidence
In a double-blind placebo-controlled cross-over trial, 
al Balawi et al. [21] injected subcutaneous sumatriptan 
(6 mg) in 19 patients on one occasion. Some relief was 
noted in comparison to placebo but the effect was 
not sustained. All patients experienced one or more 
adverse event but these were all mild. 

Commonly used interventions
currently unproven 
Cognitive behavioral therapy has been shown to be 
effective in chronic pain but there is only one study 
of its use in chronic idiopathic facial pain which 
showed that it did not relieve pain but affected 
patients’  ability to control their pain [16]. The pro-
gram included education about gate control theory, 
pain-coping strategies, relaxation, assertiveness, com-
munication training, maintenance of gains and cop-
ing with acute exacerbations. This  treatment is often 
used in combination with  tricyclic antidepressants. 
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Discussion of evidence
All the studies are small and may contain a very het-
erogeneous group of patients. Given the prevalence 
of orofacial pain, it is surprising that there are so few 
high-quality studies. Although there is some evidence 
for the success of antidepressants, some patients do 
not have a good response and this could be due to 
certain patient characteristics: nonanxious somatiz-
ers, dysfunctional health beliefs, history of unsuccess-
ful surgery, no life event before pain onset. Treatment 
needs to be continued for a long time and relapses are 

common. As in other chronic pain, CBT is helpful in 
improving quality of life but may not directly result 
in a decrease in pain intensity. 

Cost and feasibility of treatment /
cost benefit
If the diagnostic criteria were clearer and more gener-
ally recognized then many unnecessary investigations 
and dental treatments could be avoided. However, there 
is a group of patients who need long-term care to pre-
vent relapse and take up a large amount of resources. 

Box 12.2 Interventions refuted by evidence or insufficient evidence

Drug/therapy Daily dose 
range

Efficacy Side effects Level of 
evidence 

Persistent facial pain 
Sumatriptan 6 mg sc Limited RCT 

Venlafaxine 75 mg Limited Most common are fatigue, loss 
of appetite, nausea, dry mouth 

RCT 

TMD
Biofeedback only None 1 SR
Acupuncture None 2 SR

TENS None 1 SR

Occlusal adjustments Not effective Irreversible changes 2 SR

Botulinum toxin 150 MU Not effective Injection pain, paralysis, 
asymmetric smile 

RCT 

Clonazepam 0.25–1 mg Weak Sedation RCT 
Triazolam 0.25–0.5 mg Improves sleep 

but not pain 
Impaired memory, 
confusion 

RCT 

Trigeminal neuralgia 
Dextromethorphan 120–920 mg Worse Mild cognitive impairment, 

dizziness and ataxia
RCT 

Clomipramine 20–75 mg Unknown None stated RCT 
Pimozide 4-12gm Excellent Severe side effects limit its use: 

extrapyramidal, tremor, rigidity, 
memory loss

SR, RCT

Proparacaine 
hydrochloride

2 drops of 0.5% 
solution for 20 min

Ineffective RCT 

Tocainide 60 mg/kg Ineffective Rash, nausea, paresthesia, 
aplastic anemia 

SR, RCT 

Topiramate 25–250 mg May be effective Irritability, cognitive impairment, 
gastrointestinal, fatigue 

SR, RCT 

Tizanidine 6–18 mg Ineffective Drowsiness, dizziness, alters 
liver enzymes 

SR,RCT 

RCT, randomized controlled trial; SR, systematic review; TENS, transcutaneous electrical nerve stimulation; TMD, temporomandibular 
disorders.
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The role of primary healthcare  providers may be very 
important in continuing to provide support. 

Future directions 
Once the diagnostic criteria have been clarified, 
larger multicentered long-term RCT need to be done. 
Education of primary and secondary care providers is 
essential if this group of patients is to be recognized 
early and managed appropriately to prevent chronicity. 

Cognitive behavioral therapy is often used after 
all other types of interventions have failed. This is 
in part related to the patients’ expectations, which 
are usually to find relief of pain and not better 
ways of coping with it [22]. Williams [22] argues 
that this may not be the correct approach and that 
CBT should be offered earlier as it aims to provide 
 maximum freedom from the negative impact of 

pain by changing the individual’s relationship to it. 
It needs to be offered to patients with orofacial pain 
especially if they have risk factors. 

Author’s recommendations
Patients with chronic idiopathic pain need to be care-
fully assessed which includes eliciting their treatment 
goals and beliefs about treatments. In line with other 
chronic pain, unnecessary investigations and treat-
ments make pain intractable and results in depressed 
patients. Clinicians often feel less optimistic about 
their ability to successfully manage these patients. 
A biopsychosocial approach to treatment is needed 
and CBT should be used alongside drug therapy in 
those who are found to have a high index of disabil-
ity. The selective serotonin reuptake inhibitors (SSRI), 
especially fluoxetine and escitalopram or others such 

Box 12.3 Commonly used interventions currently unproven

Drug/therapy Daily dose range Efficacy Side effects

Persistent facial pain 
CBT with or without tricyclic 
antidepressants 

6–12 sessions High If drugs used: drowsiness, 
dryness 

Information and reassurance High 

TMD
Ultrasound Unknown
Heat Unknown
Exercises May be effective 
Information and reassurance High

Trigeminal neuralgia 
Clonazepam 4–8 mg  Low Severe drowsiness
Pregabalin 150–600 mg Good Neurologic side effects
Phenytoin 200–300 mg Good Neurologic side effects, easy 

to overdose
Valproic acid 600–1200 mg Poor Neurologic side effects
Microvascular 
decompression

High; 70% pain free 
10 years 

0.5% mortality, hearing loss

Radiofrequency 
thermocoagulation

Good; 50% pain free 
5 years

High % sensory loss 

Percutaneous glycerol 
rhizotomy

Good; 50% pain free at 
4 years

Sensory loss

Balloon decompression Good; 50% pain free at 
4 years

Masticatory problems

Gamma knife Good; 50% pain free at 
4 years

10% sensory loss 

CBT, cognitive behavioral therapy; TMD, temporomandibular disorders.
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as venlafaxine, are often used as they cause fewer 
side effects than tricyclics, they do not interact with 
alcohol, do not result in weight gain and are safe in 
overdose but they may be less effective in pain relief. 
Written information is important and some patients 
may find it useful to talk to other patients with  similar 
problems. 

Temporomandibular disorders (TMD)

Myofascial pain, mandibular dysfunction, facial arthro-
myalgia, and masticatory myalgia are other terms used 
to describe pain related to the masticatory muscles, the 
temporomandibular joint (TMJ) or both [23]. 

Background 
Temporomandibular disorder pain is common and 
found mainly in young and middle-aged women. It 
has been estimated that up to 75% of the US popula-
tion may suffer from this condition at some stage in 
their lives and that the prevalence in any given year is 
10–12%. There are five diagnostic systems with vary-
ing degrees of reliability, accuracy and predictive abil-
ity and there are at present no objective investigations 
that can be done to confirm the diagnosis made on 
history and examination. The system that has been 
most extensively studied is the Research Diagnostic 
Criteria (RDC) for TMD developed by an interna-
tional group in the 1990s [23]. This lack of consensus 
hampers epidemiologic data collection. Drangsholt 
& LeResche [24] did a systematic review on this topic 
and the following data are from their review. 

There appears to be little change in numbers of 
people seeking treatment for TMD over the last 5–10 
years. The natural history of the disorder is extremely 
variable with only a small group being persistent.

Depression and somatization are the best predic-
tors of chronicity. About 25% of sufferers are likely 
to be disabled by the pain and more will take time 
off work than utilize healthcare facilities. Risk fac-
tors which may also be causative include: female 
gender, depression, and multiple pain conditions. 
This adds to the evidence that these patients belong 
to the generic group of patients who suffer chronic 
pain. Other risk factors for which the evidence is less 
robust may include bruxism, exogenous reproduc-
tive hormones, trauma and hypermobility. Primary 
prevention is still not possible but there is no doubt 

that, as with other chronic facial pain, misdiagnosis, 
unnecessary investigations and irreversible dental 
therapies contribute to chronicity. Recent case reports 
have highlighted that patients with TMD are more 
likely to report migraines, back pain and fibromyalgia 
than none cases [4]. For more comprehensive cover-
age of this topic, the reader is directed to the recent 
text by Laskin et al. [25] which includes the surgical 
management of joint and disk disorders, which will 
not be covered here.

Etiology
Pain in and around the TMJ can be related to problems 
with the joint itself, e.g. congenital, traumatic, anky-
losis, neoplastic or arthritides or with the muscle of 
mastication themselves. The latter are by far the most 
common. The causes of TMD remain controversial 
and range from a wide variety of occlusal and skeletal 
abnormalities, trauma, bruxism, parafunctional activ-
ity and psychologic, including vulnerability to chronic 
pain. A systematic review showed no association 
between malocclusion, functional occlusion and TMD 
in a community-based population [26]. There is now 
more emphasis on nondental causes and involvment of 
specific hormones as well as neurotropin nerve growth 
factor. 

Clinical features 
The main symptoms of TMD pain are as follows.

Site: TMJ and associated musculature, unilateral or 
bilateral 
Radiation: associated muscles, temple, neck
Character: dull, aching, throbbing, sometimes sharp
Severity: mild to moderate
Duration: weeks to years
Periodicity: continuous, can be intermittent or worse 
on waking or at the end of the day
Provoking factors: jaw movement, eating, stress
Relieving factors: jaw rest, tricyclic drugs
Associated factors: limited mouth opening, TMJ 
parafunction, bruxism, anxiety, other pain sites 

The effect of TMD pain on quality of life has been 
assessed in large population-based studies using the 
Graded Chronic Pain Scale [27]. This scale yields four 
grades: Grades 3 and 4 are associated with increasing 
high levels of psychosocial disability whereas Grades 
1 and 2 relate to high pain intensity but relatively little 
daily living disability. In these studies 15–18% had Grade 

•

•
•
•
•
•

•
•
•
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3 disability and 3–6% Grade 4. These patients score high 
on depression, are high users of healthcare services and 
are resistant to change with treatment. Turp [2] showed 
that 66% of a group of 278 TMD patients referred to a 
tertiary center had widespread pain and these patients 
scored significantly higher on the Pain Disability Index 
and the Beck Depression Inventory. 

Examination involves the application of pressure to 
a variety of specific anatomic sites (trigger points) to 
see if the muscles are tender. The range of movement 
of the mandible is then evaluated in vertical open-
ing, protrusive and lateral positions. These ranges of 
movements are measured in three positions: when 
pain free, with unassisted maximal opening and 
assisted maximal opening. The distance is measured 
between the incisive edge of the upper central incisor 
and the lower mandibular incisor in millimeters and 
there is reasonable agreement in these measurements. 
Although joint sounds and crepitus are listened for, 
they are not highly diagnostic. Crepitus may indicate 
an arthrosis. 

Investigations
A wide variety of diagnostic investigations have been 
used, e.g. jaw tracking, thermograph, electromyog-
raphy, sonography, but none has been validated and 
shown to be of diagnostic value. The main investiga-
tions are computed tomography (CT) and magnetic 
resonance imaging (MRI) scans principally to look 
for internal disk derangements. If autoimmune disor-
ders are suspected then blood tests may be indicated. 

Management 
In 1995 Antczak-Bouckoms [28] reviewed the strength 
of evidence for management of TMD pain and found 
more than 4000 references to TMD, of which about 
1200 related to management. However, the majority 
of these were reviews, with 15% being clinical studies 
and of these less than 5% (51) were RCT. Treatments 
used often reflect the healthcare professional's views 
as to the cause of the pain and vary from conservative, 
psychologic, and physical to medical and surgical. 

Conservative management involves the provision 
of information and reassurance and psychologic 
management strategies range from simple behavioral 
changes through to full courses of CBT. A vast range 
of physical therapies has been used which include 
posture training, thermal applications, mechanical 

exercises, biofeedback and EMG, hypnosis, relaxation, 
imagery, ultrasound, phonophoresis and iontophoresis, 
acupuncture and TENS. It is thought that provision of 
an ideal occlusion will reduce abnormal muscle activity 
and so reduce pain. A variety of so-called stabilization 
splints have been used which are worn at night when 
it is thought most likely that patients clench and 
grind their teeth (parafunctional habit). The oral 
appliances predominantly cover one or other arch 
either completely or partially. Some attempt to realign 
the maxillomandibular relationship whereas others do 
not seek to change the relationship. They can be made 
of soft plastic but many are rigid and attached to the 
teeth by clasps.  Evidence for their efficacy has not been 
proven.

Medical therapy involves a range of drugs from 
analgesics to antidepressants. Surgery, including 
injections into the joints, is mainly used for disk and 
joint disorders and will not be discussed here; details 
can be found in Laskin et al. [25]. 

Interventions supported by evidence
There are several high-quality trials showing that 
CBT is effective when used in patients with TMD 
although the majority of earlier studies are not 
methodologically sound and lack long-term follow-
up. The use of the RDC classification enables more 
homogeneity between subjects and identification 
of those who have greater disability and poorer 
psychosocial adaptation to their TMD and it is 
probably these who benefit most from CBT. Dworkin 
et al. [29] identified 117 such patients and enrolled 
them in a RCT which compared usual TMD treatment 
with six sessions of CBT over a 4-month period 
together with usual TMD care. This intervention was 
effective but only during the time it was delivered and 
at 1 year it was no better than usual care [29]. This 
finding is in contrast to more recent studies which 
also involved short- and long-term outcomes (1 year) 
[30–32]. CBT sessions varied from 12 1- to 2-hour 
sessions [30, 31] to four sessions [32] and the shorter 
ones were still effective. Most of these trials relied 
on patients having workbooks to complete between 
sessions and on regular telephone contact. Gatchel 
et al. [33] have shown that early intervention using six 
1-hour sessions for patients with acute TMD reduced 
pain levels, improved coping abilities and reduced 
stress at 1 year and so prevented chronicity. 
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Some of the studies have included groups having 
biofeedback either on its own or in combination with 
CBT [30, 31]. These were methodologically sound 
RCTs that used no treatment as a control and the 
Gardea et al. [30] study included a 1-year follow-up. 
Improvements were found not only in pain intensity 
but in a range of other outcomes, including mood. 

A systematic review suggested that there is insuf-
ficient evidence either for or against the use of stabi-
lization splint therapy over other active interventions 
for the treatment of TMD but there is some weak 
evidence that these splints can reduce pain severity, 
at rest and on palpation, when compared to no treat-
ment [34, 35]. Further evidence-based guidelines 
have been published by the European Academy of 
Craniomandibular Disorders (EACD) [36].

In a cross-over trial of 30 patients comparing 
mersyndol with placebo, there was a statistically sig-
nificant improvement, no adverse effects with two 
drop-outs (pain relief, did not want to do trial) [37]. 

Singer & Dionne [38] randomized 49 patients 
into four parallel groups: diazepam, ibuprofen, 
diazepam and ibuprofen, and placebo, and found 
ibuprofen was no better than diazepam or placebo 
but ibuprofen and diazepam or diazepam on its own 
were better than placebo for pain relief.

Amitriptyline 10–30 mg or 50–150 mg is effective 
in both TMD and chronic idiopathic pain irrespec-
tive of dose [19] but in an open labeled cohort study, 
Plesh [39] showed that its effectiveness is greatest at 
6 weeks and tails off after 1 year. 

The Feinmann & Harris [15] study described in 
the section above on the use of dothiepin (dosulepin) 
and splints also included patients with TMD. 
Although the dothiepin (dosulepin) decreased pain 
by 50%, only 38% wore the soft occlusal appliance to 
the end of the trial and so there is insufficient evi-
dence to support the use of the splints. 

Interventions refuted by evidence
or insufficient evidence 
Koh & Robinson [40], in their systematic review 
(identified 660 trials on TMD therapy but only six 
fulfilled the inclusion criteria), assessed the effec-
tiveness of occlusal adjustment for treating TMD in 
adults and preventing TMD and found there was no 
evidence to support this therapy. This has also been 
confirmed by others. 

Jedel & Carlsson’s systematic review of seven con-
trolled clinical trials to assess the efficacy of biofeed-
back, acupuncture and TENS in TMD once again 
showed poor methodology and no evidence for 
effectiveness of these therapies [41]. Another system-
atic review on acupuncture came to the same conclu-
sions [42].

Of the pharmacologic therapies, clonazepam ver-
sus placebo in 20 patients decreased pain but the 
study was very small and the 25% drop-out rate 
makes these results difficult to interpret [43]. 

There are no trials of sufficient quality on the use 
of oral opioids. 

Botulinum toxin has been used in a small trial of 
15 patients with muscular TMD pain but no evidence 
for effectiveness was found and one-third of the 
patients were lost to follow-up [44]. 

Commonly used interventions
currently unproven
A vast majority of patients will respond well to a clear 
explanation and reassurance, especially if given by an 
empathic clinician, but there are no trials to prove its 
effectiveness.

Mechanical exercises are often prescribed as it is 
thought that patients with pain are often reluctant to 
use the body part that is causing pain. Use of occlu-
sal appliances is common as these are easy for den-
tal surgeons to construct and they are more familiar 
with this method of treatment rather than systemic 
drugs. Patients with TMD pain can be divided into 
three treatment groups based on their response to 
the Graded Chronic Pain Scale: minimal contact 
approach (one or two sessions with or without the 
help of a psychologist), integrated approach (with 
appliances, biofeedback and stress management led 
by hygienist) and a structured behavioral programme 
(psychologist led for six sessions) [45]. 

Discussion of evidence
The fact that such a variety of treatments is still used 
provides some evidence that there is no one method 
of treating these patients. The majority of patients 
will improve with very little need for therapy but with 
directed education. There then remains a small cohort 
of patients who remain difficult to manage. These 
are the patients who visit a wide range of healthcare 
providers and are ultimately seen in the tertiary care 
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sector. Turp [2] showed that the average number of 
providers seen by TMD patients referred to a tertiary 
care center was 4.9 and that over 60% had at least one 
nondental treatment and 28% were dissatisfied with 
the care they had received. 

From the current evidence, it is clear that as with 
other chronic pain, a biopsychosocial approach is 
necessary as behavior and attitudes need to change 
and patients need to self-manage their condition. 
Turner et al. [32] and Gatchel et al. [33] have shown 
that changing TMD patients’ beliefs and pain-coping 
strategies through the use of CBT can have a mod-
est effect on future pain and functioning. Combining 
CBT with biofeedback may yield even better results as 
the latter has a more immediate effect and appears to 
be more physiologically orientated. 

There is some evidence that NSAIDs may be of 
some benefit but the side effects of these medications 
need to be taken into account. Benzodiazepines may 
be useful but they should not be used except in the 
short term due to dependency. As with other chronic 
pain, there is some evidence that tricyclic antidepres-
sants as well as the newer SSRI may be of benefit. It is 
highly likely that dental treatment is not the way for-
ward and the American Dental Association has stated 
that all treatments that attempt to address a possible 
occlusal disharmony should be reversible. Occlusal 
appliances which do not attempt to alter occlusion 
and which are only worn at night may be useful in 
patients who do not have a stable occlusion or those 
who have marked parafunctional habits. The EACD 
stress the importance of providing adequate infor-
mation [36]. However, as with all other chronic pain 
conditions, a biopysychosocial approach is crucial 
especially in those patients who have pain beyond the 
TMJ area. 

Cost and feasibility of treatment /
cost benefit
There are a variety of studies that have looked at 
direct costs based mainly on the production of 
some form of appliances. In 1995 it was estimated 
that 2.9% of the US total expenditure on dental 
services was on production of occlusal appliances 
and it was estimated that the minimum cost of 
treating TMD sufferers is $400 per year. There are 
also indirect costs associated with time off work or 
decreased work efficiency and it is estimated that 

these are similar to those of back pain and headache 
sufferers.

Future directions
There is a need to look again at the diagnostic crite-
ria and classification of TMD pain and to reach con-
sensus so that improved RCT are designed for many 
of the treatments in current use. Long-term cohort 
studies are needed to determine prognosis as well as 
risk factors. A holistic approach is required as many 
TMD patients are also chronic pain sufferers. 

Author’s recommendations 
The majority of patients with TMD consult a dentist 
and they tend to provide physical treatments which 
in many cases appear to be effective. However, this is 
much more likely to be a reflection of the natural his-
tory of the condition. It is essential that TMD patients 
have a careful assessment which includes psychosocial 
factors and takes into account the presence of other 
chronic pain sites. The small minority of patients 
who cannot be managed by careful explanation and 
education need a course of CBT. The CBT should 
be delivered at the start of management, possibly in 
combination with an antidepressant, and not at the 
end when all other treatments have been tried.

Trigeminal neuralgia

Background 
Trigeminal neuralgia is classified as a neuropathic 
pain but it has some very specific features that make 
it a fairly unique type of facial pain. 

The International Association for the Study of Pain 
(IASP) defines trigeminal neuralgia as “a sudden and 
usually unilateral severe brief stabbing recurrent pain 
in the distribution of one or more branches of the 
fifth cranial nerve” [46]. Trigeminal neuralgia is clas-
sified broadly into idiopathic and secondary forms. 
Secondary trigeminal neuralgia includes that due to 
any form of tumor, benign or malignant, multiple 
sclerosis or arteriovenous malformations. 

Trigeminal neuralgia is probably the only non-
dental facial pain that can be managed highly 
successfully with a variety of surgical procedures. It 
is therefore very important to be able to distinguish 
this pain from other forms of facial pain which do 
not respond to surgical management. Although it is 
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a condition managed primarily by neurologists and 
neurosurgeons, many patients first see a dentist as 
they perceive their pain to be of dental origin. This 
leads to misdiagnosis, unnecessary dental extractions 
(in up to 60%) and delays in treatment. 

Etiology
The exact etiology of trigeminal neuralgia is still 
unknown but considerable progress has been made in 
recent years to put forward a mechanism for this pain. 
Most researchers would agree that in the  majority
of patients with classic trigeminal neuralgia, the pain 
is generated due to compression of the trigeminal 
nerve in most instances by vascular structures but 
in a small proportion due to other causes. The 
compression is most likely to occur at the so-called 
root entry zone which is defined as the point at which 
the peripheral and central myelin of the Schwann 
cells and astrocytes meet. Compression of the nerve at 
this point results in plaques of demyelination. Nerve 
injury results in hyperexcitability of injured afferents 
which result in after-discharges large enough to 
result in a non-nociceptive signal being perceived as 
pain. This leads to wind-up and both peripheral and 
central sensitization. 

This theory has been put forward by Devor et al. 
and is known as the ignition theory hypothesis [47]. 
It is supported by electron microscopy appearances 
of the trigeminal nerve taken from patients with 
trigeminal neuralgia [48] and they also showed evi-
dence of remyelination which could result in the pain 
remissions that are so characteristic of this condition. 
However, not all patients are found to have compres-
sion of the trigeminal nerve and even if found, not 
all patients have 100% pain relief for the duration of 
their life. There are likely to be other factors involved, 
given the rarity of the disease, and there may be 
genetic causes.

Epidemiology
Trigeminal neuralgia is considered a rare condi-
tion and until recently its crude annual incidence 
was reported as 5.7 for women and 2.5 for men per 
100,000. However, a community-based London 
study put it at 8 per 100,000. The peak incidence has 
been reported as being in the 50–60 age group and 
increases with age. A more recent study using gen-
eral practice research databases in the UK suggested 

a prevalence of 26.4 per 100,000 [49]. However, the 
diagnostic criteria were very broad and therefore may 
have included other patients with unilateral facial 
pain. The major risk factor for trigeminal neuralgia is 
multiple sclerosis. 

Clinical features
Although on the face of it, classic trigeminal neuralgia 
is easily diagnosed, it has long been recognized that 
there are other forms of trigeminal neuralgia which 
most frequently have been called atypical trigeminal 
neuralgia. Neurosurgeons have suggested that these 
two forms should be called type 1 and type 2 [50]. 
The atypical forms are more difficult to differentiate 
from other forms of unilateral pain and may also be 
associated with some form of trigeminal neuropathy, 
as suggested by Nurmikko & Eldridge [51]. 

The major differentiator between classic and 
atypical trigeminal neuralgia is in the character and 
its timing. Patients with classic trigeminal neural-
gia report just a sharp shooting electric shock-like 
pain that lasts for a few seconds and may be repeated 
many times a day. After weeks or months, a period of 
complete pain remission may result which may last 
weeks or months. The atypical trigeminal neuralgia 
patients also have a sharp shooting electric shock 
but they have a burning, dull, aching after-pain. In 
some patients this just lasts for several minutes to a 
few hours and then gradually disappears, leaving a 
completely pain-free period. Other patients, however, 
report that this after-pain is persistent and there is no 
completely pain-free interval. It is this latter type of 
pain that may not respond as effectively to surgical 
management. It is postulated that this pain may be 
a continuation of the original condition. However, it 
could have a different etiology and therefore represent 
another disease form. There is currently no evidence 
of sufficient quality to support these theories. It has 
been suggested that many patients with trigeminal 
neuralgia will report a memorable onset and neuro-
surgeons have gone so far as to suggest that this could 
be a prognostic factor for improved outcomes.

The following clinical features are consistent with 
those published by the IHS [11] and IASP [46]. 

Site: along one or more divisions of the trigeminal 
nerve, unilateral only, 3% bilateral 
Radiation: within trigeminal nerve

•

•
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Character: shooting, sharp, stabbing, electric shock-
like, may be some burning 
Severity: usually severe but can be mild 
Duration: each attack lasts for seconds to maximum 
2 minutes but attacks can follow in rapid succession 
Periodicity: paroxysmal with periods of complete 
pain remission which gradually get shorter 
Provoking factors: daily activities such as eating, 
talking, washing the face or cleaning the teeth but 
can be spontaneous
Relieving factors: avoiding trigger factors, drugs
Associated factors: stereotype attacks in the indi-
vidual patient

Trigeminal neuralgia is relatively rare in only the first 
division and if it is reported as being present only in 
the first division then other causes should be carefully 
ascertained such as paroxysmal hemicrania, SUNCT 
(short-lasting unilateral neuralgiform headaches with 
conjunctival tearing) or SUNA (short-lasting neuralgi-
form pain with autonomic symptoms). It is impor-
tant to note whether the pain is evoked by light touch 
activities and/or whether it occurs spontaneously as 
drugs may be more effective in reducing the number 
of spontaneous attacks. This is of considerable signifi-
cance, as it is these spontaneous attacks that are more 
likely to reduce quality of life and make patients live in 
fear of having an attack at a time when they are away 
from their usual sources of support. Although the pain 
can be mild, there are reports of patients committing 
suicide due to the severity of this pain. Many patients 
with trigeminal neuralgia report the severity of their 
pain being worse during the day and only a third of 
patients will report experiencing pain at night resulting 
in awakening. There is evidence to suggest that trigem-
inal neuralgia patients will develop depression which 
will lift once the pain is successfully managed [52]. 

On examination, many patients will exhibit no 
neurologic deficit. However, this may be very subtle 
and may change with time. Sensory testing is essential 
as this will potentially differentiate between sympto-
matic and idiopathic trigeminal neuralgia. Patients 
will exhibit trigger areas from which pain is initiated 
and this could be classified as a form of allodynia.

Investigations
Currently there are no objective investigations 
that can be used to validate the clinical findings. 

•

•
•

•

•

•
•

Radiologic investigations are important to differenti-
ate between symptomatic and idiopathic trigeminal 
neuralgia. MRI is used to identify neurovascular com-
pressions and needs to be of high quality in order to 
identify them. There are only a few studies that are of 
high enough quality to provide evidence for its use. 

Sensory testing is not done routinely but there is 
evidence to suggest that qualitative sensory testing 
(QST) and evoked potentials may play an important 
role in differentiating between symptomatic and idi-
opathic trigeminal neuralgia [53, 54].

Management 
Evidence-based guidelines have now been published on 
diagnosis and management [53, 54]. All patients will 
initially be treated medically but many will proceed to 
surgical management. There is currently insufficient 
evidence to suggest at which time point patients should 
be transferred from medical to surgical treatments or 
which is the most successful surgical treatment. There 
are no RCT of the major forms of surgical management 
that are in current use. Trials in trigeminal neuralgia are 
difficult to conduct due to a variety of factors including 
the rarity of the condition, its paroxysmal nature and 
the difficulty of using a placebo as opposed to an active 
form of control. 

Intervention supported by evidence
There are Cochrane systematic reviews on the use 
of anticonvulsant drugs in neuropathic pain which 
include trials of patients with trigeminal neuralgia 
and there is a separate Cochrane review on nonepi-
leptic drugs in the use of trigeminal neuralgia [55-57] 
as well as a regularly updated online entry in Clinical 
Evidence [58]. Many of these trials are small, con-
ducted in the era when RCT had less rigorous quality 
controls. The largest number of RCT have been done 
on carbamazepine and there is good evidence to show 
that this drug is highly effective in patients with clas-
sic trigeminal neuralgia.

Oxcarbazepine, which is a daughter drug of 
carbamazepine, has been evaluated in RCT and a 
small systematic review (all abstracts) comparing 
it to carbamazepine. It has some improved efficacy 
over carbamazepine and much better tolerability. 
Oxcarbazepine has a much lower potential for drug 
interactions as it does not rely on the liver cytochrome 
system. A small RCT using gabapentin in combination 
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with five ropivicaine injections on a weekly basis 
showed this drug to be highly effective [59].

There are no high-quality studies on the use of 
polypharmacy, as often done in epilepsy. 

Interventions refuted by evidence 
A number of drugs used in RCT are ineffective or 
their side effect profile is severe enough to exclude 
their use: tocainide, tizanidine and pimozide [55]. 
There are two RCT of the use of streptomycin injec-
tions at trigger points which were shown to be inef-
fective [60]. 

Commonly used interventions
currently unproven
Pregabalin, which has been licensed for use in neuro-
pathic pain, has been shown to be effective in a cohort 
study [62]. 

A systematic review of the literature on surgical 
management has been carried out and only those 
studies which have used independent observers 
to assess outcomes have been used to provide 
 evidence [53, 54, 61]. 

Surgical management can be carried out at three 
different levels. Peripheral treatments are carried out 
at trigger points and have included a range of treat-
ments such as cryotherapy, laser therapy, alcohol 
injections and neurectomies. All provide only short-
term pain relief, mostly under 1 year.

There is a range of other ablative procedures, the 
majority at the level of the Gasserian ganglion, which 
aim to reduce sensory transmission and hence pain. 
A needle is passed through the foramen ovale under 
radiographic control. Once within the ganglion, one 
of three procedures can be carried out. The nerve 
can be subjected to radiofrequency thermocoagula-
tion using temperatures between 60º and 90ºC, it 
can be bathed in glycerol or compressed by a Foley 
catheter balloon. The results are fairly similar and 
the median pain relief period is 4–5 years. All will 
result in varying degrees of sensory deficit and other 
trigeminal nerve injuries are also reported. Aseptic 
meningitis and temporary diplopia are reported as 
well as arrhythmias when performing balloon com-
pressions. The results are summarized in Table 12.3. 

Posterior fossa procedures are either ablative 
or nondestructive. The ablative procedure is that of 
gamma knife radiation which is the least invasive of 

all the procedures. A recent study by Regis et al. [63], 
which is a cohort study with independent observ-
ers, suggested that the results are similar to those 
of other ablative procedures with similar pain relief 
periods but only 10% of patients report some form of 
sensory loss. 

The currently most favored procedure is microv-
ascular decompression. This is a major neurosurgi-
cal procedure that involves entry into the posterior 
fossa, identification of the vascular compression and 
dislodging the vessel/s from the trigeminal nerve. 
This can be achieved either by the use of Teflon or 
by making vascular slings to keep the offending ves-
sels away from the nerve. At 10 years 70% of patients 
may still remain pain free but most recurrences occur 
within the first 2 years. As this is a major surgical pro-
cedure, it can result in the usual complications such 
as pulmonary emboli and gastrointestinal bleeds. It is 
associated with 0.4–0.5% mortality and a very small 
number of patients may suffer cerebral infarcts and 
hemorrhage, resulting in strokes. Immediate postop-
erative complications include meningitis, both bacte-
rial and aseptic, and CSF leaks. The major neurologic 
deficit is ipsilateral hearing loss due to either damage 
to the mastoid air cells or trauma to the eighth nerve 
itself. The satisfaction of patients undergoing this 
procedure is high and up to 75% will report complete 
satisfaction after a mean of 5 years follow-up [64]. 
Patients in whom no nerve compression is found
may have a partial sensory rhizotomy performed and 
this will then result in sensory loss. Pain recurrence 
rates appear to be similar but patients are highly likely 
to have sensory loss which reduces their quality of
life [64]. 

There are now several national support groups, e.g. 
in the US, UK and Australia, which provide patients 
with information through a variety of means – books 
[65, 66], internet, email, phone lines and conferences – 
and there is anecdotal evidence that they are effective 
not only in providing information but in putting suf-
ferers in touch with each other and so lessening their 
fears and loneliness [66]. 

Discussion of evidence
There is relatively good evidence to support the use of 
a variety of drugs.

Carbamazepine is the gold standard despite its high 
level of side effects and potential for drug interactions. 
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All patients are likely to suffer side effects when on 
high doses of carbamazepine and therefore it needs 
to be used at the lowest level possible to achieve pain 
control. Oxcarbazepine is therefore a very useful 
alternative [53, 54].

A decision analysis study using 156 patients with 
trigeminal neuralgia showed that they preferred sur-
gical management to medical but the stage at which 
this change should be done has not been determined. 
Of the surgical procedures, there is a very slight pref-
erence for microvascular decompression. However, 
many patients fear this operation and therefore may 
not choose it until their pain becomes unbearable. 
From independent case series reports, there is some 
evidence to suggest that microvascular decompres-
sion is a successful form of treatment for trigemi-
nal neuralgia. In those patients who do not want to 
undergo major surgery or are not fit for it then the 
ablative procedures at the Gasserian ganglion level 
can lead to acceptable pain relief and freedom from 
the need to use drugs. 

Cost and feasibility of treatment/ 
cost benefit
There is very little evidence for this, although there 
has been one study comparing cost feasibility between 
gamma knife surgery and other neurosurgical pro-
cedures. The long-term use of drug therapy and the 
need for regular monitoring need to be taken into 
account when compared to surgical procedures which 
may initially be more costly but do not require such 
intensive patient follow-up.

Future directions
It is essential to clarify the diagnostic criteria of the 
different forms of trigeminal neuralgia and perform 
long-term cohort studies to see how the clinical fea-
tures change over time. More epidemiologic studies 
are needed to define the prevalence and potential risk 
factors and risk groups as this could help to determine 
preventive procedures and to provide details on prog-
nosis. Newer anticonvulsant drugs or drugs which 
address the mechanisms of neuropathic pain need to 
be evaluated in RCT, taking into account the severity 
and paroxysmal nature of this condition. There is also 
an urgent need to address the surgical management 
of trigeminal neuralgia by innovative ways of looking 

at RCT, given that there is no current evidence to sug-
gest one technique as being superior to others. More 
basic science research, including genetic studies, is 
urgently needed. Some of the research needs in this 
field are summarized in Insights [66].

Author’s recommendations
Care needs to be taken in eliciting and recording the 
clinical features of trigeminal neuralgia so the cor-
rect treatment is offered. The first-line drug should 
be carbamazepine but as soon as it loses efficacy or 
becomes poorly tolerated, other drugs such as oxcar-
bazepine should be used. Patients should be inves-
tigated with MRI and referred for an early surgical 
opinion so they have time to think through the vari-
ety of treatment options available. In patients who 
are medically fit and have a identifiable compression 
on MRI, microvascular decompression is the most 
satisfactory procedure when performed by a skilled 
neurosurgeon. 

Whenever possible, patients should be provided 
with information about patient support groups and 
the range of literature that is available to them. A 
well-informed patient is likely to achieve better pain 
control and be more satisfied with outcomes. 
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Pelvic and perineal pain in women

William Stones1 and Beverly Collett2
1 Department of Obstetrics and Gynaecology, Aga Khan University Hospital, Nairobi, Kenya
2 Pain Management Service, University Hospitals of Leicester, Leicester, UK

Pathophysiology of chronic pelvic 
and perineal pain in women

A classic clinical observation in women  presenting 
with chronic pelvic pain is the poor correlation 
between identifiable pathologic processes, the 
 chronicity and severity of pain and the impact of 
symptoms on quality of life. 

This is exemplified by endometriosis, a condition 
affecting women predominantly in the reproduc-
tive age group and characterized by the presence of 
endometrial glands and stroma outside the endome-
trial cavity. The condition is thought to arise mainly 
by  implantation of endometrial tissue following ret-
rograde menstruation via the fallopian tubes [1]. 
It presents a clinical spectrum, with endometriotic 
deposits sometimes observed at laparoscopy in the 
absence of symptoms or tissue damage, through sub-
fertility apparently associated with endometriosis 
but in the absence of pain, to chronic pain associated 
with disabling pain symptoms and often gross dam-
age to the pelvic organs through abnormal invasion 
of endometriotic deposits into the pelvic tissues, neo-
vascularization and adhesion formation. In a series 
of asymptomatic multiparous patients undergoing 
sterilization, the prevalence was 26/3384 (3.7%) [2]. 
There is a relationship between the depth of invasion 
of endometriosis and the intensity of pain  symptoms, 

established with some difficulty through small but 
detailed histopathologic studies [3]. In this study 
nerve fibers could usually be identified in specimens 
of deeply invading endometriosis. Pain was present 
in 17% of those with deposits invading �2 mm, 53% 
of those with 2– 4 mm deposits, 37% of those with 
5–10 mm deposits and all six women with very deep 
deposits of �10 mm. No wholly reliable predictive set 
of criteria has emerged from studies of symptom pro-
files. Only the severity of dysmenorrhea was useful in 
predicting the diagnosis of endometriosis at laparos-
copy [4].

Based on a study of uterine specimens removed 
at hysterectomy for endometriosis, other forms of 
chronic pelvic pain and for nonpain indications, 
Atwal et al. proposed a concept of reinnervation and 
microneuroma formation as a mechanism for uterine 
pain and tenderness, with these features being seen in 
specimens from patients with painful conditions but 
not in those from patients without pelvic pain [5]. 
The study did not proceed to characterize the neu-
rotransmitter profile of the nerves which may have 
given further information about the sensory processes 
and pathways involved. The neurotransmitter expres-
sion of nerves growing into experimental implants 
in a rat model mimicking endometriosis did indicate
the presence of both autonomic and sensory compo-
nents [6]. 

Some of the above may be explained by the extent 
to which pathologic processes are associated with 
the release of inflammatory mediators, which again 
may reflect biologic variations in the response to 
tissue damage. Immune hypotheses have been pro-
posed in relation to endometriosis, but there are 
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no data to link specific patterns of host response 
with symptoms. Although mechanisms of visceral 
nociception have been clarified through animal 
experimental studies of the feline bladder [7], and 
processes such as activation of silent afferents fol-
lowing inflammation have been demonstrated, there 
is a dearth of evidence as to the place of such mech-
anisms in the pathophysiology of abnormal visceral 
sensation in women. Nevertheless, in the clinical 
setting, it is a  frequent observation that chronic pain 
can develop following infection that has apparently 
resolved, which may point to processes such as the 
activation of silent afferents. Chlamydial infection, 
in particular, is often associated with tissue damage 
in the absence of acute symptoms and may account 
for visceral sensitization. Adhesions may form after 
inflammation due to sepsis, following surgery and 
may be associated with endometriosis. Innervation 
of adhesion tissue has been described [8]. However, 
any causal relationship with pain symptoms is 
unclear.

Vulvodynia is a chronic disorder in women, 
characterized by provoked or constant vulvar pain 
of varying intensity without obvious concomitant 
clinical pathology. Two subsets of vulvodynia are 
recognized: generalized and localized pain subtypes, 
the latter currently referred to as vestibulodynia or 
vestibulitis. 

With regard to vulval or perineal pain, trauma is 
often suspected as a causal factor in the pathogen-
esis, whether during childbirth or through injury to 
the pelvis. Again, such episodes may be coinciden-
tal. Nerve conduction studies to assess damage to 
the pudendal innervation have proved of marginal 
value in clinical practice. A syndrome of entrapment 
of the pudendal nerve in Alcock’s canal has been 
described [9]. It is not clear whether neuropathic 
processes are involved in this proposed mecha-
nism, what the impact of surgical intervention is 
on the conduction properties of afferent fibers and 
whether central sensitization is a feature of the clini-
cal presentation. 

Immune and inflammatory mediators have 
been considered in the pathogenesis of endome-
triosis and have also received much attention in 
the case of vulval vestibulitis or vestibulodynia. 

As with endometriosis, it is unclear whether the 
primary problem is inflammation or the associ-
ated nociceptive processes. Evidence for the latter 
is the observation in a  functional MRI study of 
increased cerebral neuronal activity during painful 
vulval vestibular stimulation among patients with 
vulval vestibulitis syndrome compared with that 
seen among controls [10]. At the tissue level there 
is evidence for neuronal  proliferation [11] but no 
excess of cyclo-oxygenase or inducible nitric oxide 
activity [12]. Previous causative hypotheses around 
human papillomavirus or herpes genitalis infection 
have been discounted in molecular studies of clini-
cal biopsy specimens.

Pelvic muscle spasm may be a feature of chronic 
pelvic pain [13] and it is often difficult to establish 
whether this is the primary problem or is a natural 
response to the presence of pelvic tenderness arising 
from another condition such as endometriosis. Spasm 
of the levators certainly contributes to additional dis-
tressing symptoms such as urinary retention, consti-
pation and dyspareunia. 

A vascular pain mechanism, pelvic venous conges-
tion, has been proposed as a cause of chronic pelvic 
pain and relevant endothelially mediated vascular 
pain mechanisms have been demonstrated in human 
studies. There are questions about the association 
between pain symptoms and particular radiologic or 
ultrasound appearances that have become somewhat 
more difficult to interpret with the advent of interest 
among interventional radiologists in embolization of 
“pelvic varices” [14]. 

Hormonal factors are important mediators of 
nociception in both animal and human experimen-
tal models. Variations of pain threshold and behav-
ior were demonstrated in relation to sex hormone 
exposure in rats at different stages of the estrus cycle. 
Responses to distension of the uterus and vagina and 
pain behaviors overall showed heightened respon-
siveness during metestrus and diestrous compared 
to proestrus and estrus [15]. Meta-analysis of stud-
ies of women undergoing experimental exposure 
to different pain modalities at different stages of the 
menstrual cycle indicated an effect size of 0.40 for 
variation in pain sensitivity between the most and 
least sensitive phase [16]. 
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As with chronic pain in general, genetic fac-
tors may give rise to susceptibility to pelvic pain. In
clinical genetic epidemiologic studies, it is difficult to 
distinguish between genetic susceptibility to a con-
dition such as endometriosis, that may give rise to 
pain, and susceptibility to pain per se. In an Australian 
cohort of female twins who were questioned on two 
occasions 8 years apart, the longitudinally stable vari-
ance attributable to genetic and environmental factors 
could be calculated. Whereas 39% of the variance in 
reported menstrual flow was accounted for by genetic 
factors, the corresponding figure for dysmenorrhea 
was 55%, and for functional limitation from men-
strual symptoms was 77% [17]. Using the same twin 
cohort, the genetic contributions to endometriosis 
and somatic distress (as a proxy for nociception) were 
38% and 15% respectively [18].

Once patients with chronic pelvic and vulval pain 
reach the stage of assessment in a pain clinic, it appears 
that the pattern of symptom impact is similar to that 
seen in other chronic painful conditions in terms of 
severity and lifestyle impact (Fig. 13.1). It remains 
a clinical challenge to individualize assessment and 
treatment either to focus on “specific” pathologies 
such as endometriosis or to emphasize pain man-
agement and understanding of the pathophysiology 
as discussed above. Best clinical practice suggests an 
approach that recognizes both dimensions. 
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Figure 13.1 Pain intensity among UK pain clinic patients 
with chronic pain (all causes) and women with chronic 
pelvic pain [19].

Table 13.1 Classification of causes of chronic pelvic 
pain. Reproduced from Stones [20].

Inflammatory, infective
Chronic salpingitis

Inflammatory, noninfective
Endometriosis
Vulvodynia with dermatosis

Mechanical
Uterine retroversion
Adhesions

Functional
Pelvic congestion
Irritable bowel syndrome

Neuropathic
Postsurgical
Dysesthetic vulvodynia
Vulval vestibulodynia

Musculoskeletal
Pelvic floor myalgia
Abdominal and pelvic trigger points
Postural muscle strain

Classification of the causes 
of pelvic pain 

Table 13.1 shows the classification of the causes of 
chronic pelvic pain. 

Epidemiology of chronic pelvic 
and vulval/perineal pain in women

Population data on pain prevalence in women are 
available. A US-based telephone survey  interviewed 
respondents aged 18–50 years [21]; 17,927  households 
were contacted, 5325 women agreed to participate, 
and of these 925 reported pelvic pain of at least 
6 months’ duration, including pain within the past 
3 months. Having excluded those pregnant or post-
menopausal and those with only cycle-related pain, 
773/5263 (14.7%) were identified as suffering from 
chronic pelvic pain. A British population survey used 
a postal sample of 2016 women randomly selected 
from the Oxfordshire Health Authority register of 
141,400 women aged 18–49 years [22]. Chronic pel-
vic pain was defined as recurrent pain of at least 
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6 months’ duration, unrelated to periods, intercourse 
or pregnancy. For the survey, a “case” was defined 
as a woman with chronic pelvic pain in the previ-
ous 3 months, and on this basis the prevalence was 
483/2016 (24.0%). There were significant associations 
between chronic pelvic pain and the specific symp-
toms of dysmenorrhea and dyspareunia.

In the setting of UK primary care consulta-
tions, data from 284,162 women aged 12–70 years 
who had a general practice contact in 1991 were 
 analyzed to identify subsequent contacts over the 
following 5 years [23]. The monthly prevalence rate 
was 21.5/1000 and the monthly incidence rate was 
1.58/1000. The authors highlighted the burden of 
disease represented by these data, pointing out the 
comparability with migraine, back pain and asthma 
in primary care. Older women had higher monthly 
prevalence rates: for example, the rate was 18.2/1000 
in the 15–20 year age group and 27.6/1000 in women 
over 60 years of age. This association was thought to 
be due to persistence of symptoms in older women, 
the median duration of symptoms being 13.7 months 
in 13–20 year olds and 20.2 months in women over 
60 years [24].

The presence of symptoms does not necessarily 
reflect healthcare seeking. This was highlighted in 
the UK population survey described above: of 483 
women with chronic pelvic pain, 195 (40.4%) had not 
sought a medical consultation, 127 (26.3%) reported 
a past consultation and 139 (28.8%) reported a recent 
consultation for pain [25]. The US telephone  survey 
 discussed above also drew attention to the large 
numbers of women with symptoms who do not seek 
medical attention. Seventy-five percent of this sample 
had not seen a healthcare provider in the previous 
3 months. 

With regard to vulval pain, the single available 
population-based sample survey was undertaken 
in Boston, USA [26]. Census records were used to 
sample 4915 women aged 18–64 years using a self-
administered questionnaire. Approximately 16% 
of respondents reported histories of chronic burn-
ing, knife-like pain or pain on contact that lasted for 
at least 3 months or longer. These symptoms were 
present in nearly 7% at the time of the survey. As with 
the pelvic pain surveys discussed above, a substantial 
proportion of women reported that they had not 
sought treatment. Of those who did seek healthcare, 

60% saw three or more doctors but a positive diagno-
sis was frequently absent. 

Risk factors

Consideration of risk factors for chronic pelvic 
and perineal pain necessitates a recognition of the 
 complex interplay of pathophysiologic processes dis-
cussed above, reproductive history and status, the 
psychologic mediators of the impact of adverse life 
 experiences, and co-morbidity such as depression. 
Typically, in the literature the direction of causality is 
difficult to establish. As an example, depression may 
be a risk factor for chronic pain, or at least for greater 
symptom impact, while chronic pain may naturally 
give rise to mood disturbance. In the early literature, 
an attempt was made to separate physical from psy-
chologic processes. In more recent studies, the simi-
lar prevalence of mood disturbance in those with 
and without a specific cause for pelvic pain has been 
established [27].

Abuse as a child, whether sexual or physical, may 
predispose to chronic pelvic pain. Direct causal-
ity cannot be inferred as many individuals who have 
suffered such abuse do not suffer from chronic pain 
in later life. The research literature is beset with the 
problem of appropriate comparison groups. A com-
parison of adverse experiences was made with three 
groups of 30 patients each, two of patients from a 
tertiary referral multidisciplinary clinic and a group 
without pain [28]. The two groups of pain patients 
were those with pelvic pain, and those with other 
types of pain. Among the pelvic pain group, 12 (40%) 
reported sexual abuse compared to five (17%) in each 
of the two comparison groups. Experience of physi-
cal abuse was the same in all groups although women 
with pelvic pain had a higher score for somatization, 
i.e. the experience and communication of somatic 
distress and symptoms. 

The role of infection is sometimes overstated 
with regard to chronic pelvic pain, notwithstand-
ing the proposed mechanism of visceral sensitiza-
tion by agents such as chlamydia discussed above. In 
vulval vestibulitis syndrome (VVS), researchers have 
undertaken numerous studies attempting to eluci-
date the significance of infection as a risk factor for 
vestibular pain. The role of candidiasis has not been 
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confirmed, with conflicting data reporting an asso-
ciation with recurrent candida in 80% of VVS cases 
[29] or no difference in the prevalence compared 
with  controls [30]. The diagnosis of candidiasis in 
the afore-mentioned studies was often presumptive; 
hence, early misdiagnosis of VVS as candidiasis could 
have contributed to the observed statistical linkage. 
More recent investigations, which corroborated refer-
ring physician statements or prior laboratory results 
with patient reports, found VVS risk to be associated 
with a history of bacterial vaginosis, Candida albicans, 
pelvic inflammatory disease, trichomoniasis, and vul-
var dysplasia [31]. Case–control studies from North 
America suggest that VVS is more common in white 
compared to African-American women [32], but this 
was not confirmed in the population-based survey of 
Harlow & Stewart [26].

Latthe & colleages [33] undertook a systematic 
review of 48 factors predisposing women to chronic 
pelvic pain, dyspareunia and dysmenorrhea. Factors 
associated in the analysis with noncyclical pelvic pain 
were drug or alcohol abuse, miscarriage, prolonged 
menstrual flow, pelvic inflammatory disease, previous 
cesarean section, pelvic pathology, abuse (sexual and 
physical), and psychologic co-morbidity. Odds ratios 
and confidence intervals for some of these associa-
tions are shown in Table 13.2. While the review estab-
lishes associations of interest, one needs to bear in 
mind that the assembled data are drawn from very 
diverse settings ranging from population surveys to 
tertiary medical facilities. Furthermore, some of the 
associations may be self-fulfilling: the  diagnosis of 
“pelvic inflammatory disease” is often given to women 

presenting with pain despite the absence of objective 
features of infection, and patients with recurrent or 
“unexplained” pain may be given a psychologic or 
psychiatric label by default. 

Treatment of pelvic pain

Interventions supported by RCT evidence

Laparoscopic surgery for endometriosis
Discussion of the role of hysterectomy is beyond the 
scope of this chapter.

An early randomized comparison of  laparoscopic 
surgery for mild or moderate endometriosis showed 
evidence of benefit. Sixty-three patients were rand-
omized to laser ablation of endometriotic deposits 
and laparoscopic uterine nerve ablation, or  expectant 
management (diagnostic laparoscopy alone). At 
6 months, 62.5% of those in the laser laparoscopy 
group reported improvement or resolution of symp-
toms compared with 22.6% in the expectant group 
[34]. With regard to severe endometriosis treated by 
laparoscopic excision or delayed for 6 months, symp-
tom relief was obtained by 16/20 (80%) of those 
operated on versus versus 6/19 (32%) of those in 
whom treatment was delayed [35]. 

Surgery versus cognitive therapy and 
biofeedback for pelvic muscle relaxation for 
vulval vestibulitis syndrome (vestibulodynia)
A 12-week trial of either cognitive behavior 
therapy or biofeedback for pelvic muscle relaxa-
tion using electromyography was compared with 

Table 13.2 Odds ratios and 95% confidence intervals for factors associated with chronic 
 noncyclical pelvic pain in women. Adapted from Latthe et al. [33] with permission from 
BMJ Publishing Group Ltd.

Factor Odds ratio and 95% confidence intervals

Drug/alcohol abuse 4.61 (1.09 to 19.38)
Miscarriage 3.00 (1.27 to 7.09)
Duration of menstrual flow 3.13 (1.62 to 6.05)
History of pelvic inflammatory disease 6.35 (2.66 to 15.16)
Previous cesarean section 3.18 (1.91 to 5.30)
“Pelvic pathology” 2.45 (1.30 to 4.61)
Abuse 2.45 (1.47 to 4.06)
Psychosomatic symptoms 8.01 (5.16 to 12.44)
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 vestibulectomy in 78 women. Post-treatment and 
6-month follow-up results were superior in the ves-
tibulectomy group, although scores improved in all 
the groups [36]. 

Surgery versus conservative management 
for pudendal nerve entrapment
Sixteen women were randomized to each of two 
groups, either a group who underwent surgery to 
decompress the pudendal nerve or a group treated by 
conservative management. On an intention-to-treat 
basis, 50% of the intervention group were improved 
compared to 6.2% of the control group at 3 months. 
Analyzing by actual treatment, 71.4% of the surgery 
group were improved at 12 months compared to 
13.3% of the control group. At 4 years, eight of those 
randomized to surgery were still improved (50%). 
The authors conclude that while the intervention is 
worthwhile, other modalities of treatment are likely 
to be needed in addition [37].

Multidisciplinary management
The use of a multidisciplinary approach in the treat-
ment of women with chronic pelvic pain led to a pos-
itive outcome in a self-rating scale (odds ratio (OR) 
4.15, 95% confidence interval (CI) 1.91–8.99, n � 106) 
and in daily activity but not in pain scores, by com-
parison with those receiving “conventional care” [38].

Counseling supported by ultrasound scanning
Often patients with pelvic pain are anxious about the 
potential for disease. A randomized comparison of 
expectant management versus counseling supported 
by ultrasound scanning to demonstrate normal 
anatomy showed benefit for the intervention both in 
terms of pain scores (OR 6.77, 95% CI 2.83–16.19,
n � 90) and mood [39].

Hormonal therapy for ovarian suppression 
Progestogen (medroxyprogesterone acetate) was effec-
tive in reducing chronic pelvic pain after 4 months’ 
treatment as reflected in pain scores (OR 2.64, 95% 
CI 1.33–5.25, n � 146) and a self-rating scale (OR 
6.81, 95% CI 1.83–25.3, n � 44), but benefit was 
not sustained 9 months post treatment [40, 41]. 
Medroxyprogesterone acetate plus psychotherapy was 
effective in terms of pain scores (OR 3.94, 95% CI 
1.2–12.96, n � 43) but not in the self-rating scale at the 

end of treatment. Benefit was not sustained post treat-
ment. Venography scores for pelvic congestion, symp-
tom and examination scores, mood and sexual function 
were improved to a greater extent 1 year after treatment 
with goserelin compared to  progestogen [42]. 

Treatments with conflicting evidence 
from randomized studies

Presacral neurectomy and laparoscopic 
uterine nerve ablation
Presacral neurectomy (PSN) and laparoscopic  uterine 
nerve ablation (LUNA) are both surgical procedures 
that involve the disruption of sensory nerve afferents 
that carry pain stimuli from the pelvis. In LUNA, the 
uterosacral ligaments are transsected close to their 
insertion at the cervix, thus interrupting part of the 
Lee-Frankenhauser nerve plexus. In PSN, the presacral 
nerve plexus is isolated and cut proximally and distally. 
Complications associated with LUNA are rare; there 
have been isolated cases of uterine prolapse and blad-
der dysfunction. PSN has been associated with more 
serious complications such as hematoma formation, 
major vessel injury, constipation and bladder dys-
function, though these are rare in experienced hands. 
A number of studies have suggested benefit from 
LUNA and PSN for  primary and secondary dysmen-
orrhea, including randomized trials [43, 44]. However, 
a large multicenter study examining the effectiveness 
of LUNA in pelvic pain (n = 487) has recently finished, 
with indications of  negative  findings with respect to 
pain relief (KS Khan, personal communication). 

Short-term results for PSN and LUNA for dysmen-
orrhea seem to be similar, although PSN has better 
results in the long term as suggested by the single trial 
comparing the two procedures [45]. This showed no 
difference in the treatment groups up to 6 months 
(OR 0.7, 95% CI 2.9–82.7), although when responses 
were assessed at 12 months, PSN appeared to be more 
effective. 

Treatments supported by nonrandomized 
studies but shown to be noneffective 
in RCT

Adhesiolysis
A number of nonrandomized studies have reported 
that division of adhesions is useful in the treatment 
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of pelvic pain [46–48]. Overall, a meta-analysis 
showed that out of over 600 patients with pelvic pain, 
76% would obtain relief from adhesiolysis. However, 
the two available RCT are not supportive. The out-
come in women undergoing adhesiolysis via laparot-
omy was not different to that in women who did not 
undergo surgery on any outcome measure (OR 1.54, 
95% CI 0.81–2.93, n = 148). However, the small sub-
group with dense vascularized adhesions did show 
a significant benefit for surgery (OR for self-rating 
scale 16.59, 95% CI 2.16–127.2, n = 15) [49]. Using 
a laparoscopic approach, 29/52 patients reported 
improvement following adhesiolysis compared to 
20/48 controls (OR 1.75 for improvement, 95% CI 
0.8–3.82) [50]. 

Treatments supported by nonrandomized 
studies

Lidocaine for vulval vestibulitis syndrome 
(vestibulodynia)
Topical 5% lidocaine ointment applied overnight 
resulted in significant improvement in a group of 
61 participants observed over a mean of 7 weeks. 
Seventy-six percent reported being able to have inter-
course at the end of the study, compared to 36% 
before treatment; 57% achieved a 50% or greater 
improvement in symptoms [51].

Tricyclic and SNRI antidepressants
Tricyclic antidepressants and serotonin and noradrena-
line reuptake inhibitor (SNRI) antidepressants have 
been shown to be helpful in neuropathic pain [52, 53]. 
The question remains as to whether these drugs relieve 
pelvic pain and vulvodynia. Although there have been 
anecdoctal reports of benefit in small groups of patients 
with vulvodynia [54, 55], there are no published rand-
omized controlled studies to clarify the position. 

Anticonvulsants
Gabapentin blocks the α2δ subunit of the calcium 
channel and has been shown to be effective for the 
treatment of neuropathic pain [52]. A small series of 
patients with vulvodynia reported a favorable response 
to gabapentin, but no controlled trials have been pub-
lished [56]. One small trial has suggested a synergistic 
effect between amitriptyline and gabapentin.

Biofeedback
Twenty-nine patients with moderate to severe vul-
var vestibulitis were given electromyographic assess-
ment of the pelvic floor muscles. The patients were 
then given a portable home trainer  biofeedback 
device and instructions to perform biofeedback-
assisted pelvic floor muscle rehabilitation exercises. 
Patients were evaluated on a monthly basis for 
vestibulodynia and dyspareunia; 51.7% demon-
strated markedly reduced introital tenderness and 
93.3% were able to resume sexual activity without 
 discomfort [57].

Treatments not shown to be effective: 
evidence of no benefit

Photographic reinforcement
A randomized comparison of pain outcomes fol-
lowing laparoscopy was undertaken to assess the 
potential benefit of showing laparoscopic images to 
patients as a method of “photographic reinforcement” 
of the explanation of normal findings at surgery [58]. 
Two hundred and thirty-five women undergoing 
diagnostic laparoscopy for the investigation of pelvic 
pain were randomized. Pain scores at 6 months were 
reported in 45 and 57 women in the intervention and 
control groups respectively. Pain scores and other 
measures were not significantly different but there 
was a trend towards less favorable outcomes in the 
photographic reinforcement group.

Treatments not shown to be effective: 
no evidence of benefit

SSRI antidepressants
No improvement in pain scores was seen in a small 
study of women with pelvic pain taking sertraline 
compared to placebo. The SF-36 subscale “Health 
perception” showed a small improvement in the ser-
traline arm, while the “Role functioning-emotional” 
subscale showed a large fall in the sertraline arm [59]. 

Writing therapy
The aim of this intervention was to allow patients to 
identify and express the thoughts and feelings asso-
ciated with their pain as a means of reducing their 
impact. The main effects of writing about the stress 
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of pelvic pain were limited [60]. Weighted mean dif-
ferences (95% CI) on the various subcategories of 
McGill Pain Questionnaire were: sensory pain 0.07 
(–0.31 to –0.45), affective pain –0.12 (–0.42 to –0.18) 
and evaluation pain –1.16 (–1.96 to –0.36). Women 
with higher baseline ambivalence about emotional 
expression appear to respond more positively to this 
intervention, thus showing a subgroup who may 
benefit specifically from this type of psychologic 
approach.

Static magnetic therapy
The effects of wearing small magnets as therapy for 
chronic pelvic pain versus placebo were assessed 
[61]. No difference was seen following 2 weeks’ treat-
ment but some significant differences appeared at 4 
weeks as assessed by the Pain Disability Index and the 
Clinical Global Impression Scale but not the McGill 
Pain Questionnaire. Analyzed in terms of weighted 
mean differences, the differences were nonsignificant 
and there was a substantial drop-out rate. The putative 
mechanism of action of this modality is unclear but 
some data from other settings have indicated benefit, 
such as therapy for diabetic neuropathic foot pain. It 
is suggested that magnetic fields modify the abnormal 
discharge of damaged C-fiber afferents [62]. 

Issues of cost-effectiveness

The costs and benefits of different forms of 
endometriosis treatment have been reviewed [63]. In 
this condition there are choices to be made between 
 hormonal therapy and surgery. Costs associated 
with surgery are heavily dependent on the capacity 
to undertake “one-stop” diagnostic and therapeutic 
laparoscopy. While appropriate for minimal to 
moderate disease, this approach is not feasible for 
complex late-stage endometriosis surgery, which 
requires careful planning, including bowel preparation. 
In recent years, the costs of medical treatments have 
reduced, but there is still a lack of long-term safety 
data relating to the use of gonadotrophin-releasing 
hormone (GnRH) agonists with “add-back” estrogen. 
Therefore, laparoscopic surgery remains the preferred 
option in many cases. Other forms of treatment 
for pelvic and vulval pain have not been analyzed 
systematically for cost-effectiveness.

The future: strategies to improve 
the evidence base for the 
treatment of pelvic and 
vulval/perineal pain in women

In the clinical setting it is usually unrealistic to try to 
collect patients with a definitive pathologic diagnosis 
for treatment trials in pelvic and vulval/perineal pain. 
Moreover, the case mix seen in particular clinics is 
highly influenced by referral patterns and the special-
ist interest of the practitioner. Inevitably, there will be 
heterogeneity between units both in patients’  clinical 
presentation and in the chronicity and severity of 
pain and associated functional impairment.

A practical approach to generating informative 
studies might involve the following elements.

Definition of entry criteria based on pain inten-
sity, duration and symptom impact using validated 
measures such as the Brief Pain Inventory.
Grouping of participants on the basis of related 
constellations of symptoms. For example, it makes 
clinical sense to group those with mainly focal vulval 
vestibular symptoms separately from those with more 

•

•

Box 13.1 Treatment options

Interventions supported by RCT evidence
Laparoscopic surgery for endometriosis
Vestibulectomy
Pudendal nerve release
Multidisciplinary management
Counseling with ultrasound scanning
Hormonal therapy for ovarian suppression

Interventions with conflicting evidence 
from RCTs
PSN and LUNA

Treatments supported by nonrandomized 
studies but shown to be noneffective in 
RCT
Adhesiolysis

Treatments supported by nonrandomized 
studies
Lignocaine ointment for vulvar vestibulitis
Tricyclic antidepressants
Gabapentin
Biofeedback
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generalized pelvic pain secondary to endometriosis. 
But patients often have symptoms referable to other 
pelvic organs, especially the bowel and bladder, and it 
is unrealistic to exclude them from studies of “pelvic 
pain.” Moreover, such symptom overlap is consistent 
with current concepts of viscerovisceral and visceros-
omatic convergence in sensory innervation.
Where feasible, identification of a neuropathic 
element through sensory testing may help to 
strengthen understanding of treatment mechanisms 
as well as providing repeatable outcome measures 
within the same individual.
Defining “packages” of interventions for compari-
son, in recognition that chronic pain management 
almost always involves (and indeed should involve) 
more than one treatment modality.

Authors’ recommendations

This chapter has identified treatments for which evi-
dence is stronger, and those that are at the less robust 
end of the spectrum. It has not been possible satis-
factorily to review the full range of “general” chronic 
pain treatment modalities that are offered to patients 
with chronic pelvic, vulval or perineal pain. For 
example, opioids have an important place for many 
patients but tend to be conceptualized as a treatment 
for chronic pain rather than for a specific subgroup 
of chronic pain patients. Thus, while they are very 
important in practice, it is unlikely that a substantial 
body of RCT evidence on their use in this specific 
patient group will emerge. 

It is interesting to reflect on the presence of a 
number of surgical interventions in the list of  effective 
treatments. The evidence suggests that these are valu-
able and their presence in a review of pain  treatments 
perhaps extends the conceptual  boundaries of the 
multidisciplinary approach. As emphasized by the 
French group who have pioneered surgery for puden-
dal neuralgia, surgery needs to be undertaken along 
with other pain management interventions and not as 
a single modality. Again, women with endometriosis 
have often not received multidisciplinary pain inter-
ventions because they have been considered to have a 
gynaecologic condition amenable to surgery. In real-
ity, they benefit substantially from the combination 
of appropriate surgery with other pain management 
modalities. 

•

•

A significant barrier to research and service devel-
opment in this area is that it has a relatively low pri-
ority for the pharmaceutical industry. In addition, 
funding combinations of interventions is especially 
unattractive to industrial sponsors because of regula-
tory requirements. Therefore, the reality is that sub-
stantial clinical trial activity is likely to be dependent 
on competitive grant funding. For research funding 
bodies, formal comparisons of treatment packages 
have not been seen as sufficiently novel or original. 
To generate a climate where such studies are given 
appropriate priority by funding bodies requires 
considerable effort from health service researchers, 
patient organizations and professional societies.
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CHAPTER 14

Perineal pain in males

Andrew P. Baranowski
Pain Management Centre, National Hospital for Neurology and Neurosurgery, University College London Hospitals, 
London, UK

Introduction

For the purpose of this chapter, the pelvis will be 
regarded as the area below a transverse section through 
the body taken at the level of the iliac crest and above a 
transverse section drawn just below the external geni-
talia. This is not the true anatomic pelvis but has been 
defined in this way to include those pain syndromes 
that may be referred to the true anatomic pelvis.

Background to perineal/pelvic 
pain syndromes in males

Perineal/pelvic pain in the male relates to either a 
well-defined pathology or one of the pain syndromes. 
Well-defined pathologies would include the cancers 
and infectious diseases that may produce pain; the 
management of such pathologic process will not be 
discussed in this chapter as treatment of the primary 
cause is described in numerous texts and is the treat-
ment of choice when possible.

The pain syndromes, by definition, are poorly 
defined in terms of classical pathology; in particular, 
there is no evidence of tumor, infection or inflam-
mation as a cause of pain. Over the past few years a 
number of mechanisms have been suggested that 
would explain some of the features of these condi-
tions. In certain cases, most notably the pelvic neu-
ralgias and myalgias, “classical pathological processes” 

are being used to explain the mechanisms for the pain 
syndrome; in other cases “chronic pain mechanisms” 
are being invoked. Some of the pain syndromes will 
thus be recategorized, with time, into the well-defined 
pathology group. 

Historically the perineal/pelvic pain syndromes 
were classified by a terminology that implied a 
pathologic process that could not be confirmed. For 
instance, testicular pain was referred to as “chronic 
orchitis” despite there being no evidence of infection 
or even inflammation. Other spurious terms used 
include “chronic prostatitis” for pain perceived to arise 
from the “prostate” and “interstitial cystitis” for pain 
perceived in the “bladder.” The European Association 
for Urology (EAU) modified the axial taxonomy of 
the International Association for the Study of Pain 
in 2003, publishing a pain syndrome classification 
based on perceived site of pain. Pain perceived to be 
in the prostate, from the clinical history and exami-
nation, according to that taxonomy is to be known as 
prostate pain syndrome, pain perceived in the testis as 
testicular pain syndrome and in the bladder as blad-
der pain syndrome. This classification does not imply 
any pathologic process; in particular, it is not meant 
to imply a pain source in the organ, only that the per-
ceived sensation appears associated with that organ. 
There may be associated symptoms such as swelling, 
urinary frequency or urgency and the mechanisms 
for these are beginning to be understood.

Most of the recent emphasis on classification has 
been in the fields of prostate pain and bladder pain. 
The NIH in 1990 included chronic prostate pain 
under its classification of “prostatitis.” This is now 
considered by many to have been a mistake. However, 
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it did allow clinicians to divide the chronic prostate 
pains into those with inflammation on examination 
of the prostatic secretions and those without evidence 
of inflammation (in both of these groups, by defini-
tion, there was no evidence of infection). Recent expe-
rience suggests that the mechanisms in both groups 
may be similar and that the presence of inflammatory 
cells has no therapeutic implications and does not 
affect prognosis. Recently, the European Association 
for the Study of Interstitial Cystitis (ESSIC) agreed 
that the term “interstitial cystitis” should be aban-
doned for the term bladder pain syndrome. It further 
subdivided the condition according to changes in the 
bladder seen on cystoscopy and biopsy. 

The new taxonomy has had a number of conse-
quences. First, patient groups and some clinicians 
have raised concerns about the implications of the 
name changes for “the sake of name change.” These 
groups raise concerns about costs, particularly in 
those countries where a specific named diagnosis is 
necessary to obtain treatment. Second, there is a move 
away from an organ-based taxonomy and towards a 
mechanism-based approach. For the purpose of this 
chapter, we shall discuss evidence-based treatments  
as appropriate for both mechanism-based and organ-
specific diagnoses.

Current understanding of relevant 
pathophysiology for perineal/pelvic 
pain syndromes

Visceral chronic pain mechanisms
There are differences between the nociceptive proc-
esses involved in visceral pain compared to those in 
somatic pain. However, it is well established that cen-
tral hypersensitivity changes can occur in both types 
of pain. The implications are that normal sensory 
stimuli can be perceived in a magnified form with the 
result that innocuous sensations may be perceived as 
pain or that normally unperceived sensory stimuli 
become perceived. The latter dysaesthesias may be the 
cause of urinary frequency and urgency in the bladder 
pain syndromes, the urge to defecate in bowel hyper-
sensitivities and sensory changes associated with ejac-
ulation in the prostate pain syndromes. These central 
changes may occur as a result of an acute painful 
insult such as associated with infection. The insult 
to the organ results in activation of  normally silent, 

“sleeping” afferents and in changes in the receptive 
fields of second-order neuronal pathways within the 
central nervous system. 

Multiple chemical changes may be implicated in 
these changes. N-methyl-D-aspartic acid (NMDA) 
is implicated in central neuromodulation as NMDA 
blockade can reduce the visceral hyperalgesia response 
in both psychophysical and electrophysiologic inves-
tigations. Nerve growth factor (NGF) has direct 
and indirect effects upon primary afferents with the 
result that the primary afferents are more sensitive to 
stimuli; that is, more activity is generated in them per 
unit of stimulus. The tachykinins may be involved in 
sensitization of the micturition reflex following blad-
der inflammation and may have a significant role in 
the production of neurogenic edema, such as may be 
seen in certain subgroups of bladder pain syndrome. 
Adenosine triphosphate (ATP) acting upon the P2X1 
receptors and agents acting on the sodium channel 
receptors have also been implicated. As well as chemi-
cal changes, structural and local cell genetic changes 
occur and as a result the changes of sensory percep-
tion associated with the organ may persist for many 
months or even years after the original insult.

Recent evidence points to the existence of both vis-
ceral-visceral hyperalgesias and dysesthesias as well 
as visceral-muscular hyperalgesias. Central changes 
throughout the neuraxis may occur as a result of an 
insult such as acute distension or inflammation of 
an organ. These central changes may alter the neuro-
processing of signals from organs not involved in 
the primary pathology so that those organs become 
hypersensitive (visceral-visceral hyperalgesia) or 
affecting muscles (visceral-muscular hyperalgesia). 
Visceral-visceral hyperalgesia and hypersensitivity 
may explain why many patients have pain and sen-
sory abnormalities associated with multiple organs.

A number of chronic perineal/pelvic pain syn-
dromes may involve chronic infection or inflamma-
tion that cannot be identified. The evidence that such 
pathologies cause chronic pain is hotly debated and 
there is a general trend away from diagnoses which 
imply undected infection or inflammation.

Muscle hyperalgesia
The mechanisms involved in visceral-visceral hyper-
algesia may be responsible for sensory perception 
abnormalities perceived in the muscles. Muscle 
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hyperalgesia may arise as a result of a visceral insult 
(visceral-muscle hyperalgesia), primary muscle insult 
(e.g. trauma to the muscle itself) or secondary to 
other musculoskeletal abnormalities (e.g. mechanical 
back pain producing a referred pelvic muscle hyperal-
gesia). Additionally, primary muscle dysfunction with 
pain may result in visceral hyperalgesia, visceral sen-
sitivity and visceral dysfunction. Muscles are closely 
approximated to the viscera and nerves and in con-
sequence, the muscles may physically interact with 
those structures. For instance, irritable pelvic floor 
muscles may affect bladder function, producing uri-
nary frequency and a sensation of urgency associated 
with poor urinary flow, intermittent urinary flow, 
hesitancy and pis en deux. Similarly, changes in the 
structure (e.g. lax pelvic floor muscles) or function 
(e.g. spasm of the pelvic floor muscles) may affect 
adjacent nerves. Such mechanisms have been pro-
posed as possible causes of pudendal neuralgia.

Peripheral nerve injury
The innervation of the pelvis and perineum is com-
plex and is well described. The pathophysiology of 
nerve injury and the pain associated with this are also 
well described. There are a number of classic nerve 
injury syndromes which may present as pelvic/peri-
neal pain.

Central nerve injuries
Sacral roots (perineal and leg pain), e.g. cauda 
equina syndrome, arachnoiditis, presacral tumor.

Intra-abdominal/pelvic nerve injury
Injury to pelvic plexus, superior and inferior 
hypogastric plexus, presacral sympathetic nerves 
and ganglion impar, prostatic plexus (deep pelvic 
pain), e.g. pelvic surgery and tumors.

Nerve injury affecting nerves anterior 
to the pelvis

Pain from the thoracolumbar nerve (posterior 
branch – pelvic lumbago, lateral branch – lateral 
pelvic pain, anterior branch – inguinal and testicu-
lar pain), e.g. 12th rib syndrome, nerve root irrita-
tion due to canal stenosis or disk.
Ilio-inguinal and iliohypogastric nerve injury 
(inguinal canal, suprapubic and scrotal/testicular 
pain), e.g following lumbar spinal surgery, incisions 

•

•

•

•

in the iliac abdominal region, Pfannenstiel inci-
sions, inguinal surgery.
Genitofemoral nerve injury (scrotal/testicular pain 
and inner thigh pain), e.g. abdominal aortic aneu-
rism surgery, ureteric surgery, iliac surgery, inguinal 
surgery.
Obturator nerve (pelvic and inner thigh pain), e.g. 
obturator canal entrapment, pelvic cancer.

Nerve injury to those nerves that enter 
the pelvis posteriorly

Pudendal nerve (anal, perineal/vulvar, penis/clitoris, 
scrotal/testicular pain), e.g. nerve entrapment syn-
dromes, pelvic floor muscle dysfunction, direct 
trauma. 
Inferior cluneal nerve (buttock pain extending to 
inner thighs/perineum), e.g. direct trauma, sitting 
for prolonged times, nerve entrapment.
Perineal branches of the posterior femoral cutane-
ous nerve (perineal pain), e.g. direct trauma, sitting 
for prolonged times, nerve entrapment.
Posterior femoral cutaneous nerve (posterior thigh 
pain), e.g. direct trauma, sitting for prolonged 
times, nerve entrapment.

The pain syndromes associated with injury of the 
posterior nerves in the region of the piriformis, supe-
rior gemellus, obturator internus and inferior gemel-
lus muscles (the “posterior triangle”) merit special 
mention as they have not been well described to date. 
Injury and disease processes in this area may involve 
one or more of these nerves with associated neuro-
pathic symptoms. The sensory abnormalities that 
occur may be a result of involvement of the following 
nerves: sciatic, inferior cluneal, pudendal, posterior 
femoral cutaneous and the perineal branches of the 
posterior femoral cutaneous nerve.

Many perineal pains are now categorized as puden-
dal neuralgia. However, making such a diagnosis is not 
easy as many mechanisms may be involved, includ-
ing damage to other nerves (as listed above) and the 
muscle hyperalgesias. For true pudendal neuralgia, 
the pain should be perceived in the distribution of the 
pudendal nerve or one of its branches. Other sensory/
motor abnormalities may support the diagnosis such 
as numbness or paresthesia in an appropriate dis-
tribution or the absence of a bulbocavernosal reflex. 
Pudendal nerve conduction tests in the absence of 
hypoesthesia rarely help with the diagnosis. It has been 

•

•

•

•

•

•
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suggested that bulbocavernosal electromyographs may 
be more helpful. Classically the pain is said to be worse 
with sitting and relieved by standing (or sitting on a 
toilet seat). However, such variations in pain may be 
associated with other “posterior triangle” nerves and 
the muscle hyperalgesias. The more pronounced the 
nerve damage, the less likely that there will be a vari-
ation in the pain with direct pressure over the nerves 
as the pain will be more constant. Thorough clinical 
examination by an experienced practitioner may help 
to distinguish the different types of pain. Selective 
nerve blocks of the pudendal nerve at the ischeal 
spine, under X-ray guidance and with neurotracing 
recognition of the nerves, is an essential part of mak-
ing the diagnosis, but may also be therapeutic. Deeper 
injections under CT guidance may also help localize 
the source of the pain. 

Psychology and psychiatry in male 
perineal/pelvic pain syndromes 
Illusory pain associated with frank psychiatric dis-
turbance is extremely uncommon. Other neurologic 
syndromes may produce pain in the pelvis/perineum 
but these are not well described in the absence of 
lesions demonstrated within the nervous system on 
scanning.

There is little evidence that negative sexual events 
(NSE) produce imaginary pain. Negative sexual 
events and other major life events may result in a state 
of emotional and physical tension. Such states may 
be associated with a number of physiologic changes, 
including muscle tension, with associated pain. Such 
changes may result in muscle hyperalgesia, nerve 
entrapment and the initiation of a persistent pain 
syndrome.

Chronic pelvic/perineal pain is associated with 
psychologic distress and sexual dysfunction in men. 
There is a complex interaction between the psychol-
ogy, sexology, relationships and sociology of chronic 
pelvic pain. Patients who exhibit catastrophizing and 
who have poor pain-contingent resting and poor 
social support have poor outcomes from therapy. 

Prevalence figures/epidemiology 

Chronic perineal/pelvic pain in men is common. It is 
probably the most common reason for attendance at 
a urology clinic in males under 40. 

Prostate pain/prostate pain syndrome
Worldwide prevalence of prostate pain is said to 
be  2–10% [1]; however, other pelvic pains may be 
included in this figure as diagnosis may be difficult. 
In a postal survey of 3000 Canadian men the majority 
of sufferers were aged 20–49 or over 70 [2], with 50% 
of men given the diagnosis of prostatitis symptoms at 
some point during their lives [3]. 

In the USA 8% of urology clinic patients and 1% 
of patients in general clinics are given the diagnosis 
of “prostatitis” [4]. 

Nickel and his group reviewed the National 
Institutes of Health (NIH) chronic prostatitis symp-
tom index data [5]. This represents a cross-sectional 
postal survey of 2987 men aged 20–74 years in 
Canada (response rate of 29%). It identified 9.7% of 
subjects as having chronic prostatitis-like symptoms 
according to the NIH chronic prostatitis symptom 
index. In this group the average age of the prostati-
tis population was 50 years and the prevalence was 
11.5% in men younger than 50, and 8.5% in the older 
men. The relatively low response rate raises the issue 
of nonresponder bias. Also, in this survey younger 
men were under-represented and the older age group 
over-represented. In a later study by this group [6], a 
prospective study of 8712 patients seen in a urology 
outpatient practice, prostatitis-type symptoms were 
identified in only 2.7% of the men. 

Scrotal pain/scrotal pain syndrome 
(including testicular and epididymal pain 
syndromes)
The incidence of testicular pain not related to surgery 
is considered to be 1% [7]. Nickel et al. in 2005 diag-
nosed epididymitis in 0.9% of men presenting to a 
urology clinic [6].

Postsurgical pain is well described with the inci-
dence of postvasectomy pain said to be 15–19% [8]. 

Bladder pain/bladder pain syndrome
There is disagreement over the terminology for 
pain perceived to be associated with the bladder. 
In the 1980s a conference of the National Institute 
of Diabetes and Digestive and Kidney Diseases 
(NIDDK) agreed criteria to ensure that the groups of 
patients enrolled in research studies would be rela-
tively similar [9]. These criteria defined interstitial 
cystitis (IC) by exclusion with bladder pain, urgency 
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and the finding of submucosal hemorrhages, called 
glomerulations, as the only positive elements and cir-
cumscribed lesions known as Hunner’s lesions as an 
automatic inclusion criterion. The NIDDK criteria 
were accepted for research but were considered too 
restrictive for clinical use [10]. 

The International Continence Society defined 
a painful bladder syndrome in 2002 [11] and the 
European Association of Urology defined the blad-
der pain syndrome [12]. In a recent response (2007) 
to patient support groups, the ESSIC stated “The 
name Interstitial Cystitis (IC) has been under debate 
for several years. Originally, IC was synonymous with 
Hunner’s lesion of the bladder, but has subsequently 
expanded to be used in an undefinable population 
of patients with bladder pain.” The ESSIC went on 
to emphasize: “The International Continence Society 
(ICS) published a report of definitions in 2002, defin-
ing painful bladder syndrome (PBS) as – suprapubic 
pain related to bladder filling, accompanied by other 
symptoms such as increased daytime and night-time 
frequency in the absence of infection or other pathol-
ogy – and IC as the above with “typical cystoscopic 
and histological features”.” To be consistent with other 
pain terminology, the term painful bladder syndrome 
is likely to change to bladder pain syndrome and dur-
ing the transition, bladder pain syndrome/interstitial 
cystitis (BPS/IC) is likely to be used to describe both 
conditions. This change in terminology, although sci-
entifically rational, has caused much concern amongst 
patient support groups.

A study indicating that BPS/IC is underdiagnosed 
in both men and women was carried out from a mail-
ing of the O’Leary-Sant interstitial cystitis question-
naire, sent to 10,000 subjects in the North Pacific. The 
prevalence of BPS/IC symptoms was between 6.2% 
and 11.2% for women and 2.3% and 4.6% for men. 
In a previous study in the same population, the prev-
alence of a physician diagnosis of BPS/IC was 0.2% 
in women and 0.04% in men. Therefore the preva-
lence of BPS/IC symptoms was 30–50-fold higher in 
women and 60–100-fold higher in men compared 
with the physician diagnosis of BPS/IC. The symp-
toms were of long standing (duration greater than 
1 year) in 80% and bothersome (severity score 5 or 
greater) in 50%. The response rate was 35% and so 
the results of this study may reflect significant nonre-
sponder bias [13]. 

There may be genetic influences on the development 
of BPS/IC as first-degree relatives of sufferers have a 
higher prevalence than the general population. It has 
been demonstrated that there is a particularly high pro-
portion in the American Indians of Cherokee descent, 
approximately 17% [14]. BPS/IC is also reported to be 
associated with inflammatory bowel disease, systemic 
lupus erythematosus, irritable bowel syndrome and 
fibromyalgia [15]. 

Penile/perineal pain/penile pain syndrome
Not much is known about the incidence of these con-
ditions. Pain referral to the penis from the pelvic floor 
muscles, base of the bladder and prostate appears not 
to be unusual. Similarly, as part of a picture of pel-
vic muscle hyperalgesia, trigger points within the 
ischiocavernosus and bulbospongiosus muscles may 
be detected and penile pain may arise as a result of 
pudendal neuralgia. Pure and idiopathic penile pain 
appears to be less common.

Risk factors 

Very little information exists as to what may predis-
pose to chronic perineal/pelvic pain in men. 

It is generally accepted that in general a NSE 
does not predispose to chronic perineal/pelvic pain. 
However, such an experience will affect the way that 
a patient views his condition and how he manages it. 
Knowledge of the NSE may also affect in a negative 
way how those trusted with the care of the patient 
respond. There is no doubt that the care provided to 
victims of a NSE will have to be tailored to take the 
event into account. The relevance of this for male 
patients has been reviewed [16]. 

In the case of victims of torture, trauma to the 
perineal region may predispose to chronic pain. 
Very few data have been collected in relation to this. 
Similarly, very few data on the role of psychology 
have been correlated.

It is generally accepted that direct trauma may 
produce long-term damage and pain. Such trauma 
may be due to surgery or an accident or be wilfully 
inflicted. The incidence of chronic pain following sur-
gery may be as high as 10 or 15%. In men, the classic 
nerve compression related to cycling does not appear 
to be as common as compression due to sitting at a 
computer/workstation for long periods.
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Trip et al. [17, 18] have illustrated the importance 
of psychologic factors for the prognosis of men with 
chronic perineal/pelvic pain. Those who catastro-
phize or have poor coping strategies do poorly and 
one may assume are more prone to persistent chronic 
pain. In a recent review of patients with such pain in 
the author’s institution, distress was high, with pain 
being only one cause. Problems with work, relation-
ships, sexual relationships and loss of meaning of life 
appeared to be equally important stressors.

Management of perineal pain

Interventions supported by evidence 
Chronic perineal/pelvic pain in men covers a diverse 
group of poorly understood conditions. In many cases 
the recommendations about treatments will arise 
from drawing parallels with the management of other 
conditions. The evidence presented below will prima-
rily be for the pain syndromes (see above) as other 
well-described conditions have recognized clinical 
approaches for their management. To reach the diagno-
sis of a pain syndrome, organ-specific investigations by 
appropriate specialists (e.g. urologists) will have been 
undertaken to exclude the well-defined pathologies. 

There are several summaries of evidence-based 
treatment for male perineal/pelvic pain and the fol-
lowing will draw upon these [12]. In all probability 
there are significant overlaps in the various perineal/
pelvic pain syndromes and as a consequence, in addi-
tion to review of the evidence for specific treatment 
options in defined pain syndromes, the evidence 
for generic treatments based on putative underlying 
mechanisms is considered.

Drugs
Prostate pain syndrome
As the exact nature of this condition is poorly under-
stood, specific drug treatment options do not exist. 
Drug use is primarily aimed at reducing spasm in the 
bladder outflow system (smooth and/or striated mus-
cles) or the use of analgesics [19, 20]. 

Striated muscle relaxants are thought to be of help 
if there is pelvic floor muscle spasm or the presence 
of pelvic floor muscle trigger points. However, there 
are no prospective trials [21]. 

α Receptors are found in the bladder neck and pros-
tate and α blockers are well recognized as medications 

that improve flow in the presence of lower urinary 
tract obstructive symptoms. Some studies do exist that 
suggest an improvement in the symptoms of patients 
with “NIH III a/b prostatitis” [22–25]. Whether this 
is due to improving outflow performance by blocking 
the α receptors of the bladder neck and prostate is not 
known.

The use of antibiotics remains controversial in 
the prostate pain syndrome (i.e. no proven infec-
tion). However, the current EAU guidelines indicate 
that “because some patients have been observed to 
improve with antimicrobial therapy”[26], “a trial 
treatment with antibiotics is recommended” [21, 24]. 
They go on to say: “Patients responding to antibiot-
ics should be maintained on the medication for 4–6 
weeks or even longer. If relapse occurs after discon-
tinuation, continuous low-dose antimicrobial therapy 
should be reintroduced and sustained if effective” 
[27]. Long-term results with trimethoprim-sulfam-
ethoxazole have remained poor [28–30]. Results of 
therapy with quinolones, including norfloxacin [31], 

ciprofloxacin [32, 33] and ofloxacin [34–36], seem to 
be more encouraging.

Analgesics are often a mainstay treatment but 
few studies on their long-term efficacy have been 
undertaken. Simple analgesics based on paracetamol 
should be considered initially. The use of nonsteroi-
dal anti-inflammatory medications is widespread, 
but their use in the absence of inflammation is debat-
able. Opioids should only be considered if one or 
other of the national guidelines have been followed 
(e.g. British Pain Society guidelines). An intravenous 
opioid drug trial could be considered to help in the 
decision making for the long-term prescription of 
opiods. Neuropathic analgesics may have a role (see 
below).

Several small studies of hormone manipulation 
with the 5- α -reductase inhibitor finasteride support 
the view that it may favorably influence voiding and 
pain in a small percentage of patients [21, 37, 38]. 

Anticholinergics may be beneficial in reducing 
urgency urinary symptoms in some patients [39]. 

Positive effects of phytotherapy and pentosan-
polysulfate (PPS) [40] have been reported, but these 
options need to be explored in prospective studies 
before any recommendations can be made. 

There is little evidence for immune modulation 
using cytokine inhibitors [41, 42]. 
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Scrotal pain syndrome
The research on the use of drugs in the management 
of scrotal pain, and testicular pain in particular, is 
limited [12]. There have been advocates for the use of 
antibiotics but as with the prostate pain syndrome, 
there appears to be no hard evidence for their use in 
the absence of a well-defined infection.

If urinary symptoms are present then, as with the 
prostate pain syndrome, it makes sense to manage 
these (see above). Similarly, the use of NSAID may 
have a role if inflammation is suspected. Otherwise, 
analgesics including opioids and therapies for neuro-
pathic pain (see below) are often considered.

Bladder pain syndrome
A significant amount of research has been under-
taken in this field and this has been summarized on 
a number of occasions [12].  Difficulties persist in 
agreeing diagnostic criteria; however, the following 
drugs have been suggested as being useful when the 
NIDDK classification for interstitial cystitis is used.

Grade A recommendation (clinical studies of good 
quality and consistency including at least one ran-
domized trial): cimetidine, sodium pentosan-
polysulfate (antibiotics, but a limited role and only 
when infection documented).
Grade B recommendations (well-conducted clinical 
studies without randomized trials): hydroxyzine, 
amitriptyline.
Grade C recommendation (absence of directly 
applicable clinical studies of good quality): analge-
sics, corticosteroids, prostaglandins, immunosup-
pressants, oxybutynin, tolterodine, gabapentin 
(prelimary data to date).

Penile pain syndrome
When there is no obvious known cause for penile pain, 
neuropathic pain medications may be considered.

Physical interventions
Prostate pain syndrome
Therapies, such as biofeedback, relaxation exercises, 
lifestyle changes (e.g. diet, discontinuing bike rid-
ing, changing a workstation), acupuncture, massage 
therapy, chiropractic therapy and meditation have all 
been suggested to improve symptoms [19, 21].

It is sometimes difficult to identify which 
component(s) of multidisciplinary therapy are the 
most effective. Hetrick et al. have suggested that 

•

•

•

 biofeedback pelvic floor training, independent of 
other influences, may benefit this group of patients 
[43]. It is the author’s clinical impression that treat-
ment needs to be intensive and personalized and the 
role of the therapist is very important. Much has been 
written about trigger point therapy within the pel-
vis but there are few formal studies [44]. Individual 
patients appear to benefit providing they are managed 
as “a whole” with attention to posture, exercise and 
stretches as well as the trigger point release treatments.

Heat therapy, such as transrectal hyperthermia 
[45–48] and transurethral thermotherapy [49–52], 
have been reported to produce favorable results in 
some patients [20]. These treatment options are 
rarely used.

Scrotal pain syndrome
It has been suggested that there may be a role for sur-
gery if an identifiable lesion can be demonstrated. 
Success rates of 50% or higher have been described 
[53–55]. However, in the absence of such a lesion, the 
role of surgery is debatable and may even be detri-
mental [12]. 

Microsurgical testicular denervation for scrotal 
pain syndrome has been descibed, but case series are 
small [56, 57]. Epididymectomy and orchidectomy are 
probably less successful (though 20% and 60% suc-
cess rates, respectively, have been suggested) [55, 58] 

but are frequently undertaken.
Nerve blocks (L1 dorsal root renal/sympathectomy, 

groin blocks and pudendal/perineal (posterior triangle) 
blocks) may have a role in the management of scrotal 
pain syndrome as well as aiding differential diagnosis. 
However, there are no specific published data. 

Bladder pain syndrome/IC
The following recommendations are the views from 
Fall et al. [12] with comments from Hanno et al.  [59] 
inserted in square brackets when there is a difference 
in the recommendation.

Grade A recommendation (clinical studies of good 
quality and consistency including at least one rand-
omized trial): intravesical pentosanpolysulfate, intra-
vesical dimethyl sulfoxide [Grade B recommendation 
in the Hanno reference], intravesical resinifaratoxin 
(consider as a research tool), transurethal coagulation 
of bladder lesions (e.g. Hunner’s ulcers) if present, 
major surgery (cystectomy, diversionary surgery, 
bladder augmentation) if shrunken scarred bladder.

•
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Grade B recommendations (well-conducted clinical 
studies without randomized trials): electromotive 
drug administration (EMDA) with lidocaine, sacral 
neuromodulation [should be considered investiga-
tional], bladder training/physiotherapy/biofeedback].
Grade C recommendation (sbsence of directly 
applicable clinical studies of good quality): intra-
vesical anesthetics, intravesical heparin, intravesical 
hyaluronic acid, bladder distension, nerve blocks/
epidural, diet, acupuncture.

Hanno et al. stated that cystolysis (denervation of the 
nerves from around the bladder), sympathetic and 
parasympathetic neurolysis are not indicated.

Penile pain syndrome
There is no specific evidence available for physical 
interventions for the management of penile pain with 
no obvious cause. However, if the penis is considered 
as a somatic structure, nerve blocks may have a role 
as in any other somatic structure, especially if there is 
a suggestion of a central process. 

Psychology
Prostate pain syndrome
The role of psychologic intervention in prostate pain 
syndrome has been studied and further research is 
ongoing [17, 18, 60]. 

As might be expected, the severity of urinary symp-
toms is linked to pain. However, psychologic factors 
such as depression, pain-contingent resting and help-
lessness catastrophizing are stronger predictors of 
pain severity. Pain-contingent resting is the strongest 
predictor, with helplessness and catastrophizing also 
being predictive. 

Presenters at a recent Société Internationale d’Urologie 
meeting (Cape Town, 2006) have stated that: “Taken 
together, these data suggest a biopsychosocial interven-
tion in CP/CPPS is warranted and that cognitive/behav-
ioral variables are targets for change because of their 
significant impact CP/CPPS patient adjustment.”

Bladder pain syndrome
The EAU recommendations suggested that little 
research had been undertaken in this area but that 
psychologic tools should be considered. 

Generic treatment options
Because many urogenital pain syndromes are poorly 
understood, generic treatment options may be 

•

•

considered. These will be most effective for neuro-
pathic conditions with or without central sensitiza-
tion and muscle spasm, trigger points or hyperalgesia. 

Neuropathic pain therapy
Chong & Hester [61] have summarized the current 
knowledge in relation to the role of neuropathic anal-
gesics in urogenital pain.

Tricyclic and tetracyclic antidepressant drugs 
may have a role if the clinical presentation suggests 
pain of neuropathic origin. The best evidence is for 
amitriptyline. SSRIs and SNRIs may have a role. The 
best evidence in neuropathic pain is for venlafax-
ine (but this has cardiac side effects) and duloxetine 
(which may also reduce stress incontinence).

Antiepileptic drugs have become very popular and 
several studies have suggested that gabapentin and 
pregabalin may have a role in urogenital pain. Other 
antiepileptics may be considered.

Opioids should be considered providing appropri-
ate precautions are undertaken – see above.

Differential nerve blocks
Very little has been published on the therapeutic role 
of differential nerve blocks in urogenital pain [62]. 
However, it is clear that they may have a diagnostic 
role [63] as well as a possible therapeutic role. The evi-
dence for a therapeutic role is often indirect and draws 
upon the evidence from pain perceived at other sites. 

A comprehensive understanding of the anatomy is 
essential to be able to diagnose specific nerve involve-
ment and access the nerves in a safe manner. The sym-
pathetic, parasympathetic and somatic nerves can be 
blocked separately. Using appropriate imaging and 
neurotracing techniques allows nerves to be identified 
sequentially. For instance, in the region of the piri-
formis, the sciatic nerve, posterior femoral cutaneous 
nerve and its perineal nerve, inferior gluteal nerve, the 
nerve to obturator internus and the  pudendal nerve 
can be separated out. A lot of attention has been paid 
to blocking these posterior nerves recently as well as the 
anterior nerves such as the ilio-inguinal, iliohypogastric 
and genitofemoral nerves. In our clinic, we now have to 
assess many more patients with nerve compression in 
the groin, buttock region and perineum than was done 
a few years ago. Some patients do gain long-term ben-
efit from injections occasionally combined with pulsed 
radiofrequency neuromodulation while others are 
referred on for peripheral nerve surgery.
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Trigger point treatments
There is no doubt that the muscles of the pelvis can 
develop trigger points similar to striated muscles at 
other sites with referred pain. The conditions seen may 
manifest as one or two trigger points with referred pain 

or as a more complex regional condition with central 
changes resulting in widespread muscle hyperalgesia 
and visceral dysfunction. 

As with any other trigger point pathology, the 
patient needs to be considered as a whole. In particular, 

Box 14.1 Treatment options

Condition Intervention

Interventions supported by 
evidence 

Prostate pain syndrome α Blockers
NSAIDs
Biofeedback and muscle-based therapies

Bladder pain syndrome Hydroxyzine
Amitriptyline
PPS oral/intravesicular
Intravesicular dimethyl sulfoxide
Intravesicular vallinoids (contradictory results and side effects result in this treatment 

not having a high recommendation)
Transurethral resection of Hunner’s lesion
Psychology

Muscle hyperalgesia Relaxation�/�biofeedback�/�physical therapy (mainly male pelvic pain)
Multidisciplinary pain management (for well-being/quality of life)

Commonly used interventions 
currently unproven

Prostate pain syndrome Muscle relaxants
Antimicrobial therapy (in certain cases where response to trial occurs, quinolones 

probably best)
Opioids (as part of multimodal therapy for treatment-refractory pain in collaboration with 

pain clinics)
5-α-Reductase inhibitors (if benign prostatic hyperplasia is present)

Bladder pain syndrome Analgesics
Intravesicular hyaluronic acid
Intravesicular chondroitin sulfate
Nerve blockade
Bladder training
Physiotherapy
Acupuncture
Bladder resection and other surgery (for small-volume bladders, recurrent infection, reflux)

Peripheral neuralgia in 
pelvic pain

Nerve blocks
Tricyclic antidepressants
Anticonvulsants

General treatments Paracetamol
NSAIDs 
Tricyclic antidepressants
Anticonvulsants

Interventions refuted by 
evidence

Prostate pain syndrome
Bladder pain syndrome

Antimicrobial therapy (in certain cases where no response to trial occurs)
Bladder distension
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the core muscles external to the pelvis may need 
addressing, e.g., paraspinal, gluteal and anterior 
abdominal wall muscles. The adductors and iliopsoas 
also need to be assessed and managed. Within the pel-
vis muscles such as coccygeus, iliococcygeus and pub-
ococcygeus/rectalis may have trigger points, as may 
the piriformis and obturator internus muscles which 
span from the pelvis to the hip. The ischiocavernosus 
and bulbocavernosus may also be involved.

All these muscles can be reached for injection with 
appropriate imaging. Once more, the research in this 
field is minimal. However, evidence from other areas 
suggests that injecting, particularly if combined with 
postural work, stretching and pacing, may benefit 
these patients. We have a number of patients in whom 
botulinium toxin injections into some of these deeper 
pelvic muscles under CT guidance has given a signifi-
cant response where other treatments have failed.

Author’s recommendations

It is important that “well-defined” pathologies are 
identified and treated appropriately. With this in 
mind, the patient may be referred to a specialty cli-
nician (e.g. urologist, gynecologist, urogynecologist). 
The symptoms and signs will usually define which is 
the most appropriate specialty and in some cases sev-
eral specialties may be involved. Once “well-defined” 
pathologies, such as tumors and infections, have been 
excluded, these complex pain syndrome patients will 
require management in a multidisciplinary environ-
ment with the involvement of pain management 
physicians/ psychologists and physiotherapists. Close 
links will need to be maintained with the specialty 
clinicians (for specialty functional symptomatic treat-
ments) and the family doctor. 

In certain conditions the roles of functional/sympto-
matic treatments are fairly well defined, such as in the 
bladder pain syndromes. In others there is very little 
information. The priority has to be to obtain a balance 
between risk and proven benefit. In many cases there 
is little evidence for surgery; indications for surgery 
include severe incontinence, prolapse and recurrent 
proven infections. Nonsurgical interventions should be 
employed initially, including evaluation by an experi-
enced urogenital pain management psychologist.

The pain management physician/anesthetist may 
use the tools of medications and injections as for any 

other chronic pain condition. For injection treat-
ments, the pain management physician/anesthetist 
should be very familiar with the anatomy and the 
range of tools available to identify the targets appro-
priately. Experience with neurotracing and CT imag-
ing is essential. In the future, ultrasound may also 
become important. Neuromodulation appears to have 
a role. However, the technique chosen usually depends 
upon the specialist performing the technique. We aim 
to provide both sacral root and retrograde spinal cord 
stimulation depending on the symptoms, with a trial 
of both if appropriate. Further research in relation to 
neuromodulation needs to be undertaken and until 
then both options should be available. Peripheral 
nerve (groin nerves and pudendal) neuromodulation 
is at an even earlier stage.

No patient with urogenital pain should be managed 
unless there is access to an experienced urogenital pain 
management clinical psychologist. However, such psy-
chologists are a rare breed. 

More centers of urogenital pain medicine with 
involvement of pain management physicians/anes-
thetists, psychologists and physiotherapists need to 
be set up with the aim of managing these complex 
patients within a multidisciplinary environment 
closely linked to specialty services.
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Sources of abdominal pain

Pain localized to the abdomen can have multiple 
 etiologies, a subset of which have their sites of origin in 
viscera within or immediately adjacent to the peritoneal 
cavity such as the gastrointestinal tract, hepatobiliary 
structures/pancreas, urologic structures, and reproduc-
tive organs. Etiologies include focal processes second-
ary to infection, cancer, other sources of inflammation 
or obstruction, idiopathic systemic diseases, and func-
tional alterations. The substrates of sensory processing 
from these viscera are diffusely organized so that sensa-
tions from these structures can be perceived as similarly 
diffuse and may be localized to general body regions or 
be perceived as located within nonvisceral structures. 
Organ-specific localization may require technologic 
extensions of the physical exam (e.g. endoscopy) that 
allow for direct stimulation or examination of abdomi-
nal organs. Often diagnoses are descriptive in nature 
with only indirect evidence for an organ’s involvement 
due to an association of the pain with a bodily function 
such as swallowing, micturition or defecation. 

Evaluation of abdominal symptoms

Abdominal pain is a common presenting symptom in 
emergency rooms and primary care clinics. When cou-
pled with chest symptoms, it is the number 1 cited rea-
son for patients seeking urgent care evaluations. Initial 

approaches include a basic history and physical exam 
that assesses the acute versus chronic nature of the 
complaints, exacerbating and ameliorating factors, and 
definition of co-existing disease. A key consideration 
is potential signs and symptoms associated with neo-
plastic and infectious processes (e.g. weight loss, fevers, 
night sweats, and chills) since a failure to initiate timely 
therapy can have significant consequences related to the 
progression of life-threatening disease processes. The 
use of medications which alter bowel motility or blad-
der function, even when prescribed for other uses (e.g. 
antidepressants), must be considered. Palpation and 
auscultation of the abdomen can identify abdominal 
wall rigidity or localized tenderness suggesting a peri-
toneal process or an underlying mass suggestive of a 
neoplastic, infectious or obstructive process. Rectal and 
pelvic exams may give additional information related 
to local pathology. Neurologic examination may dem-
onstrate evidence of nerve entrapment, neuropathy or 
localized radiculopathy. Testing for fecal blood, urinaly-
sis, blood cell count with white cell differential, serum 
amylase/lipase levels, electrolytes and liver function tests 
all are considered routine. Radiographic evaluations, 
endoscopic evaluations, ultrasonography, and other 
advanced imaging or tissue/fluid sampling studies have 
become routine, but should ideally be dependent upon 
the persistence or progression of complaints. 

Visceral pain arising from cancer

Pathophysiology
The diagnosis of cancer should be considered when 
evaluating presumably “chronic” disorders. This topic 
is the subject of an entire chapter in this text, so only 
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brief mention will be given here, but cancer-related 
pain is illustrative of all other visceral pains. 

Neoplasms can arise in all visceral structures and 
dull constant pain is often an early symptom. Some 
neoplasms occur more commonly in the presence of 
recurrent inflammatory processes such as chronic pan-
creatitis and ulcerative colitis, so establishment of a 
“benign” diagnosis does not preclude development of 
a malignant process [1]. Pain can be induced by stim-
ulation of abdominal viscera in three ways: chemical 
stimulation that occurs secondary to local inflammatory 
or tissue-damaging processes; chemical stimulation 
that occurs secondary to ischemia; or high-intensity 
mechanical stimulation that is secondary to compres-
sive/obstructive processes (which may be modified by 
inflammation or ischemia). Cancer can obviously be 
the etiology of all three of these types of stimuli. It can 
infiltrate a primary viscus or extend into a neighboring 
organ. It can cause bowel obstruction with secondary 
distension. There can be liver metastases that produce 
capsular or diaphragmatic irritation, portal vascular 
distension, ascites, and obstruction of the biliary tree. 
There can be ischemia and necrosis of viscera due to 
mesenteric vessel involvement. Extension of the dis-
ease process into retroperitoneal, parietal peritoneal, 
abdominal wall or bony structures can produce non-
visceral pain that is equal to or greater than that due to 
the visceral process. In addition, neuropathic pain can 
result from lumbosacral plexus invasion or spinal cord 
compression. Sequelae of antineoplastic treatments 
can outlive the primary process in the form of post-
operative pain syndromes, stent-related complications, 
and chemotherapy- or radiation therapy-induced 
neuropathies. Cancer serves as an “all-of-the-above” 
answer for possible pain mechanisms and so requires 
due consideration.

Evaluation and treatment
Cancer involving the upper gastrointestinal tract and 
organs located in the upper abdomen generally pro-
duces chest or upper abdominal symptoms. Lower 
gastrointestinal tract lesions and pelvic organ cancers 
generally result in symptoms localized to the lower 
abdomen, pelvis or perineum. Unfortunately, due to 
the potential presence of metastatic extension prior 
to diagnosis, no symptomatology or location is pathog-
nomonic for any specific disease site. Visceral cancers 
may be asymptomatic until obstruction or invasion of 

other structures occurs. Anorexia, weight loss, fatigue, 
nausea and other nonspecific symptoms are common. 
Further investigation is prompted by the presence of 
anemia, hematemesis, melena, hematuria, and palpa-
ble masses on physical exam. Referral to an oncologist 
for a definitive diagnostic work-up and possible sur-
gical exploration/biopsy is always appropriate though 
initial diagnostic imaging may need to be performed 
so that referral can be facilitated.

Treatment of the cancer (surgery, chemotherapy, 
radiotherapy) is considered the primary treatment for 
pain whether it is curative or palliative. Temporizing 
medical treatments are the first line of palliative therapy 
with the aggressive use of opioids, anti- inflammatories, 
antiemetics, antispasmodics, stimulants, and other 
indicated adjuvants. Neurolytic procedures including 
 cordotomy are considered options in some cases with 
the particular site of treatment determined by the site 
of the cancer. Further discussion related to the evalu-
ation and treatment of cancer pain will be deferred to 
the chapter on that topic.

Visceral pain arising from 
the gastrointestinal tract

General issues
An early distinction that must be determined when 
evaluating pain arising in the gastrointestinal (GI) 
tract is whether the suspected pathophysiology is 
potentially tissue and/or life threatening or whether it 
represents a condition in which quality of life is the 
main endpoint of therapy. Infectious, inflammatory, 
and ischemic processes may require urgent treatment, 
whereas other disorders with lesser potential for glo-
bal physiologic disruption may be evaluated and 
treated at a slower pace. 

Chronic mesenteric ischemia – ischemic 
colitis 

Pathophysiology/epidemiology
Mesenteric ischemia, when recognized, prompts 
immediate treatment in a way similar to the treat-
ment of cardiac angina with focused attempts to either 
reduce the metabolic demand or to improve blood and 
oxygen delivery. Acute mesenteric ischemia is not com-
mon but due to the severity of consequences, accounts 
for 0.1% of hospital admissions [2]. Severe abdominal 
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pain may be precipitated by the ingestion of a meal 
which increases the metabolic demands on the GI tract. 
As a consequence, weight loss and poor nutritional sta-
tus due to a fear of eating may compromise patients 
already in ill health due to vascular disease. End-stage 
phenomena associated with mesenteric ischemia 
include necrosis of the gut wall with subsequent perfo-
ration and peritonitis. A compromised mucosal barrier 
can also result in the release of gram-negative bacterial 
endotoxin, leading to systemic manifestations. 

Evaluation and treatment
Abdominal bruits, poor peripheral pulses, and arterio-
graphic evidence of stenosis or occlusion in the three 
main mesenteric arteries are all consistent with the 
diagnosis of abdominal angina. Embolic events, arte-
rial thrombosis, venous occlusion, and low flow states 
due to poor cardiac output all produce similar results. 
Approximately half of the cases of morbidity due to 
mesenteric vascular disease present as ischemic colitis 
which is usually diagnosed by colonoscopy. It is nota-
ble that approximately 20% of patients with ischemic 
colitis develop evidence of peritonitis requiring surgical 
treatment. These patients may present with persistent 
diarrhea, rectal bleeding or weight loss. The gold stand-
ard for the diagnostic work-up of mesenteric ischemia is 
angiography, which has both a sensitivity and specificity 
close to 100% [3]. However, less invasive methods such 
as magnetic resonance angiography (MRA) and com-
puted tomography (CT) also have diagnostic value [2].

Treatments for mesenteric vasculopathy are highly 
dependent upon whether the patient has peritoneal 
signs. When such signs are present, a patient must 
undergo an exploratory laparotomy. In this setting, 
potential treatment options are surgical in nature and 
include resection of necrotic and perforated bowel with 
thromboembolectomy, patch angioplasty, endarterec-
tomy, and bypass procedures, depending on the indi-
vidual vascular anatomy and the cause of the occlusion 
(i.e. embolus or thrombus). “Second-look” surgeries 
may also be necessary [3]. Percutaneous transluminal 
angioplasty has been successful in one case report of a 
patient with a thrombosis of the superior mesenteric 
artery [4], but this approach is generally not advocated 
given the significant risk of rethrombosis [2]. 

In patients without suspected peritonitis, throm-
bolytics such as tissue plasminogen activator (t-PA), 
 urokinase, and streptokinase have been used  successfully 

in some patients [2] but to date, there are no studies 
which compare these agents to each other or other ther-
apies. The use of vasodilators has been supported by 
both animal and human studies [2]. However, these are 
rarely used as monotherapy, unless a patient is felt to be 
a poor surgical candidate. Clinically, Boley et al. dem-
onstrated a decreased mortality rate of 54% (compared 
to a traditional 70–80%) when utilizing early angiog-
raphy and papaverine in the management of patients 
with suspected acute mesenteric ischemia [5]. This has 
led to the frequent perioperative use of papaverine to 
reduce splanchnic vasoconstriction; however, there are 
no  randomized controlled trials to support its efficacy. 
Finally, animal studies suggest the potential role of 
angiotensin-converting enzyme (ACE) inhibitors, gas-
tric inhibitory peptide, iloprost (a synthetic derivative 
of prostacyclin), and similar compounds to increase 
mesenteric flow, but these await full translation [2]. 

Inflammatory bowel disease

Pathophysiology/epidemiology
Inflammatory bowel disease (IBD) consists of two 
recurrent gastrointestinal inflammatory disorders 
(ulcerative colitis (UC) and Crohn’s disease (CD)) 
which have many similarities in symptomatology and 
histopathology. Where they differ is in the extent of 
the disease process, incidence of relapse, and associ-
ated complications such as fistula formation. In UC, 
the gastrointestinal component of the disease proc-
ess is restricted to the colon, whereas in CD, there can 
be involvement in any portion of the gastrointestinal 
tract. These are highly disruptive disorders that can 
become emergently severe due to local spread of infec-
tion and alterations in nutrient, fluid, and electrolyte 
levels. Based on epidemiologic data, it is suspected 
that IBD has some genetic basis to its etiology. It is 3–6 
times more common in Jews than non-Jews and more 
common in whites than blacks or Asians. UC is 3–5 
times more common than CD, but has less impact on 
the healthcare system since recurrent exacerbations are 
less frequent and severe. 

Evaluation and treatment
The diagnosis of inflammatory bowel disease is based 
on biopsy, colonoscopic/endoscopic appearance, and/
or surgical evaluation prompted by abdominal pain, 
fever, and altered bowel habits (e.g. bloody diarrhea). 
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Radiation enteritis or local infection by organisms such 
as shigella, salmonella, amoebiasis or Clostridium dif-
ficile excludes the diagnosis. The formation of fistulas, 
abscesses, strictures, perforation and toxic dilation can 
all occur as local complications of IBD. All are more 
common in CD than UC. IBD may also be associated 
with arthritis, skin changes and evidence of liver disease. 

Treatment of IBD is a rapidly evolving field, with 
many new agents under investigation [6], and a full 
discussion of such treatments is beyond the scope of 
this chapter. In general, UC can be “cured” by colec-
tomy since by definition, one cannot have colitis 
without a colon. However, CD is a life-long illness 
with the goals of therapy generally revolving around 
symptom relief. The mainstays of pharmacologic 
therapy include corticosteroids, aminosalicylates, 
and immune modulators such as the thiopurines [7]. 

A brief summary of options for pain relief and levels 
of evidence (Table 15.1) is outlined in Box 15.1. 

One pharmacologic approach which has been 
recently debated in the literature includes the use 
of tumor necrosis factor-α (TNF-α) inhibitors [9]. 
Infliximab is one of the most well-studied agents in 
this class and has been proven effective for induction 
and maintenance therapies by multiple clinical tri-
als and a recent Cochrane review [10]. In one study, 
a clinical response was observed at 4 weeks in 65% 
of patients with CD who received a single dose of 
infliximab (5 mg/kg, 10 mg/kg or 20 mg/kg), com-
pared with 17% of patients who received placebo 
[11]. In the ACCENT I study (A Crohn’s Disease 
Clinical Trial Evaluating Infliximab in a New Long 
Term Treatment Regimen), patients who received 
maintenance therapy with infliximab had higher 
rates of remission at 30 weeks than those patients 
treated with placebo [12]. Additional studies, includ-
ing ACCENT II, have also found infliximab effec-
tive in treating draining fistulas in CD as compared 
to placebo, with a complete resolution in 36% of 
patients at 54 weeks versus 19% of control patients 
[13]. With regard to UC, two large trials, referred to 
as ACT (Active Ulcerative Colitis) I and II, evaluated 
the effects of infliximab. In ACT I, patients refractory 
to steroids and immune modulators were treated 
with infliximab at a dose of 5 mg/kg or 10 mg/kg 
versus placebo. Patients treated with infliximab had 

Box 15.1 Pain treatment options: 
inflammatory bowel disease (and 
associated arthropathies) [8–15]

Treatments with Grade B evidence
Immunosuppressants (azothioprine, corticosteroids – 

Level II)
Salicylates (sulfasalazine, olsalazine – Level II and III)
COX-2 inhibitors (Level III)
TNF-α blockade (infliximab but not etanercept – 

Level II) [14]
Granulocyte macrophage-colony stimulating factor 

(Level II)
Probiotics (Level III)
Oral antibiotics (rifaximin, metronidazole “-azines” 

(Level II and III)

Treatments with Grade C evidence 
Enema/suppositories (mesalazine, nicotine – Level III)
Opioids (Level IV)

Table 15.1 Levels of evidence

Level Type of evidence

I Evidence obtained from meta-analysis of multiple, 
well-designed, controlled studies. Randomized 
trials with low false-positive and false-negative 
errors (high power).

II Evidence obtained from at least one well-
designed, experimental study. Randomized trials 
with high false-positive or false-negative errors 
(low power).

III Evidence obtained from well-designed, quasi-
experimental studies such as nonrandomized, 
controlled single-group, pre/post, cohort, and time 
or matched case–control series.

IV Evidence from well-designed, nonexperimental 
studies such as comparative and correlational 
descriptive and case studies.

V Evidence from case reports and clinical examples.

Grade
A There is evidence of type I or consistent findings 

from multiple studies of type II, III or IV

B There is evidence of type II, III or IV and findings 
are generally consistent

C There is evidence of type II, III or IV and findings 
are inconsistent

D There is little or no systematic empiric evidence
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response rates of around 50% versus 30% in the 
 placebo group. ACT II, which also included patients 
refractory to 5-amino-salicylic acid, reported remis-
sion rates of 26% and 36% in patients treated with 
infliximab 5 mg/kg or 10 mg/kg, respectively, as com-
pared to remission rates of 11% in patients treated 
with a placebo [14].

Despite the promising results of infliximab, some 
of the other TNF-α blockers have not been as effi-
cacious. One study treated 43 patients with CD with 
either etanercept 25 mg or placebo and found no dif-
ference in response or remission rates at weeks 2, 4 or 
8 [15]. Potential limitations of the TNF-α antagonists 
include infections, infusion reactions, autoimmune 
phenomenon, and immunogenicity [7].

Diverticular disease

Pathophysiology/epidemiology
Diverticuli, sacs or pouch openings off the main 
lumen of the gut, occur most commonly in the colon 
but can also occur at any other GI tract site. They 
typically arise at the site of penetrating blood ves-
sels which represent “weak” sites in the colon wall. 
Colonic diverticuli are generally pain free but severe 
abdominal pain and infection may result if their 
mouth (opening to the lumen) becomes inflamed 
and/or obstructed. The disorder is then termed diver-
ticulitis and is associated with pain, altered bowel 
habits, abscess formation, obstruction, colonic dis-
tension, and bleeding. In the absence of infection or 
inflammatory changes, diverticuli may present with 
recurrent, episodic left lower quadrant colicky pain 
and the disorder is termed diverticulosis. 

Evaluation/treatment
Diverticuli are identified on colonoscopy or via 
radiographic imaging of the colon. If diverticulitis is 
present, then evidence of infection coupled with phys-
ical exam or radiographic findings of a mass adjacent 
to the colon forms the diagnosis [16]. Investigative 
studies that identify diverticuli are often prompted 
by GI bleeding since colonic diverticuli are the most 
common source of lower gastrointestinal tract bleed-
ing. Treatment of diverticulitis may be medical with 
antibiotics or surgical with resection and drainage. 
Roughly 1% of all patients with colonic diverticula 
require surgical management. An estimated 15–30% 

of patients requiring hospital admission are treated 
surgically. Follow-up studies of postoperative patients 
reveal that between 2% and 10% will continue to have 
major symptoms that they find troublesome, and up 
to 25% of patients will have minor symptoms [16,17]. 

Therefore, even though segmental colonic resection 
may be required for some patients to control bleed-
ing, consensus panels have been unable to definitively 
recommend surgery for pain control [18]. 

Preventive treatments for diverticular disease have 
revolved around fiber and other dietary modifica-
tions. Food items such as seeds or corn are discour-
aged due to the potential for blocking of the mouths 
of existent diverticuli, but fiber is encouraged because 
high colonic bulk content decreases the intracolonic 
pressure that leads to the development of the diver-
ticuli [17]. The prophylactic use of antibiotics can 
also prevent complications from diverticular disease 
[19–21]. In a study of 307 patients, rifaximin with fiber 
supplementation was found to be more effective than 
fiber supplementation alone in reducing symptoms of 
uncomplicated diverticular disease [19]. Another study 
compared different doses of both mesalazine and 
rifaximin and found mesalazine 800 mg twice a day 
for 10 days out of the month to be the most effective at 
reducing symptoms [20]. 

Irritable bowel syndrome (functional 
bowel disorders)

Pathophysiology/epidemiology
Irritable bowel syndrome (IBS) is one of several 
 functional bowel disorders, including noncardiac 
chest pain, functional dyspepsia, epigastric pain syn-
drome, postprandial distress syndrome and chronic 
proctalgia, which represent diagnoses of exclusion 
that are based on symptomatology [22]. IBS has been 
demonstrated to be associated with abnormalities of 
motility and/or sensation in different subpopulations. 
The diagnosis of IBS is given to 40–70% of referrals 
to gastroenterologists. 

IBS typically presents in the third or fourth 
 decades of life and has a female to male ratio of 2:1. 
In general populations, up to 20% of women and 
10% of men experience symptomatology consistent 
with IBS, but most people with these symptoms do 
not seek medical care. Of those who do seek care, 
50–60% have significant symptomatology consistent 
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with depression and/or an anxiety disorder [23, 24]. 
IBS symptomatology is present in many cultures, 
with similar prevalences noted in Britain, China, 
India, Japan, New Zealand, the United States and 
South America. Other disorders without identifi-
able histopathology such as fibromyalgia and mixed 
headaches are common co-morbidities [24]. 

There exist many diverse hypotheses related to the 
etiology of IBS, ranging from the purely psychosocial 
to neuropathic processes producing visceral hyper-
sensitivity (the equivalent of somatic hyperalgesia/
allodynia). Peripheral sensitizing substances such 
as cytokines released by mast cells have been hypoth-
esized as mechanistic agents of hypersensitivity [25]. 

Evaluation and treatment
The diagnosis of IBS requires the positive findings 
of disturbed bowel habits and a history of pain/dis-
comfort coupled with negative findings for neoplas-
tic, infectious or inflammatory causes. It is defined 
by the Rome criteria, now in their third form [26], as 
3 months of continuous or recurrent symptoms of 
abdominal pain or discomfort associated with two of 
the following: an improvement with defecation and/
or a change in stool consistency (appearance) and/or 
a change in stool frequency. At least three different 
clinical presentations are given the diagnosis of IBS, 
two of which have pain/discomfort as a minor com-
ponent (watery diarrhea group and alternating con-
stipation/diarrhea group respectively). There is a third 
subgroup of IBS patients who have abdominal pain 
as their primary symptom and altered bowel move-
ments as a secondary or exacerbating complaint. In 
this group, pain is typically in the left lower quadrant 
or in the suprapubic region and may be precipitated 
by food ingestion and a need to defecate. Bloating, 
mucus in the stools and flatulence are often promi-
nent, and anxiety may exacerbate these symptoms. 
Although there is great variation between patients, 
the particular symptom complex for a given patient 
generally remains constant. Generalized abdominal 
tenderness to palpation is common. The classic phys-
ical finding is a tender, palpable sigmoid colon in the 
left lower quadrant. 

As a diagnosis of exclusion, imaging and laboratory 
findings should be negative for neoplasm, inflam-
matory bowel disease, infection, diverticulosis or 
other intra-abdominal processes. Colonoscopy and/

or  barium enema radiography should be negative 
for any focal lesions. Stool samples should not have 
occult blood or infectious agents present. It is gener-
ally agreed that the colons of most patients with IBS 
are exceptionally reactive to physiologic stimuli such 
as eating [27]. Unfortunately, this finding is only sup-
portive evidence for the diagnosis. Motility studies 
and sensation evocation with a distending balloon in 
the rectum or sigmoid colon may prove valuable in 
the stratification of patients into different subgroups. 

Irritable bowel syndrome has frequent exacerba-
tions and may have spontaneous resolution. As a 
consequence, open trials are of limited value due to 
high placebo rates. Interventional treatments are not 
a major component of therapy because, by definition 
of the disease, there is no structural pathology to treat. 
Life-threatening pathology can be ruled out without an 
exhaustive investigation. However, the patient needs to 
be assured that their symptoms are believed. There are 
no universally accepted treatments for IBS [26-28] but 
some therapeutic options are listed in Box 15.2. Due 
to the typically stable nature of a patient’s symptom 
complex, once significant pathology has been ruled 
out, additional or repeat investigation is not necessary 
unless the symptom complex changes. 

Box 15.2 Pain treatment options: 
irritable bowel syndrome [28–35]
Treatments with Grade B evidence
Dietary modification (Level III)

Food avoidance (caffeine, milk products, legumes)
Addition of fiber/bran/bulking agents

Behavioral therapies (Level II–IV)
Antidepressants (SSRIs – Level II, tricyclics – 

Level II and III)
5HT-3 antagonists (diarrhea predominant; safety 

issues – Level I subset)
5HT-4 agonists (constipation predominant; safety 

issues – Level I subset)
Probiotics/antibiotics (Level II and III)
Acupuncture (Level III)
TENS (Level III)

Treatments with Grade C evidence
Anticholinergics/antispasmodics (Level II–IV dependent 

on drug)
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Drugs acting via serotonin receptors as either 5HT-3
antagonists (alosetron) or 5HT-4 agonists (tegase-
rod) have been utilized in clinical practice for certain 
subgroups of patients. In large, randomized, double-
blind, placebo-controlled trials involving patients 
with diarrhea-predominant IBS, alosetron decreased 
stool frequency and bowel urgency, relieved abdomi-
nal pain and discomfort, and improved health-related 
quality of life measures [27]. Tegaserod has been 
shown in randomized clinical trials to be moder-
ately effective for the global relief of symptoms in 
patients with IBS. In an analysis of eight randomized 
trials, patients assigned to tegaserod were 20% more 
likely than those assigned to placebo to have a global 
relief of their symptoms, with a number needed to 
treat of 17 to achieve a clinically significant benefit. 
However, marketing of tegaserod was suspended in 
March 2007, when analysis of the data from clinical 
trials  identified a significant increase in the number 
of cardiovascular ischemic events (myocardial inf-
arction, stroke, and unstable angina) in patients 
taking the drug (13 events in 11, 614 patients) as 
compared with those receiving placebo (one event 
in 7031 patients), but all these events occurred in 
patients with known cardiovascular disease, cardio-
vascular risk factors or both [29]. In July 2007, the 
Food and Drug Administration (FDA) approved an 
investigational new-drug program for tegaserod with 
access restricted to women younger than 55 years of 
age who have constipation-predominant IBS without 
known cardiovascular problems [27]. 

Cognitive behavioral therapy (CBT) (a combina-
tion of cognitive and behavioral techniques) is the best 
studied psychologic treatment for IBS [30]. Cognitive 

techniques are aimed at changing catastrophic or 
maladaptive thinking patterns underlying the percep-
tion of somatic symptoms [31]. Behavioral techniques 

aim to modify dysfunctional behaviors through relaxa-
tion techniques, contingency management (rewarding 
healthy behaviors) or assertion training. Some rand-
omized controlled trials have also shown reductions 
in IBS symptoms with the use of gut-directed hypno-
sis (aimed at improving gut function), which involves 
relaxation, changes in beliefs, and self- management 
[30–32]. Data from head-to-head comparisons of psy-
chotherapy with pharmacotherapy for IBS are lack-
ing. The magnitude of improvement that has been 
reported with psychologic treatments seems to be 

similar to or greater than that reported with medica-
tions studied specifically for bowel symptoms in IBS, 
although comparisons are limited by, among other 
things, the lack of a true placebo control in trials of 

psychotherapies. In a meta-analysis of 17 randomized 

trials of cognitive treatments, behavioral treatments 
or both for IBS (including hypnosis), as compared 
with control treatments (including waiting list, symp-
tom monitoring, and usual medical treatment), those 
patients who were randomly assigned to CBT were 

significantly more likely to have a reduction in gas-
trointestinal symptoms of at least 50% (OR 12; 95% 
CI 6–260), and the estimated number needed to treat 
with CBT or hypnotherapy for one patient to have 

improvement was estimated to be two [30]. 

Proctalgia fugax 

Pathophysiology/treatment
Defined as episodic spasms of pain localized to the 
rectum and anus occurring at irregular intervals 
and without an identifiable cause, proctalgia fugax 
is highly prevalent, occurring in 14–19% of healthy 
subjects [36]. Episodes are normally brief (seconds to 
minutes) and infrequent (usually �6/year). Proctalgia 
fugax is not the same as chronic proctalgia, which is 
pain that is more continuous in nature and typically of 
lower intensity. Spasms of the sigmoid colon, levator 
ani, and/or pelvic floor musculature have been postu-
lated as sources of the pain. Local anorectal pathology 
(fissures, abscesses) needs to be ruled out as alternative 
treatable sources of pain and spasm. Various activities 
may precipitate episodes such as bowel movements, 
sexual activity, stress, and temperature changes. As a 
consequence, avoidance behaviors may occur, with 
obvious consequences for quality of life. 

No etiology or method of treating/preventing 
proctalgia fugax has been universally accepted. The 
brief nature of most episodes makes most reac-
tive pharmacologic treatments inadequate since the 
episode resolves spontaneously prior to the onset 
of treatment effects. Inhaled salbutamol, clonidine, 
nitroglycerine, antispasmodics, botulinum A toxin, 
and calcium channel blockers have all been reported 
as effective in either reactive or preventive fashions, 
but none in controlled trials. Heat or pressure applied 
to the perineum, food/drink  consumption, dilation 
of the anal  sphincter, assumption of a knee-to-chest 
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position, and assumption of other postures have also 
been anecdotally reported as beneficial. 

Visceral pain arising from the 
hepatobiliary system and pancreas

Chronic pancreatitis

Pathophysiology/epidemiology
The symptoms of pancreatitis can be associated with 
pancreatic cell death and/or with ductal fibrosis and cal-
cification and are generally grouped into acute (isolated 
episodes with serum amylase and lipase elevations) and 
chronic (identical symptoms that may lack measur-
able laboratory abnormalities) forms [37–39]. Whereas 
acute pancreatitis generally resolves without perma-
nent structural abnormalities, most forms of chronic 
pancreatitis are associated with permanent abnormali-
ties. Acute-on-chronic episodes may occur in a patient 
with known chronic changes that become coupled to 
an acute necrotic episode. Alcohol abuse is the primary 
etiology in 70–80% of cases of chronic pancreatitis in 
nontropical regions. Only 5–10% of heavy  drinkers 
develop symptomatic chronic pancreatitis, imply-
ing that other etiologic factors (e.g. genetic, infectious, 
nutritional) also contribute to its development. Other 
potential causes include a pancreas divisum, genetic 
causes (hereditary type), previous trauma, previous 
obstructive episodes, hyperparathyroidism, hyper-
lipidemia, and α1-antitrypsin deficiency. Like many 
chronic pain disorders, the magnitude of identifiable 
pathology does not correlate with reports of pain.

Experimentally, chronic pancreatitis may be 
induced in animals by the administration of toxins, 
but attempts to form epidemiologic links in humans 
to specific toxins, other than alcohol and cigarette 
smoking [38], have not been successful. However, diets 
with too much or too little fat and/or protein have 
also been implicated. In fact, it has been proposed 
that increases in oxidative stress underlie the patho-
physiology of chronic pancreatitis. In this scenario, 
there would exist periodic bursts of free radical for-
mation producing subsequent injury. A co- morbidity 
of chronic pancreatitis is cirrhosis of the liver which 
complements the “cirrhosis” of the pancreas. 

Pancreatic fluids have been noted to have altered pro-
tein content and to form “sludge” or intraductal “plugs” 
that calcify into stones with secondary inflammatory 

and fibrotic reactions. A common consequence of stone 
formation/fibrosis is intraductal hypertension, which 
may contribute to the continuous pain that develops in 
some chronic pancreatitis patients. Unfortunately, relief 
of ductal obstruction does not invariably result in pain 
relief. 

Evaluation/treatment
The pain of chronic pancreatitis is pain that is  typically 
described as deep, boring and epigastric in location 
with radiation through to the back. The pain may be 
episodic in nature but may advance until it is continu-
ous. Exacerbations of pain may be produced by eat-
ing, particularly fatty foods. Sitting upright or leaning 
forward may decrease the pain. It is normally coupled 
with nausea and vomiting, so dehydration and malnu-
trition may be the formal indications for medical inter-
vention. It may be possible to palpate an inflammatory 
mass on physical exam, but abdominal guarding usu-
ally precludes such findings. Subjects with alcoholic 
chronic pancreatitis often have  stigmata associated 
with extensive alcohol use and associated liver failure. 

In advanced disease, laboratory tests of pancreatic 
insufficiency (e.g. steatorrhea) or islet cell loss (e.g. glu-
cose intolerance) may manifest. Elevated serum amy-
lase and lipase levels change unreliably in chronic stages 
of the disease. Diagnostic imaging (radiographs, ultra-
sound, computed tomography) demonstrating diffuse 
intraductal calcium deposition will support the diagno-
sis in 30–90% of cases, depending upon the modality 
employed. ERCP (endoscopic retrograde cholangiopan-
creatography) is the “gold standard” for chronic pancre-
atitis. Stratification into severity of disease is based on a 
grading of ductal abnormalities. An incidental finding 
that is not uncommon during surgical treatment of 
chronic pancreatitis is evidence of pancreatic cancer.

Some practice guidelines do exist for the treatment 
of pain due to chronic pancreatitis [39]. Unfortunately, 
most published treatment options are only validated 
mainly by case reports and retrospective series. Few 
studies of chronic pancreatitis pain have employed 
rigorously controlled methodologies and even fewer 
have demonstrated robust effects of the studied treat-
ment. A list of potential treatment options is given in 
Box 15.3. Based on epidemiologic data, abstinence 
from alcohol is an absolute behavioral alteration that 
must occur when the etiology of the pancreatitis is 
alcohol related. An individual who continues to abuse 
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steroid injections provided pain relief in 4/16 patients 
[41]. However, 11 of the 12 patients who did not 
obtain relief were narcotic dependent, whereas none 
of the four who obtained relief were narcotic depend-
ent. This finding emphasizes the complexity of treat-
ing pain in a population of patients with chemical 
dependencies and other abnormal psychologic and 
psychosomatic behaviors. 

In another report [42] which investigated the mode 
of delivering the nerve blocks, 25% of patients with 
CT-guided celiac plexus blocks experienced pain 
relief compared to 43% of patients who were treated 
by endoscopic ultrasound-guided celiac plexus blocks. 
The benefit from endoscopic ultrasound-guided 
celiac plexus also persisted for longer than that of 
the CT-guided blocks. More importantly, paraplegia 
has not been described after endoscopic ultrasound-
guided celiac plexus block. The same group of inves-
tigators more recently published their prospective 
experience with endoscopic ultrasound-guided celiac 
plexus blocks with steroids in 90 patients with pain 
resulting from chronic pancreatitis [43]. A signifi-
cant improvement in pain scores occurred in 55% of 
these patients. The benefit persisted beyond 12 weeks 
in 26% of the patients and beyond 24 weeks in 10%. 
Younger patients (�45 years) and patients with pre-
vious pancreatic surgery for chronic pancreatitis did 
not appear to benefit from the blocks. 

The current evidence indicates that endoscopic 
ultrasound-guided celiac plexus blocks are safe and 
well tolerated with excellent temporary results in some 
patients. Unfortunately, reliable predictors of success 
are lacking. In the absence of long-term studies in 
patients with chronic pancreatitis, the role of endo-
scopic ultrasound-guided celiac plexus blocks should 
be limited to treating flares of chronic pain in patients 
with otherwise limited therapeutic options. 

Surgical diversion or resection is often viewed as the 
definitive treatment of chronic pancreatitis despite the 
absence of prospective randomized studies. The endo-
scopic placement of stents, sphincterotomy, dilation 
and/or stone removal are well-established alternatives 
to surgery in the treatment of biliary tract diseases, and 
similar techniques for the relief of chronic pancreatic 
pain have been developed. However, recent randomized 
comparisons of endoscopic versus surgical management 
of ductal obstruction have suggested the superiority of 
surgical interventions. In one study [44], patients with 

Box 15.3 Pain treatment options: 
chronic pancreatitis [37–45]
Treatments with Grade B evidence
Abstinence from alcohol (Level III)
Antioxidants and micronutrients (Level II)
Cholecystokinin receptor antagonists (Level II)

Treatments with Grade C evidence
Opioids (including K-ORAs; Level II and III)
Anti-inflammatory drugs (Level III) 
Endoscopic management (stents, sphincterotomy, 

stone removal) (Level III evidence – inferior to sur-
gical intervention) [44, 45]

Oral pancreatic enzyme treatment (Level II)
Octreotide (prevents complications of pancreatic 

 procedures – Level II)
Neurolysis (Level IV)
Intraceliac local anesthetic and/or steroid injections 

(Level IV)
Surgical diversion or resection (Level III) 
Pseudocystic drainage (percutaneous, endoscopic, 

surgical) (Level IV)
Shock-wave lithotripsy of pancreatic stones (Level III)

 alcohol despite the diagnosis of chronic pancreatitis 
has a 50% mortality rate at 5-year follow-up. If they 
abstain from drinking, it takes more than 25 years to 
have a similar mortality rate. It has been commonly 
reported that total abstinence from alcohol achieves 
pain relief in up to 50% of patients, particularly those 
with mild to moderate disease [39]. 

Celiac plexus blocks with local anesthetics have 
been used for diagnostic purposes as well as a pri-
mary therapy for pain in association with chronic 
pancreatitis. Although widely used, there have been 
relatively few formally reported experiences with 
nerve blocks for the long-term treatment of chronic 
pancreatitis. Leung et al. [40] studied the use of celiac 
plexus blocks in 23 patients with chronic pancreatitis. 
Twelve of the 23 had complete analgesia, whereas six 
had partial relief. There was no effect in five patients. 
The mean pain-free period was 2 months. There was 
less of an effect in patients with previous pancreatic 
surgery, and repeat blocks were unhelpful. Because of 
concerns about potential irreversible nerve injury, the 
injection of steroids as opposed to alcohol has been 
recommended when using celiac plexus blocks for 
the treatment of chronic pancreatitis. In one study, 
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chronic pancreatitis and a distal obstruction of the pan-
creatic duct without an inflammatory mass were rand-
omized to undergo endoscopic transampullary drainage 
of the pancreatic duct (n = 19) or operative pancrea-
ticojejunostomy (n = 20). At 24 months of follow-up, 
patients treated surgically had lower pain scores and 
required fewer procedures. Complete or partial pain 
relief was achieved in 32% of patients who underwent 
endoscopic drainage as compared with 75% of patients 
assigned to surgical drainage. Another study of 72 
patients found surgery superior to endoscopic sphinc-
terotomy with stenting and/or stone removal [45]. 

Opioids are the primary pharmacologic analgesic 
therapy for advanced chronic pancreatitis, although 
some have suggested the use of “adjuvants” such as 
antidepressants. There is the unfortunate but common 
experience of clinicians that patients who have alco-
holic pancreatitis may exchange their alcohol addic-
tion for an opioid addiction. Patients with substance 
abuse histories develop painful diseases and ethically 
require treatment, but clinicians still experience sig-
nificant angst in association with symptom-based 
treatment rather than etiology-based treatment.

Postcholecystectomy syndrome

Pathophysiology/treatment
One in four patients who undergo cholecystectomy 
for uncomplicated gallstone disease or acute chole-
cystitis continues to have persistent abdominal pain 
5 years after their surgery [46]. This postcholecystec-
tomy syndrome consists of pain which is typically in 
the right upper quadrant of the abdomen and is simi-
lar to that of cholecystitis. It is exacerbated by eating, 
may be associated with nausea, and is often described 
as dull and colicky. An appropriate work-up can rule 
out a definable pathology such as a retained bile duct 
stone or secondary pancreatitis. Endoscopic retrograde 
cholangiopancreatography/manometry may identify 
abnormal pressures or motility within the biliary duct 
and if observed, elevated sphincter of Oddi pressures 
suggest sphincter dysfunction as the cause of the syn-
drome [47]. Treatments include sphincterotomy or 
stenting when elevated pressures are noted. Nifedipine 
has been reported to help with sphincter dysfunction, 
but there is no high-level evidence for any treatment 
option. Often there is no objective identification of the 
pain’s etiology, so treatment is empiric. 

Visceral pain arising from 
urologic organs

Urolithiasis

Pathophysiology/treatment
Irritative effects of stones moving within the urinary 
system (renal pelvis/calices, ureters, bladder, urethra) 
can lead to severe pain (renal colic) and if sufficiently 
obstructive to urine flow, can destroy kidney func-
tion. It may be recurrent in “stone-formers” and may 
be continuous when numerous or large renal pelvic 
(staghorn) calculi are present. It occurs in 15% of 
white men and 6% of all women in industrialized 
countries [48]. Diagnosis is based on history of stone 
formation and/or imaging studies (intravenous pyelo-
gram or CT). The primary treatment for the disorder 
is the removal of the stone by spontaneous passage, 
which may be assisted by fragmentation using lithot-
ripsy, or it may require surgical removal. 

Drugs which relax the ureters include nonsteroi-
dal anti-inflammatory drugs (NSAIDs), nifedipine, 
and tamsulosin, all of which have been demonstrated 
to facilitate stone passage. Otherwise, pain treatments 
employed are intended to be “temporizing” with the 
goal of relieving pain and ureteral spasming until stone 
removal occurs. These treatments are listed in Box 15.4. 
The two principal classes of agents used to treat pain 
from renal colic are NSAIDs and opioids. NSAIDs are 
often considered the first-line therapy because they 
directly address the underlying etiology of the pain by 
inhibiting prostaglandin synthesis and subsequently 
reducing vasodilation, intrarenal pressure, and urinary 
tract inflammation. In fact, some studies have shown 
NSAIDs to be superior to opioids in reducing pain 
scores and the need for further analgesic therapies [49]. 
Therapies to reduce stone formation include alkalini-
zation of the urine, avoidance of certain drugs, use of 
thiazide diuretics, and dietary alterations.

Polycystic kidney disease 

Pathophysiology/treatment
This autosomal dominant genetic disease is associated 
with cyst formation, rupture, infection and  secondary 
compression or traction of neighboring structures 
which can produce low back pain, abdominal pain, 
headache, chest pain, flank pain and/or leg pain 
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[52, 53]. Eventually the disorder leads to kidney fail-
ure. Renal stone formation and liver cyst formation 
are both common co-morbidities. Therapeutic regi-
mens have been proposed which suggest a general 
progression from nonpharmacologic methods to 
non- narcotic analgesics and minimally invasive pro-
cedures to progressively more invasive procedures 
and the use of opioids [54]. Procedures unique to 
polycystic kidney disease include surgical or percuta-
neous drainage of the cysts to decompress the lesions, 
sometimes followed by  marsupialization to avoid 
fluid reaccumulation. In a study by Brown et al. [55], 
50% of patients were pain free 12–28 months after 
laparoscopic marsupialization. More recently, Casale 
and colleagues [56] reported treating 12 patients aged 
8–19 years (mean age 12.4) with laparoscopic renal 
denervation and nephropexy. All these patients had 
autosomal dominant polycystic kidney disease with 
chronic pain that was refractory to narcotic use. All 
patients were reportedly pain free  following surgery 
with a mean follow-up period of 25.5 months. 

Loin pain-hematuria syndrome

Pathophysiology/treatment
This is a descriptive diagnosis of obscure etiology with 
the primary symptom of severe flank pain and the 

laboratory finding of hematuria. It may be secondary 
to an immunoglobulin A nephritis, but its existence 
as a clinicopathologic entity has been questioned [57] 
since in most cases, it is a diagnosis of exclusion. In 
a research setting, renal biopsies of subjects with the 
diagnosis of loin-pain hematuria suggest a glomeru-
lar source of the hematuria [58]. Treatments by some 
have been aggressive, utilizing interventions such as 
intraureteric capsaicin, nephrectomy, extensive surgi-
cal sympathectomy of the kidney, and renal autotrans-
plantation. However, recurrence of pain following 
these procedures is common. Meticulous screening of 
patients for other urologic, nephrologic or psychiatric 
etiologies of pain prior to surgical intervention is rec-
ommended. Results of injection therapies are usually 
viewed as short-lived. There is no high-level evidence 
for any of these treatment options.

Painful bladder syndrome – interstitial 
cystitis

Pathophysiology/epidemiology
Painful bladder syndrome (PBS; alternatively known 
as bladder pain syndrome) is a descriptive diagnosis 
that has been recently advocated for use on an inter-
national level as descriptive of a complex of urologic 
complaints including pain [59]. Thought to be an 
early form of the disorder interstitial cystitis (IC), 
there is an expectation that a majority of patients with 
PBS might have a common etiology. Notably, IC has 
no agreed etiology, pathophysiology or treatment and 
nor does the less defined PBS. The prevalence of IC is 
estimated to be 2 in 10,000 with a female to male ratio 
of 10:1. Patients with IC are 10–12 times more likely 
to report childhood bladder problems than the general 
population [60]. IC is frequently associated with other 
chronic disorders such as inflammatory bowel disease, 
systemic lupus erythematosus, irritable bowel syn-
drome, “sensitive” skin, fibromyalgia and allergies [61].

Interstitial cystitis does have a defining pathology 
in that the diagnosis, as defined by a study group 
of the United States National Institute of Diabetes, 
Digestive and Kidney Diseases, requires the presence 
of mucosal ulcers (a Hunner’s patch) or “glomeru-
lations.” The latter are small submucosal petechial 
hemorrhages viewed cystoscopically after sus-
tained distension of the bladder (hydrodistension). 
Glomerulations are not unique to IC but occur in 

Box 15.4 Pain treatment options: 
urolithiasis [48–51]
Treatments with Grade A or B evidence
Agents to assist stone passage [51]
NSAIDs (Level I)
Calcium channel blockers (nifedipine) (Level I)
α-Adrenoceptor antagonists (tamsulosin, terazocin, 

doxazocine) (Level II)
Nitroglycerine and other nitrates (Level IV)
Lithotripsy (Level I)
Analgesics, antispasmodics
Opioids including tramadol (Level II or III)
Antimuscurinics (Level III or IV)
Phosphodiesterase IV inhibitors (Level II)
Surgical procedures for stone removal (Level III)
Acupuncture (Level III)
TENS (Level II)
Drug and dietary modification to prevent stone 

formation
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other forms of  cystitis (e.g. radiation cystitis) and may 
even be a normal variant. As a consequence, the for-
mal diagnosis of IC also requires exclusion of known 
disorders which produce pain and/or glomerulations 
(e.g. viral infection, chemotherapy exposure). 

There is good evidence that there is a disrup-
tion of the normal urothelial barrier in most if not 
all IC patients. The etiology of the breakdown in 
the urothelial barrier and the consequences of this 
breakdown in IC are, as yet, unknown. One theory 
proposes that the breakdown of the urothelial bar-
rier results from a failure to maintain adequate for-
mation of glycosaminoglycans, the protective coating 
of the urothelium. Another theory proposes that IC 
is a systemic autoimmune disease presenting as a 
local manifestation with associated immunologic 
dysfunction, including possible abnormal mast cell 
activity. The most mechanistic theory to date relates 
the breakdown of the urothelial barrier to the pres-
ence of a specific peptide present within the urine of 
IC patients that impairs urothelial regrowth. Named 
the antiproliferative factor (APF), this low molecular 
weight peptide is a member of the Frizzled 8 protein 
family [62]. APF has been identified in over 90% of 
rigorously diagnosed IC patients and, at present, is the 
best laboratory diagnostic test for IC. Unfortunately, it 
is currently only available as a research tool. Whether 
APF is present due to developmental, immunologic, 
infectious, genetic or neurologic causes has not been 
determined. It has been demonstrated to produce 
a downregulation of genes which stimulate epithe-
lial proliferation and an upregulation of genes that 
inhibit cell growth. Independent of the specific rea-
son for urothelial disruption, the simplest explana-
tion of the consequences of this breakdown is that 
it allows an exposure of urinary constituents, bacte-
rial products and cell death products to bladder sen-
sory nerves that normally are protected by an intact 
urothelial barrier. “Toxic” urine exposure may then 
produce either direct activation or sensitization of 
peripheral and/or central nervous system structures. 
It is likely that all these theories are correct for subsets 
of patients and that multiple different pathophysiolo-
gies are being grouped together under one diagnosis. 

Evaluation/treatment
Pain, nocturia, urgency and frequency are the  primary 
symptoms of IC. Pain may be localized to the lower 

abdomen, pelvis, groin and/or perineum [60]. The 
onset of the disease may follow an “event” but is 
notable for a rapid progression of symptomatology. 
Depression and anxiety are frequent co-morbidities. 
In one analysis, Clemens and associates reported that 
25% of patients with IC also carried an International 
Statistical Classification of Diseases (ICD)-9 diagnosis 
of depressive disorder and 19% carried a diagnosis of 
anxiety. In this study, compared to controls, patients 
with IC were also more likely to suffer from fibro-
myalgia, gastritis, headaches, esophageal reflux and 
back pain, and were more likely to have a history of 
child abuse [63]. Suprapubic tenderness to palpation 
may accompany a diagnosis of IC. Although a his-
tory of frequent urinary tract infections is twice as 
common in IC patients as in non-IC patients, most 
report infrequent urinary tract infections (�1/year) 
prior to the onset of their symptoms, and they typi-
cally have sterile urine on laboratory exam. A cysto-
scopic examination of the bladder wall is necessary to 
meet the research definition of IC (Hunner’s patch or 
glomerulations needed). The intravesical potassium 
sensitivity test has been employed as an alternative 
diagnostic procedure with good sensitivity (70–90%) 
for subjects meeting formal research criteria, but it 
lacks specificity [64]. 

The ultimate goal of therapy is to neutralize the 
factor or factors responsible for a disease proc-
ess. In the absence of any known causative factors, 
the treatments for IC have been guided by theory 
and/or  prudence. A given patient’s therapy typically 
progresses from the least invasive treatments to the 
more invasive. A list of potential treatments for IC 
is given in Box 15.5. While there are no universally 
accepted treatments, most patients are initially treated 
with oral medications such as NSAIDs, antihista-
mines, antidepressants or cyclosporine, among others 
[65]. These are based on varying degrees of evidence 
as outlined in the box. A comparison of cyclosporine 
to pentosan polysulfate has found cyclosporine to be 
more effective in reducing urinary frequency with a 
response rate of 75% for cyclosporine versus 19% for 
pentosan polysulfate [66, 67]. More invasive treat-
ments such as electrical nerve stimulation, nerve 
blocks or surgical resection may be required in some 
patients [65, 68]. 

Epidemiologically, IC is most prevalent in young 
to middle-aged women, implying there may be a 
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resolution of symptomatology that occurs with 
time. It has been reported that up to 50% of patients 
diagnosed with IC have spontaneous remissions 
with durations of 1–80 months. All clinical tri-
als related to IC have been hampered by the likely 
inclusion of a heterogeneous clinical population. 
This may become less problematic in the future with 
the advent of a diagnostic test for APF, which would 
allow for the objective enrollment of study partici-
pants into clinical trials. 

Visceral pain arising from 
reproductive organs

General statements
Approximately half of the world’s population has 
experienced a monthly recurrence of abdominal 
pain associated with the menstrual cycle. The degree 

of distress and disruption of activities of daily 
 living produced by this cycling phenomenon varies 
widely in the population. Menstrual cramps in the 
perimenstrual period and Mittelschmerz (pain at 
the time of ovulation) are viewed as “normal” but 
when they become noncyclic or when they lead to 
a severe disruption of activity, then investigations 
and interventions may be performed. Gynecologic 
pains can be divided into two sites of pain localiza-
tion: the abdomen/pelvis and the perineum (vulvo-
dynia). The latter disorder is discussed in a separate 
chapter of this text along with nonspecific pelvic 
pains of several types. The types of pain discussed 
here will be attributed to specific intra-abdominal 
female reproductive organs. Brief mention will also 
be made of orchialgia, a male correlate to ovarian 
pain.

Dysmenorrhea 

Pathophysiology/epidemiology
A painful monthly “flow” can occur either secondary 
to underlying endocrine/pelvic pathology or it may be 
“primary,” in which case, there is no other identifiable 
pathology. It is thought that dysmenorrhea is due to 
contractions (cramping) of the uterus when it expels 
menstrual constituents. This cramping produces 
high-intensity mechanical stimuli and focal uterine 
ischemia. In addition to the mechanical stimulation 
and ischemia, the uterine afferents and central neu-
ronal processing may be sensitized due to hormonal 
alterations since this has been noted in other species. 
Various products of inflammation (prostaglandins, 
leukotrienes) are produced by the sloughing, necrotic 
uterine lining which can also produce a sensitization/
activation of uterine afferent neurones. It should not 
be surprising that there could be a significant genera-
tion of pain at the time of menses.

Evaluation/treatment
The initial clinical evaluation of dysmenorrhea requires 
simple history taking to assess the cyclic nature of the 
pain and a physical exam to evaluate the secondary 
forms of dysmenorrhea (imperforate hymen, uter-
ine/tubal abnormalities, adenomyosis or leiomyoma 
(fibroids)). Treatment of such secondary forms is the 
primary etiologic therapy. Other potential options are 
listed in Box 15.6. Due to its common occurrence, most 

Box 15.5 Pain treatment options: 
interstitial cystitis [59–68]
Treatments with Grade B evidence
Antidepressants (Level I subset)
Cyclosporine (Level III)

Treatments with Grade C evidence
Dietary modification (Level IV)
Hydrodistension (with or without intravesical 

 treatments – Level IV)
Components: dimethyl sulfoxide, heparin, 

 corticosteroids, bicarbonate, hyaluronic acid, 
clorpactin, intravesical Bacillus Calmette-Guerin 
(Level III – subsets respond)

Systemic medications 
Antihistamines/mast cell stabilizers (Level III)
Opioids/B&O suppositories (Level III)
Nonsteroidal anti-inflammatories (Level III – may 
worsen some)
Pentosan polysulfate (Level II – subsets respond)
Pyridium (Level IV)

TENS (Level IV)
S3 nerve root stimulation (Level II and III for urinary 

frequency – not pain)
Local anesthetic nerve blocks (Level IV)
Surgical resection/diversion (Level III)
Behavioral therapies (Level IV)
Hyperbaric oxygen therapy (Level III)
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cases of dysmenorrhea are presumed to be primary, and 
cyclo-oxygenase inhibitors such as the NSAIDs are con-
sidered the first-line reactive treatment [69]. Multiple 
studies have confirmed that NSAIDs are more effec-
tive than placebo in relieving menstrual pain. However, 
when compared with each other, no specific NSAID has 
been shown to be superior. Ideally, these medications 
should be administered on a scheduled basis and begun 
1–2 days before the expected onset of menstruation 
[70]. Oral contraceptives may also be used as a preven-
tive measure. These have also been shown to be more 
effective than placebo in reducing menstrual symptoms 
and the need for additional pain medications in a dou-
ble-blinded, randomized controlled trial [71]. In fact, 
the  combination of NSAIDs and oral contraceptives is 
able to alleviate pain in 75–80% of women suffering 
from primary dysmenorrhea [70].

Typically when conservative pharmacologic man-
agement of presumed primary dysmenorrhea has 
failed, a laparoscopy is performed in an attempt to 
identify potentially treatable sources of secondary 

dysmenorrhea. If no pelvic pathology is identified, 
then surgical/neuroablative treatment may be con-
sidered. Other potential options with varying degrees 
of supportive evidence include long-acting hormo-
nal therapies and nontraditional remedies such as 
 vitamin E and B1 supplementation, magnesium sup-
plementation, various other dietary and herbal reme-
dies, acupuncture, and transcutaneous electrical nerve 
stimulation (TENS). A Cochrane review of high-
 frequency TENS for the treatment of dysmenorrhea 
found it to be more effective than placebo in relieving 
menstrual-related pain. However, the TENS group 
did experience a higher rate of muscle vibration, skin 
tightness, headache, and skin irritation [70–73]. 

Endometriosis

Pathophysiology/epidemiology
When endometrial glands and stroma are found out-
side the uterine cavity, the term “endometriosis” is 
employed. It is estimated to be present in 1–2% of the 
general female population and in approximately half 
of women who undergo laparoscopy for pelvic pain. 
Common sites where endometriosis is found include 
the ovaries, the peritoneum coating (both visceral 
and somatic), and the cul-de-sac. It can be found in 
any part of the abdominal cavity and may “erode” 
into other structures such as the GI tract. Its severity 
is graded on a I–IV staging scale. The leading theory 
related to the development of endometriosis suggests 
that retrograde menses extrude out of the fallopian 
tubes and onto pelvic/abdominal structures, with 
subsequent implantation of viable endometrial tissue. 
Although a source of secondary dysmenorrhea, it can 
be associated with pain in all parts of the menstrual 
cycle.

Evaluation/treatment
There are many variants of presentation for endome-
triosis including dyspareunia, urinary urgency, 
increased frequency, bladder pain, back pain, rectal 
pain, and pain radiating to the thighs, perineum or 
vagina. It may produce hormonal alterations causing 
abnormal uterine bleeding or infertility. Hematuria 
and bowel or ureteral obstruction can occur from 
the erosion of endometrial tissue into neighbor-
ing viscera or compression of tubular structures. 
A pelvic exam may demonstrate multiple, focal sites 

Box 15.6 Pain treatment options: 
dysmenorrhea [69–73]
Treat sources of secondary dysmenorrhea
Endometriosis (see Box 15.7) 
Hysterectomy – bilateral salpingo-oophorectomy
Other endocrine/metabolic disorders

Treatments with Grade A or B evidence
for primary dysmenorrhea
Oral contraceptives/progesterones (Level I)
Nonsteroidal anti-inflammatories (Level I)

Treatments with Grade C evidence for 
primary dysmenorrhea
Medical treatments 

Opioids (Level III)
Transdermal nitroglycerine (Level III)
Guaifenesin (Level III)

Denervation [72]
Uterosacral nerve ablation (Level II and III)
Presacral neurectomy (Level I–III)
Complementary and alternative treatments

TENS (Level II)
Acupuncture/acupressure (Level III)
Aromatherapy (Level III)
Magnet therapy (Level III)
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of tenderness or sites of fibrosis within the pelvis. A 
definitive diagnosis requires histologic confirmation 
via a laparoscopic examination. 

Pain treatment options echo those put forward for 
dysmenorrhea, with analgesic and neuroablative pro-
cedures viewed as temporizing or palliative (Box 15.7). 
In general, the medical management of endometriosis 
typically starts with hormonal treatments. Surgical 
treatment, often performed at the time of diagnostic 
laparoscopy, may consist of resection, fulguration or 
the laser ablation of identified sites of endometriosis. 
More severe disease may prompt more radical inter-
ventions which can include hysterectomy, bilateral 
salpingo-oophorectomy, appendectomy, and extensive 
resection of any suspicious lesions [74–76].

Ovarian pain 

Pathophysiology/treatment
Ovaries can be painful when cystic structures form as 
part of the polycystic ovarian syndrome or if torsion 
of the ovary or compression of neighboring structures 
occurs due to dermoid cyst enlargement. An iatrogenic 

chronic pain disorder that relates to the ovary is the 
ovarian remnant syndrome where a previous surgical 
resection of an ovary was incomplete. Characterized 
by pelvic and/or flank pain that normally does not 
arise until several years after the original surgery, the 
pain may be cyclic in nature. It has been speculated 
that ovarian remnant syndrome may become more 
common due to techniques of laparoscopic surgery 
that increase the risk of leaving small portions of ovar-
ian tissue in situ [77]. Work-up is similar to that for 
any painful adnexal mass, and treatment is typically 
surgical, with complete resection of remaining tissues. 
Therapies similar to those employed for dysmenor-
rhea and endometriosis may have some benefit.

Orchialgia 

Pathophysiology/treatment
Pain originating from the testes may be felt within 
the abdomen or may be localized within the scrotum 
[78]. Pains from such areas have a wide differential 
diagnosis, including local processes such as tumor, 
infection (e.g. epididymitis), varicocele/hydrocele/
spermatocele, and testicular torsion. Previous surger-
ies such as inguinal hernia repair and vasectomy as 
well as noniatrogenic trauma can all lead to chronic 
inflammatory processes as well as altered sensation 
and associated chronic pain. Neuropathic etiologies 
ranging from diabetic neuropathy and entrapment 
neuropathies to spinal disk disease to the use of sta-
tin drugs may all present with testicular pain. Scrotal 
pain should be differentiated from testicular pain 
since the nerve supplies differ and may represent dif-
fering sites of pathology along sacral versus thoraco-
lumbar pathways. Due to the “personal” nature of the 
site of pain, concerns related to psychologic etiologies 
or sequelae of this chronic pain are maintained. 

Treatment of chronic orchialgia has traditionally 
started with anti-inflammatories and/or antibiotics, 
but often proceeds to surgical procedures includ-
ing epididymectomy, orchiectomy or denervation 
procedures. Long-term outcomes are unknown and 
retrospective series have suggested limited benefit, 
particularly in subsets of patients with other pain 
disorders. There may be benefit from the use of anti-
depressants, anticonvulsants, membrane-stabilizing 
agents, opiates and, in some patients, sympatholytic 
treatments. However, because of the wide differential 

Box 15.7 Pain treatment options: 
endometriosis [74–76]
Treatments with Grade A or B evidence
Medical treatments
Hormonal–metabolic
Oral contraceptives/progesterones (Level I)
Danazol (Level II)
GnRH agonists (Level I)
Gestrione (Level II)
Aromatase inhibitors (Level I and II)
Analgesic
Nonsteroidal anti-inflammatories (Level I)

Treatments with Grade C evidence
Opioids (Level III)
Surgical ablation (Level II)
Hysterectomy/bilateral salpingo-oophorectomy 
(Level II)
Denervation 
Uterosacral nerve ablation (Level III)
Presacral neurectomy (Level I–III)

Note: recommendations may differ for adolescent and adult 

patients [76].
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diagnosis of testicular pain, no specific treatment has 
high-level evidence for its use [79].

Other disorders with abdominal 
pain as a symptom

Familial Mediterranean fever 

Pathophysiology/treatment
This is an autosomal recessive genetic disease linked to 
chromosome 16 which usually manifests between ages 
5 and 15 years [80, 81]. Known gene mutations have 
been found in substantial numbers of people from 
various Mediterranean populations. It has been linked 
to alterations in the innate immune system involving 
the protein pyrin. The disease is characterized by peri-
odic febrile episodes without an identifiable triggering 
event, serous peritonitis, pleuritis, synovitis, and a rash 
that may resemble erysipelas. Abdominal pain epi-
sodes of varying intensity may occur anywhere from 
twice per week to once per year, but most commonly 
occur at 2–4 week intervals with acute episodes lasting 
1–3 days. Chest pain and arthralgias occur in 75% of 
episodes. Renal failure due to amyloidosis is a potential 
sequel. Laboratory evaluation may indicate an elevated 
white blood count or an elevated sedimentation rate, 
but these are not necessary criteria for diagnosis. 

Systemic analgesics are the primary treatment, 
though various case reports have advocated for more 
aggressive measures. Colchicine is the treatment recom-
mendation of a European consensus conference based 
on Level I evidence [82] as daily colchicine has been 
demonstrated to decrease the frequency of attacks and 
the risks of amyloidosis. Prophylactic antibiotics, hor-
mones, antipyretics, immunotherapy, psychotherapy, 
thalidomide, interferon-α, infliximab, dietary altera-
tions, chloroquine, and phenylbutazone have all been 
tried with limited success (Level III and IV evidence).

Porphyria

Pathophysiology/treatment
There are several related genetic disorders which are 
associated with the increased formation of porphy-
rins or their precursors. These disorders are collec-
tively termed porphyria [83, 84]. The most frequently 
encountered of these is intermittent acute porphyria 

(IAP) which is associated with colicky abdominal 
pain that is intermittent, may be associated with envi-
ronmental exposures, and which can last for days to 
months. Since it is transmitted as an autosomal dom-
inant disorder with incomplete penetrance, family 
history may or may not be helpful in the diagnosis. 
Certain drugs such as barbiturates, benzodiazepines, 
alcohol, phenytoin, ketamine, etomidate, mep-
robamate, and corticosteroids have been implicated 
as “triggers” of a crisis, so are generally avoided. Other 
gastrointestinal signs and symptoms such as vomit-
ing, constipation, and abdominal distension are com-
mon and may complicate the initial diagnosis. Neural 
demyelination can occur, resulting in various neuro-
logic and psychiatric symptoms. The urine and blood 
tests which are useful for the diagnosis of porphyria 
may only be valid during crises, though increased uri-
nary porphobilinogen secretion confirms the diagno-
sis. Genetic testing of asymptomatic members in IAP 
families is now routine. 

Treatment is based on avoiding known triggers 
and treating crises with intravenous fluids and/or 
an increased carbohydrate intake. The key treat-
ment of porphyria involves stopping heme synthe-
sis. Intravenous hematin (4 mg/kg of body weight) 
 provides negative feedback to the heme synthetic path-
way and shuts down the productions of porphyrins and 
porphyrin precursors. Aggressive treatments including 
liver transplant have been suggested. Nontriggering 
analgesics include most opioids with the exception of 
pentazocine.

Adhesions

Pathophysiology/treatment
The laparoscopic demonstration of intra-abdominal 
adhesions in patients with abdominal/pelvic pain is 
common (16–51% of patients). Two separate rand-
omized trials [85, 86] suggest that unless adhesions 
are very dense and producing bowel obstruction, 
adhesiolysis appears unlikely to produce a reliable 
benefit. Attempts to control or prevent adhesions 
with the use of anti-inflammatory agents, peritoneal 
instillates or surgical barriers have not affected pain-
related outcomes [87]. Medical treatments are other-
wise empiric and supportive in nature with no clear 
evidence guiding the best practice.
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Future research priorities

As is apparent from the sparse amount of high-grade 
evidence for most therapies related to pain arising from 
abdominal organs, there are many lines of investiga-
tion available for researchers that are of high clinical 
significance. Despite the clinical importance of visceral 
pain disorders, their treatment continues to be a mat-
ter of debate rather than implementation of evidence-
based therapies. Those disorders with high-grade 
evidence are of the shorter, time- and event-limited 
variety such as the passage of kidney stones. It is the 
chronic disorders that have clinicians and researchers 
alike scratching their heads. This, in part, may relate to 
the seemingly contradictory needs for both “lumping” 
and “splitting” in relation to the disorders. It is clear 
that not all painful disorders have the same mecha-
nisms, as the local environments, adequate stimuli and 
evoked responses may be radically different for adja-
cent organ systems. For example, the presence of the 
bacterium E. coli will lead to massive physiologic and 
sensory responses when invading the lumen of the nor-
mally sterile urinary bladder, but lives unobtrusively in 
the lumen of the neighboring sewage-filled colon. 

To understand the mechanisms of inflammation, 
primary afferent neuronal responses and reflex acti-
vation that are unique to each organ system is vital 
to an understanding of the painful disorders associ-
ated with those organs. Despite the need for that split-
ting approach to research, it must also be recognized 
that there is need for lumping when considering the 
responses evoked by stimuli arising from different 
organ systems. Commonalities of sensation type, qual-
ity, affective impact, physiologic response and even 
referred localization (which may be identical for differ-
ent organs) are present for all visceral systems. Hence, 
therapies may need to focus to a greater degree on these 
higher order response elements associated with pain-
ful disorders. One of the failures of research related to 
therapies is that studies generally have either too great 
a focus on a specific organ-based mechanism, with an 
ignoring of total body effects, or the opposite, too great 
a focus on response factors with too little emphasis on 
what is evoking these responses. It is unlikely that a 
single pill or a single behavioral therapy will abolish all 
the reactions evoked in a chronically painful disorder. 
Our research needs to reflect the therapeutic need for 
multilevel, multimodal therapy. 

General recommendations related 
to therapeutics

Just as there is a need for research related to 
 multimodal therapy, there is also a need to deliver 
multimodal therapy. Physicians want a “cookbook” 
related to the treatment of medical disorders where 
a specific label for a disorder is associated with a 
defined treatment sequence. At present, we do not 
have such a cookbook related to chronically pain-
ful disorders and so individual assessment, personal 
judgment and the “art” of medicine all factor into 
treatment plans. When faced with the evaluation 
and treatment of a painful disorder, it is necessary 
to undertake basic evaluations that assess the poten-
tial for reversible or time-important disorders such 
as infection, ischemia or cancer. After that, there 
may be a need for additional organ-specific assess-
ment but there may be an even greater need for glo-
bal response-related treatments such as behavioral 
interventions that may not be as dependent upon 
the particular organ evoking the responses. Too 
often, treatment strategies turn to such response-
related therapeutics as monotherapy only after 
extensive organ-based procedures and treatments 
have failed. For the sake of patients suffering from 
painful disorders, let us avoid monotherapy and 
search for the best combination of therapeutics. 
Evidence-based medicine will hopefully carry us 
to a fully defined list of combination therapeutics 
that are most effective, but until that day the clini-
cian must systemically determine for themselves the 
 optimal combinations. 

Conclusion

Chronic abdominal pain arising from visceral 
 structures is a common clinical entity with multi-
ple etiologies both known and unknown. The pain is 
often poorly localized with referral of pain to somatic 
sites. Pain arising in the viscera can signal life- or tis-
sue-threatening disorders with grave consequences. It 
may also be a sensation out of proportion to the iden-
tifiable pathology. Evidence-based medicine related 
to various painful disorders is limited; therefore, a 
systematic approach to the reported symptom is pru-
dent and utilization of multimodal therapeutics is 
recommended. 
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CHAPTER 16

Postsurgical pain syndromes

Fred Perkins and Jane Ballantyne
National Anesthesia Service, United States Department of Veteran Affairs, White River Junction, VT, USA

Background

As surgery becomes safer and appropriate to 
 increasing numbers of individuals, and as the popu-
lation ages, surgery is less feared and more widely 
undertaken. This trend is accompanied by an 
increasing awareness of the problem of persistent 
 postsurgical pain. Whereas once one felt lucky to sur-
vive surgery, and not surprised by long-term seque-
lae, now one can reasonably expect a full recovery. 
Persistent pain can considerably alter risk:benefit 
assessments in surgical decision making, and it fol-
lows that progress in surgical management must 
include efforts to understand and avoid persistent 
postsurgical pain. This is an area of research that 
has received much attention, especially over the last 
decade. A number of comprehensive reviews can be 
found in the literature [1–3] and evidence is begin-
ning to accrue that helps quantify the problem as 
well as understand its basis. This chapter provides an 
overview of that evidence. 

Prevalence

Given the fragmented nature of postsurgical follow-
up, it is perhaps not surprising that rates of persistent 
postsurgical pain were largely unknown until atten-
tion was drawn to the problem. Table 16.1 summa-
rizes data from recent studies attempting to quantify 
the problem of persistent postsurgical pain. These 

summary prevalence data do not help in determining 
the severity, duration or tolerability of the pain, or its 
true burden, but do provide a measure of the propor-
tion of individuals affected. The table draws a distinc-
tion between persistent pain arising when there was 
no pre-existent pain or pre-existent pain was unre-
lated, versus persistent pain occurring as unresolved 
pain after surgery that attempts to improve pain. 
The former – postsurgical chronic pain syndromes – 
are predominantly neuropathic pain syndromes, 
whereas the latter – persistent postsurgical pain con-
ditions – are multifactorial and often associated with 
the original condition. What has surprised the medi-
cal community is how commonly persistent postsur-
gical pain occurs in both circumstances. 

Definition and timing 
of postsurgical pain

Pain is nearly universal following any surgical proce-
dure, and this postoperative pain is assumed to resolve 
over a relatively short period measured in days or 
weeks. It is usually assumed that acute postoperative 
pain is primarily the result of nociceptive and inflam-
matory input from the surgical injury, although in 
some surgical models, nerve injury may be a signifi-
cant component even during the acute phase. It is also 
reasonable to assume, on the basis of clinical presen-
tation as well as investigational data, that most per-
sistent postsurgical pain, at least after nonpain-related 
surgery, is predominantly neuropathic [3, 4]. Chronic 
pain has traditionally been defined as pain lasting 
more than 3 or 6 months [5] yet given the complex-
ity of mechanisms of persistent postinjury pain, and 
the variations in recovery times for each component, 
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this type of definition does not help distinguish acute 
from long-lived processes. More satisfactorily in the 
present context, and perhaps in all cases of acute pro-
gressing to chronic pain, chronic pain can be defined 
as “pain that extends beyond the period of tissue heal-
ing and/or with low levels of identified pathology that 
are insufficient to explain the  presence and/or extent 
of pain” [6]. This definition allows that aberrancy in 
the pain process can arise at different times, depend-
ing on a number of surgical and patient factors. 
Callesen et al. [7]  presented data from a large case 
series of hernia repairs and found that the prevalence 
of groin pain decreased from 3 months to 6 months 
to 12 months and then stabilized. Similar data for 

persistent pain following thoracotomy have been 
 presented by Gottschalk’s group [8] and the same is 
true for breast surgery [9]. For lower extremity ampu-
tation, Jensen et al. documented a relatively constant 
prevalence of pain between 1 and 2 years [10]. Thus 
the first year after surgery may be a critical time for 
intervention when pain processes may be amenable to 
modification before they have stabilized. 

Risk factors
There have been a number of risk factors identified 
for the development of chronic pain following sur-
gery (Table 16.2). Some of these factors are surgery 
specific while others are more general. 

Surgical procedure Prevalence of 
chronic pain

Prevalence of preoperative pain

Pain new in location or character*
Lower extremity amputation [2] Stump pain 62% Very common if ischemic disease

Phantom pain 70%
Breast surgery:
 Augmentation mammoplasty [41] 20% Rare
 Simple mastectomy [2] 30% Rare
 Mastectomy � axillary node dissection [2] 50% Rare
Thoracotomy: 
 Posterolateral approach [2] 50% Rare
 VATS [2] 31% Rare
Radical prostatectomy [73] 32% Rare
Hysterectomy [70] 32% 62%, associated with uterine pathology
Sternotomy:
 CABG [74] 30% Angina common
 Valve replacement [75] 32% Rare
Colectomy [68] 28% Rare
Laparoscopic cholecystectomy [67] 23% Common and usually associated with 

cholelithiasis 
Vasectomy [76] 15% Rare
Inguinal hernia repair [62] 12% Incident pain common
Cesarean section [66]  6% (Labor pain)
Lens implantation [65] �1% Rare

Persistence of pre-existing pain�

Pelvic fracture open fixation [72] 48% Almost universal and associated with fracture
Lumbar discectomy [71] 44% Common and associated with nerve root 

impingement
Hip replacement [64] 20% Almost universal and associated with joint disease
Root canal [69] 12% Common and associated with tooth decay

* Most common syndromes of persistent or chronic pain, surgery was not undertaken for pain relief, pain is usually neuropathic
� Pain severe and present longer than expected, surgery was for pain relief, pain multifactorial and often associated with original condition 
(e.g. continued inflammation)
CABG, coronary artery bypass graft; VATS, video-assisted thoracoscopic surgery.

Table 16.1 Prevalence of postoperative pain by procedure
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Pre-existing pain
Convincing correlations between pain before surgery 
and persistent postsurgical pain have been demon-
strated. For example, phantom limb pain has been 
correlated with duration and severity of preamputa-
tion pain, typically in patients requiring amputation 
for vascular disease [10, 18]. Similar associations 
have been demonstrated for other surgeries includ-
ing breast, inguinal hernia and gallbladder, but with 
less consistency [2].

Increase in early postoperative pain 
and postoperative opioid consumption
Increased intensity of acute pain (and as a sur-
rogate, the amount of opioid consumed in the 
immediate postoperative period) has been a robust 
predictor of chronic pain. This raises the question 
as to whether acute pain in some way causes chronic 
pain, and if so whether effective early postoperative 
analgesia is a method of decreasing chronic pain. 
Another possibility is that more severe acute pain 
is a marker for more intense nociceptive stimula-
tion, or possibly increased individual sensitivity to 
pain, and in those cases improved acute pain con-
trol would be less likely to affect pain persistence. 
Although the exact mechanisms for the association 
between acute pain severity and pain persistence 
are unclear, the use of early and aggressive postop-
erative pain therapy seems logical and should be 
investigated. 

Postoperative radiation and chemotherapy
Administration of chemotherapy increases the inci-
dence of phantom limb pain, and may affect chronic 
pain in other surgical models [2, 19]. In the case of 
breast surgery, both radiation and chemotherapy 
during postoperative recovery have been shown to 
increase the likelihood of postmastectomy pain in the 
breast and arm [2].

Pain sensitivity
Patients may differ considerably in their sensitiv-
ity to pain. It has been demonstrated that pain 
sensitivity as measured by pain rating during a 
first-degree burn can predict the extent of pain fol-
lowing anterior cruciate ligament reconstruction 
[20]. Thermal pain sensitivity as measured by the 
heat pain unpleasantness was a significant predictor 

Surgical factors 
Some studies have indicated that nerve damage dur-
ing surgery is associated with an increased preva-
lence of chronic pain [11–13]. Yet the prevalence of 
nerve damage in surgical models typically associated 
with persistent pain (thoracotomy, breast surgery 
and inguinal hernia repair) is much higher than 
the prevalence of pain [2]. Either the persistence of 
pain varies with the type of nerve damage or there 
are other factors, including patient factors, that pro-
duce the difference. Data are lacking regarding the 
specific type(s) of nerve damage that may be asso-
ciated with an increased incidence of chronic pain, 
but it is interesting that S. Weir Mitchell [14] noted 
over 100 years ago that nerve damage from contu-
sion or incomplete transection was more likely to 
result in long-term pain (in particular, causalgia) 
than nerve transection. Preliminary observations 
suggest that preserving the intercostal brachial nerve 
during mastectomy may decrease risk of persistent 
pain [4, 15]. Several newer thora cotomy techniques 
may produce less nerve injury, and early results 
suggest better pain outcomes. These include use of 
thoracoscopy in preference to fully open procedures 
with rib retractors, and the practice of muscle-spar-
ing  thoracotomy in preference to the conventional 
posterolateral approach [12, 16]. A number of other 
minimally invasive procedures are likely to be asso-
ciated with less nerve injury and better pain out-
comes, and early data support this assumption [3]. 
High rates of persistent postherniorrhaphy pain may 
be associated with an inflammatory process induced 
by the use of mesh in the repair, and preliminary 
results suggest that the use of lightweight mesh may 
reduce chronic inflammatory pain [17]. 

Table 16.2 Risk factors for persistent postoperative pain

Surgical nerve injury
Continued inflammatory response (e.g. mesh hernia 
 repair)
Pre-existing pain
Severity of postoperative pain
Radiation or chemotherapy postoperatively
Increased baseline pain sensitivity
Genetic predisposition
Psychologic vulnerability
Female gender
Younger age
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of pain intensity following cesarean section [21]. 
Other patient factors have not been predictive of 
postoperative pain, such as pain sensitivity as meas-
ured by pressure algometry [22] or tolerance to 
ice water immersion. Variations in pain sensitivity 
are increasingly attributed to genetic differences in 
both the generation and experiencing of pain. For 
example, functional polymorphisms of catecho-
lamine-O-methyltransferase (COMT) have been 
associated with changes in pain sensitivity, and the 
melanocortin-1 receptor gene that produces red 
hair and freckles has been shown to alter κ-opioid 
analgesia [3]. 

Patient characteristics
There are individual factors that appear to be of 
importance. Women experience more acute and 
chronic pain following thoracic surgery than men 
[23]. After herniorrhaphy, older patients are less likely 
to develop persistent pain [24, 25]. Psychosocial factors 
may also play an important role in the development of 
chronic pain, which is amply documented in chronic 
pain of nonsurgical origin, though less so in persistent 
postsurgical pain. It might be surmised, however, that 
stress, anxiety, fear of pain and the natural tendency to 
associate pain with poor outcome or death might have 
a negative impact on the pain experience, if not on 
pain progression. In one study, persistent functional 
abdominal pain was associated with stress, vulner-
ability and symptoms of psychologic stress after chole-
cystectomy [26]. In another study of lower extremity 
amputees, psychosocial variables predicted phantom 
pain up to 2 years after amputation [27]. 

Common postsurgical pain 
syndromes

Lower extremity amputation
Phantom and stump pain after lower extremity ampu-
tation is well described in both the historic and recent 
literature, making this the best described and recog-
nized of the persistent postsurgical pain syndromes. 
The reported incidence in the literature varies from 
30% to 81% [2]. Incidence data are, of course, deter-
mined by the time point at which they are measured, 
and postamputation pain does tend to decrease over 
the course of the first year after surgery, although it 
may stabilize and persist after this [10, 28]. 

The presence of intense preoperative pain in 
the extremity increases the likelihood of develop-
ing phantom limb pain, according to some studies 
[18, 29]. Probably related to this, postamputation 
pain seems to be more common in amputation for 
cancer rather than trauma [19]. A great deal of excite-
ment was engendered when Bach et al. reported a 
significant decrease in the incidence of phantom 
limb pain attributable to the use of 72 hours dense 
epidural blockade prior to amputation in a quasi-
randomized but small trial [30]. This study strongly 
suggested that “pre-emptive” analgesia worked, at 
least in the case of limb amputation. However, this 
study has been reproduced only once in another 
small quasi-randomized study [31] and in a newer, 
large, truly randomized trial, this observation was not 
confirmed [32]. However, the larger study used pre-
operative epidural treatment for only 18 hours, and 
used less dense blockade. Whether or not dense and 
prolonged neural blockade prior to amputation can 
reduce phantom limb pain remains an open question. 
Little study has been made of the role of anesthetic 
choice (regional versus general) or surgical technique 
on the prevalence of postamputation pain, so no con-
clusions can be made in this respect. 

In addition to preamputation limb pain being a 
strong predictor of postamputation pain prevalence 
and severity, there is also evidence that early postop-
erative limb pain predicts long-term phantom limb 
pain. Stump pain at 1 week is significantly associated 
with phantom pain at 1 week, and persistent stump 
and phantom pain are also closely associated [2]. 
Chemotherapy administration during recovery after 
amputation has been shown to increase the likelihood 
of phantom limb pain [19]. Nerve sheath infusion of 
local anesthetic was shown to decrease the incidence of 
phantom limb pain in one small case series [33] but a 
later small randomized trial failed to confirm this find-
ing [34]. Uncertainty about the benefit of nerve sheath 
infusion remains. Although conceptually, it would 
seem that early treatment of  postamputation pain with 
adjuncts such as anticonvulsants and antidepressants 
might reduce pain persistence, there are virtually no 
published data to support this. 

Breast surgery
The majority of studies of chronic pain following 
breast surgery involve women with cancer. There are 
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also some reports of reasonable quality following 
augmentation mammoplasty or reduction mammo-
plasty. Studies of both cancer surgery and augmenta-
tion mammoplasty document a significant prevalence 
of chronic pain following breast surgery (see Table 
16.1). For women undergoing cancer surgery, there 
are also problems with persistent arm pain following 
axillary dissection. Radiation therapy and chemother-
apy following breast surgery will further increase the 
prevalence of persistent pain [2]. At least one group 
of researchers has noted a decrease in the incidence 
of arm pain and symptoms as surgeons have become 
more careful in the handling of the nerves in the 
axilla [35]. There are now a number of studies dem-
onstrating that axillary sentinel node biopsy is associ-
ated with less persistent pain than a primary axillary 
dissection. One of these is a randomized controlled 
study in which women were randomized to a sentinel 
node study arm or an axillary dissection study arm 
[36]. Women in the sentinel node arm where can-
cer was found in a sentinel node also underwent an 
axillary dissection. Women who did not have cancer 
in the sentinel node were less likely to receive adju-
vant cancer therapy and were significantly less likely 
to develop persistent axillary pain (8% at 24 months) 
compared to those who had a primary axillary dis-
section and adjuvant therapy (39% at 24 months). 
In Table 16.3 the Odds ratios of this study and two 
prospective case series [37, 38] studies are summa-
rized. Women with negative nodes on a sentinel node 
biopsy are significantly less likely to develop arm pain 
and other arm symptoms. Women who underwent 
a secondary axillary node dissection were as likely 
or more likely to develop chronic pain as those who 
underwent a primary axillary node dissection [37].

Breast-conserving surgery has been associated with 
a higher prevalence of chronic pain than simple mas-
tectomy [2] but only in studies where persistent pain 

was assessed as a tertiary, not a primary or  secondary 
outcome, and the association has not been found 
consistently. There are no randomized studies here. 

Recently there have been two randomized 
 controlled studies that looked at the influence of peri-
operative paravertebral blockade on persistent pain 
following breast surgery. Both found a significantly 
lower prevalence of chronic pain in women who 
had the block. One [35] was a follow-up study of 60 
women who had participated in an acute perioperative 
pain study [39]. In this study the prevalence of pain 
at both 6 months and 12 months was significantly 
lower among the women who had received a block 
(17% versus 40% at 6 months, and 7% versus 33% 
at 12 months) . The second study [40] was smaller 
(29 subjects) and involved the placement of a para-
vertebral catheter preoperatively in the patients in the 
treatment arm. This was dosed with 10 ml of 0.25% 
bupivacaine prior to surgery and reinjected every 
12 hours for 48 hours with the same dose. A telephone 
follow-up inquired about pain 3 months following 
surgery (“Do you have chronic pain as a result of your 
breast surgery?”). The paravertebral block group had 
significantly lower pain prevalence at 3 months (0% 
versus 80%). If the 6-month data from the first study 
are combined with the 3-month data from the second 
study then the calculated odds ratio of persistent pain 
in the paravertebral block groups is 0.05 (0.02–0.11). 

There are a number of randomized controlled stud-
ies that have looked at perioperative interventions to 
decrease the prevalence of persistent pain after breast 
surgery. Romundstad et al. [41] compared a single 
dose of methylprednisolone (125 mg) to a single dose 
of parecoxib (40 mg) to placebo in women undergoing 
augmentation mammoplasty. At 12 months the prev-
alence of rest pain in the three groups was 16%, 7%, 
and 16% respectively, with no significant differences. 
Evoked pain was found in 16%, 14%, and 29% respec-
tively, again with no significant differences (P � 0.085). 
The calculated odds ratio and 95% confidence intervals 
for methylprednisolone compared to placebo were 0.49 
(0.30–0.74), and for parecoxib 0.40 (0.25–0.64). 

Fassoulaki and colleagues published two rand-
omized controlled studies of perioperative gabapentin 
[42, 43]. In the first [42], women received gabapentin 
1200 mg per day (400 mg three times a day), starting 
the evening before surgery, or mexiletine 600 mg per 
day (200 mg three times per day) or placebo three 

Table 16.3 Sentinel node compared to primary 
axillary dissection

Sentinel
(only)

Axillary
dissection

Odds 
ratio

95% CI Quality Ref

 8% 31% 0.14 0.09–0.21 RCT 36
16% 50% 0.19 0.15–0.24 CS 37,38

RCT, randomized controlled study; CS, case series.
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times per day. There were no significant differences in 
pain prevalence or intensity, or in analgesic require-
ment at 3 months follow-up, although the character 
of the pain in the control group tended to be burning 
rather than throbbing, aching or stabbing. In the sec-
ond study [43], women undergoing breast cancer sur-
gery received a combination of gabapentin 1600 mg 
per day (400 mg four times a day) for 10 days starting 
the evening before surgery, plus EMLA cream (20 g) 
for 3 days starting the day of surgery, plus intraop-
erative irrigation of the brachial plexus with 10 ml 
of 0.75% ropivacaine. The control group underwent 
placebo administration of each of the interventions. 
This study found significantly decreased pain preva-
lence at both 3-month and 6-month follow-up in the 
intervention group (30% versus 57% at 6 months). 
The calculated odds ratio for pain at 6 months is 0.32 
(0.18–0.62). Whether gabapentin can alter long-term 
pain following breast surgery is not clear, and follow-
up at 12 months and longer is needed. 

Thoracotomy
Persistent pain following thoracotomy may have a 
prevalence as high as 50% [2] and anecdotal reports 
suggest the syndrome is extremely troublesome to 
both patients and surgeons. The prevalence of preop-
erative pain is low (12%), but chronic pain is more 
likely to develop if preoperative pain is present [23]. 

The use of thoracic epidural analgesia with local 
anesthetics has been strongly advocated [44] although 
the data may seem conflicting. There are three rand-
omized controlled trials that look at the effect of add-
ing intraoperative epidural analgesia to postoperative 
epidural analgesia [23, 45, 46] Obata et al. [45] and 
Senturk et al. [46] both found a decreased preva-
lence of pain at 6 months when patients received 
a continuous infusion of local anesthetic starting 
before skin incision in patients undergoing poste-
rolateral thoracotomy (see Table 16.4). In contrast, 

Ochroch et al. [23] did not find a significant effect 
of intra- and postoperative epidural local anes-
thetic versus  postoperative only on a mixed surgical 
 population (32% posterolateral thoracotomy and 
68% muscle-sparing thoracotomy) followed for 48 
weeks. However, Ochroch’s study was powered to 
look for a 10 mm decrease in average pain intensity 
(using a 0–100 mm VAS) rather than looking at per-
sistent pain prevalence. In addition, this study was a 
multifactorial analysis and as such was significantly 
underpowered for showing an overall significant 
effect on  persistent postsurgical pain. The three tri-
als also differed in the local anesthetic used, and in 
the concentration of local anesthetic as well as the 
amount of epidural opioid. 

There has been little effort to assess the role of 
paravertebral blockade on persistent pain after tho-
racotomy, so it is difficult to reach conclusions on 
this intervention. Studies show decreased acute pain 
intensity using perioperative paravertebral blockade 
[47] but with no long-term follow-up. A meta-analy-
sis concluded that paravertebral blockade and thoracic 
epidural analgesia provided equivalent analgesia, but 
paravertebral blockade had a better side effect pro-
file [48]. A randomized controlled trial comparing 
preincision local anesthetic infiltration with saline 
infiltration in patients undergoing posterolateral tho-
racotomy found no difference in acute or chronic pain 
intensity [49]. Pain prevalence data were not reported. 

A subsequent report from Ochroch et al. [50] using 
data from their 2002 study [23] looked at the effect 
of surgical incision type and found that patients who 
underwent posterolateral thoracotomy were more 
limited in their physical activity than those who had 
muscle-sparing incisions, despite no significant differ-
ences in pain prevalence or pain intensity between the 
groups. Previous studies [2] have suggested that inci-
sion type is of importance regarding the prevalence 
of chronic pain, and this is an area that needs further 
investigation.

There are reports that handling of intercostal nerves 
at closure following posterolateral thoracotomy can 
alter the prevalence of persistent pain. When patients 
were randomized (n � 114) to  having the intercos-
tal nerves protected by an intercostal muscle harvest, 
the average intensity of postoperative pain decreased 
acutely and for the 12 weeks of follow-up [51]. Total 
pain prevalence at 12 weeks was not reported, but the 

Table 16.4 Pain prevalence at 6 months following 
thoracotomy, effect of intraoperative local anesthetic

Intra-op � 
post-op

Post-op 
only 

Odds 
ratio

95% CI Quality Ref

38% 65% 0.33 0.22–0.50 RCT 45,46
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prevalence of moderate to severe pain at 12 weeks 
was 22% for the nerve-protected group and 28% for 
the control group (not significant). In a case series 
(n � 280) closure with sutures placed through the 
lower rib rather than under it (where the intercostal 
nerve could be compressed) resulted in significantly 
less intense pain through 3 months follow-up, and 
patients from the control group were more likely to 
use neuropathic pain descriptors on the short form of 
the McGill Pain Questionnaire [52]. Pain prevalence 
data were not reported.

Inguinal hernia repair
There are a number of excellent reviews on posther-
niorrhaphy pain [24, 25, 53]. To date, no differences in 
persistent pain have been found between different anes-
thetic techniques or different postoperative analgesic 
methods [54]. However, a number of studies have 
looked at the effect of different surgical techniques, and 
found differences. These studies include comparison 
of open hernia repair with mesh to laparoscopic repair 
with mesh; the identification and sectioning of major 
nerves compared to preservation of these nerves; the 
use of lightweight mesh compared to regular mesh; 
and the comparison of open mesh repairs to open 
nonmesh repairs. 

Table 16.5 is a summary of the effects of different 
surgical interventions on the probability of persist-
ent pain. These data are presented as odds ratios and 
their 95% confidence intervals. A systematic review 
of nerve preservation compared to sectioning found 
three randomized controlled trials and four cohort 

trials [55]. Intentional sectioning of the ilio-inguinal 
and iliohypogastric nerves did not alter the probability 
of persistent pain following hernia repair at 6 months 
(21% prevalence of pain for nerve sectioning and 23% 
prevalence for nerve preservation). An early systematic 
review comparing open hernia repair to laparoscopic 
repair [56] noted that few studies reported the preva-
lence of chronic pain, and there were no significant 
differences. Two more recent reviews of the same topic 
[57, 58] found a  significant decrease in risk of chronic 
pain with laparoscopic repair (8% prevalence) com-
pared to open mesh repair (13% prevalence). A review 
of open hernia repair using mesh versus not using 
mesh found a lower prevalence of persistent pain 
and a lower hernia recurrence rate with mesh repairs 
[59]. These findings are similar to the findings from a 
Cochrane Database Review [60] in which cumulative 
data revealed a prevalence of 6% for chronic pain fol-
lowing mesh repairs and 10% for open repairs. There 
have been a number of recent randomized controlled 
studies comparing lightweight mesh to standard mesh 
[17, 61] but there has not been a rigorous meta-analy-
sis or systematic review. The combined prevalence of 
chronic pain with lightweight mesh was 27%, while 
with standard mesh it was 33%.

Surgical treatment of chronic pain following hernia 
repair has been reviewed recently [62]. Neurectomy 
of the ilio-inguinal, iliohypogastric, genitofemoral or 
lateral femoral cutaneous nerve was described in 14 
papers, mostly reporting good outcomes. However, 
the reviewers questioned the quality of these stud-
ies in terms of methodology, pre- and intraoperative 
diagnostic criteria and follow-up. They also found 
insufficient data on the effect of removal of mesh or 
staples to make a recommendation on this. Medical 
management of persistent postherniorrhaphy pain is 
limited to a few case reports.

Summary of present evidence 
and its limitations

Now that it is becoming clear that chronic  postsurgical 
pain is more prevalent and troublesome than was once 
thought, it becomes incumbent on those involved in 
surgical care to make efforts to understand, prevent and 
treat the phenomenon. Patient factors, surgical factors, 
and anesthesia/analgesia factors all appear to influence 
the development and degree of postsurgical pain. 

Table 16.5 Surgical options and persistent pain, hernia 
repair

Experimental Control Odds 
ratio

95% CI Quality Ref

Laparoscopic 
repair

Open 
repair

0.56 0.44–0.70 M 57, 58

Lightweight 
mesh

Standard 
mesh

0.67 0.49–0.91 RCT, 2 17, 61

Open mesh Open 
nonmesh

0.63 0.42–0.96 M 77

Nerve 
sectioning

Nerve 
identifi-
cation

1.10 0.76–1.15 M 55

M, meta-analysis; RCT, randomized controlled study.
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With regard to surgical technique, current evidence 
suggests that technique can alter the likelihood of 
developing persistent pain following inguinal hernia 
repair and axillary dissection. For thoracotomy, the 
data are less clear, but early evidence suggests that less 
traumatic surgery and closures that minimize damage 
to intercostal nerves may reduce pain intensity and 
prevalence. There is no evidence to suggest that sur-
gical technique makes a difference to postamputation 
pain. It is interesting that how the major nerves are 
handled has not been formally addressed. Ligatures 
are frequently used around major nerves to control 
bleeding, and this has a striking similarity to at least 
one of the animal models of neuropathic pain [63].

Anesthetic and analgesic interventions have not 
been shown to alter persistent pain following inguinal 
hernia surgery, but the number and quality of stud-
ies are poor. There are good data that paravertebral 
blockade can alter the prevalence of persistent pain 
following breast surgery. Likewise, the data are mod-
erately good regarding the use of intraoperative and 
postoperative epidural analgesia for posterolateral 
thoracotomy. There is still uncertainty about the role 
of anesthetic and analgesic interventions for reducing 
postamputation pain. 

The addition of adjuvant analgesics holds promise 
to decrease the prevalence of persistent pain follow-
ing breast surgery (gabapentin, methylprednisolone, 
parecoxib), but the majority of the studies were for 
only 3–6 months. Evidence is not sufficient to make 
a strong recommendation for use of these agents, but 
trials should now be focused on high-risk popula-
tions, including amputees and patients with severe 
immediate postsurgical pain. Longer term follow-up 
is also needed. 

Author’s recommendations

Current evidence suggests that surgical technique has an 
important role in minimizing persistent pain after sur-
gery, but that specific modifications, such as use of min-
imally invasive and muscle- or nerve-sparing techniques 
and lightweight mesh (for hernia repairs), are needed, 
not simply careful technique. Conduction blockade 
(paravertebral and epidural) is helpful for reducing 
persistent pain in the case of breast surgery and thora-
cotomy. Postoperative adjuvant analgesia should be con-
sidered for patients in high-risk surgical groups. 
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Introduction

Worldwide, 120 million people are estimated to have 
diabetes and this figure is predicted to rise to 221 
million by the year 2010. The total number of peo-
ple with diabetes is projected to rise to 366 million by 
2030, as a result of population growth, urbanization, 
aging, increasing prevalence of obesity and adoption 
of sedentary lifestyles. These figures highlight the 
growing public health burden of diabetes across the 
world, which will inevitably lead to increased mor-
bidity and mortality as a consequence of the rise in 
the complications associated with diabetes.

Diabetic neuropathy is one of the most common 
complications of diabetes and potentially one of the 
most debilitating. The total annual cost of diabetic 
neuropathy and its complications in the USA was esti-
mated in 2003 to be around 12 billion US dollars, and 
up to a third of the direct medical costs of diabetes 
were attributed to diabetic peripheral neuropathy [1]. 

The enormous human and economic costs asso-
ciated with this complication of diabetes make the 
study of the size of the problem, its underlying 
pathophysiologic mechanisms and the application of 
 evidence-based therapeutic approaches of paramount 
importance and a healthcare priority.

Diabetic neuropathy is not a single entity but a het-
erogeneous group of disorders that encompasses a wide 
range of abnormalities. One common classification 

scheme is based on the anatomic distribution and it 
includes two main types: diffuse neuropathy and focal 
neuropathies. The most common diffuse neuropathy in 
patients with diabetes is chronic distal symmetric sen-
sorimotor polyneuropathy, affecting predominantly the 
feet and lower legs, but progressively becoming more 
proximal with time and duration of diabetes, evolving 
in a symmetric pattern from the most distal extremities 
to more proximal areas, in a “glove and stocking” distri-
bution. This type of neuropathy can predispose to the 
development of neuropathic foot ulceration, can cause 
neuropathic pain or can be associated with both. 

Sensorimotor neuropathy affects large and small 
afferent nerve fibers to varying degrees, resulting in 
mixed symptoms and sensory loss. Its onset is usually 
insidious and can sometimes be one of the present-
ing features in patients with type 2 diabetes mellitus. 
It may be asymptomatic and discovered incidentally 
on routine clinical examination or it may manifest 
with a variety of sensory symptoms mainly in the 
lower limbs and, in more severe cases, in the fingers 
and hands. 

The character of pain in diabetic neuropathy can be 
highly diverse with patients tending to have a variety of 
symptoms (Table 17.1), which can also vary in nature 
over time. Pain is often worse at night or may be exacer-
bated when tired or stressed. Many patients with neuro-
pathic pain exhibit persistent or paroxysmal pain that is 
independent of a stimulus, and can be shooting, lancinat-
ing or burning. On the other hand, patients may experi-
ence stimulus-evoked pain which has two key features: 
hyperlagesia (increased pain response to a suprathreshold 
noxious stimulus, far beyond that of a normal response) 
and allodynia (pain elicited by a non-noxious stimulus). 

Evidence-Based Chronic Pain Management. Edited by 
C. Stannard, E. Kalso and J. Ballantyne. © 2010 Blackwell 
Publishing.
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Epidemiology and natural history 
of chronic painful diabetic 
neuropathy

Estimates of the prevalence of chronic painful 
 diabetic neuropathy (CPDN) vary substantially. In 
a hospital diabetic clinic population, 8% of patients 
had typical lower limb neuropathic symptoms, over 
twice that of a control group [2]. One study found 
that 11% of insulin-treated patients aged 15–59 
years had painful symptoms [3] while another 
reported that 20% of patients with type 2 diabetes 
had neuropathic pain after 10 years of diabetes [4], 
although details of pain duration and severity were 
not given. 

In a community-based study of patients with type 
1 and 2 diabetes attending primary or secondary 
care clinics [5], using a structured questionnaire and 
examination, 350 people with diabetes were assessed 
and compared with 344 age- and sex-matched con-
trols from the same locality. This is the largest study 
to date in which well-defined criteria of painful dia-
betic neuropathy and validated measures of pain 
severity and quality have been used, giving a better 
representation of the extent of the problem in the 
population with diabetes in the community. The 
estimated prevalence of chronic (�1 year’s duration) 
painful diabetic neuropathy was 16.2% compared 
with 4.9% in the control sample. Pain was present 
across all age ranges and was equally common in 
those attending either hospital or community clin-
ics. It was also revealed that CPDN was severe, fre-
quently under-reported and undertreated in people 
with diabetes [5].

There is limited information regarding the natural 
history of painful neuropathy. Some longitudinal studies 

have shown a general tendency for painful neuropathic 
symptoms to improve [6–10] but  others have found 
no change [11–13]. These conflicting results can be 
explained by the inclusion of patients with short dura-
tion of pain and with varying neuropathic syndromes 
which are known to have different prognoses [14]. Only 
three previous studies have concentrated on patients 
with neuropathic pain for over 6 months [9–11]. 

Pathogenesis of neuropathic 
pain in chronic pain diabetic 
neuropathy

Data from basic research indicate that multiple patho-
physiologic mechanisms may underlie neuropathic 
pain and that different mechanisms may co-exist in 
a single patient and perhaps change over time [15]. 
There is considerable agreement that both periph-
eral and central processes contribute to the chronic 
neuropathic pain in CPDN, and that these different 
mechanisms may explain the qualitatively different 
symptoms and signs that patients experience [16]. 

There is now mounting evidence that not only the 
damaged neurones but also the altered properties of 
the nondamaged sensory neurones projecting into 
damaged neurons play a crucial role in the generation 
of neuropathic pain. However, the precise nature of 
the mechanisms underlying these changes remains to 
be fully elucidated [17]. 

At the molecular level, some of the important 
changes that occur and may contribute to the gen-
eration and maintenance of chronic neuropathic pain 
can be summarized as follows [18]:

abnormal expression of sodium channels in the 
periphery
increased activity at glutamate receptor sites
reduction of GABA inhibition 
alteration of calcium influx into cells [19].

Therapies for painful diabetic 
neuropathy

Drug treatments currently used in the management 
of painful diabetic neuropathy are not neuroprotec-
tive and neither do they restore nerve damage but are 
aimed simply at relieving the patients’ symptoms and 
improving their functioning and quality of life. There 
is no single therapy that will benefit all patients with 

•

•
•
•

Table 17.1 Symptoms commonly reported by patients 
with painful diabetic neuropathy

Burning 
Shooting, lancinating 
Pins and needles, tingling 
Hot or cold sensations in the feet
Aching, cramping 
Itching, numbness
“Walking on marbles”
Irritation of feet by bedclothes
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painful neuropathy, and there are few data comparing 
drug classes or examining combinations of drugs and 
most trials are of short duration. 

Glycemic control
An abundance of evidence supports the importance 
of tight glycemic control in the prevention of diabetic 
complications, including diabetic neuropathy [20, 21]. 
It is possible that maintenance of stable blood glucose 
control is also important [22] so optimal glycemic 
control should always be the goal when managing the 
patient with CPDN.

Antidepressants

Tricyclic antidepressants (TCAs)
Tricyclic antidepressants remain the best studied class 
of drugs used in the management of neuropathic pain 
in general and for the management of painful diabetic 
neuropathy in particular [23, 24]. A number of ran-
domized, double-blinded, placebo-controlled trials 
have demonstrated their efficacy and relatively good 
safety profile. Their main mode of action appears to 
involve inhibition of norepinephrine and serotonin 
reuptake at the neuronal synapse, therefore inhibiting 
transmission of pain.

Of the tricyclic agents, amitriptyline and imi-
pramine remain the mainstay of treatment in CPDN. 
The main side effects of TCAs are mainly anticholin-
ergic and include dry mouth, blurred vision, sedation, 
constipation, urinary hesitancy, postural dizziness, 
and prolongation of electrocardiographic QT inter-
val. Their use requires caution in patients with glau-
coma, elderly male patients with possible underlying 
prostate hypertrophy and patients with underlying 
cardiac disease and cardiac arrhythmias. 

In a randomized, double-blind cross-over study, 
29 patients with painful diabetic neuropathy received 
6 weeks of amitriptyline and 6 weeks of an “active” 
placebo [25]. Amitriptyline was superior to placebo in 
relieving pain from week 3 through to week 6. Patients 
who were able to tolerate higher amitriptyline doses 
reported greater relief, through the maximum dose of 
150 mg at night. The analgesic effect of amitriptyline 
was independent of its antidepressant effects [25]. 

Twelve patients with severe, painful diabetic neu-
ropathy were treated with imipramine and placebo 
in a fixed-dose, double-blind, cross-over study of 

5 plus 5 weeks [26]. Seven patients experienced 
notable improvement while receiving imipramine 
and none while receiving placebo. The rating of spe-
cific symptoms at the end of each treatment period 
showed a beneficial effect of imipramine on pain, 
paresthesia, dysesthesia, numbness and nocturnal 
exacerbation [26]. 

Desipramine, a selective noradrenaline reuptake 
inhibitor and a metabolite of imipramine, has 
been shown to be effective as an alternative therapy 
[27– 29], having fewer anticholinergic side effects 
with fewer sedative effects than amitriptyline or imi-
pramine but is now no longer available in the UK. 

Two randomized, double-blind, cross-over studies in 
patients with painful diabetic neuropathy were carried 
out comparing amitriptyline with the relatively selec-
tive norepinephrine reuptake inhibitor desipramine 
in 38 patients, and comparing the selective blocker 
of serotonin reuptake fluoxetine with placebo in 46 
patients [29]. Fifty-seven patients were randomly 
assigned to a study as well as to the order of treatment, 
permitting comparison among all three drugs and 
placebo as the first treatment. Both amitriptyline and 
desipramine were superior to placebo. Fluoxetine was 
effective only in depressed patients, unlike amitriptyl-
ine and desipramine that were effective in both 
depressed and nondepressed patients [29]. 

A double-blind, cross-over controlled clinical trial 
on the efficacy of a nortriptyline-fluphenazine com-
bination was carried out in patients with painful dia-
betic polyneuropathy [30]. Significant relief of both 
pain and paresthesia was obtained with this combina-
tion. The differences were statistically significant. Side 
effects were frequent but not usually severe enough to 
lead to cessation of these medications [30]. 

In another systematic review of antidepressant 
usage in painful diabetic neuropathy, number needed 
to treat (NNT) to achieve at least 50% pain relief for 
TCAs was reported as 3.5 [23] and 2.6 by another 
group, although this did include one nondiabetic 
neuropathic trial [31]. 

In order to evaluate which antidepressant is more 
effective and what role the newer antidepressants 
can play in treating neuropathic pain, a Cochrane 
Collaborative systematic review was carried out of 
randomized trials of antidepressants in neuropathic 
pain [32]. Fifty trials of 19 antidepressants were con-
sidered eligible (2515 patients) for inclusion, including 
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five trials for diabetic neuropathy. The NNT for effec-
tiveness of antidepressants in CPDN was 1.3 (95% 
confidence interval (CI) 1.2�1.5), relative risk (RR) 
12.4 (95% CI 5.2�29.2). The best evidence available 
was for amitriptyline. There were only limited data for 
the effectiveness of SSRI, therefore it was not possible 
to identify the most effective antidepressant; this ques-
tion will probably be answered only after more studies 
of SSRIs in CPDN are conducted [32]. 

Selective serotonin reuptake inhibitors (SSRIs)
Overall, there is limited evidence for the efficacy of 
these drugs in clinical trials [23]. The effect of the SSRI 
paroxetine at a fixed dose of 40 mg daily on diabetic 
neuropathy symptoms was examined in comparison 
to imipramine and placebo in one randomized, dou-
ble-blind, cross-over study [33]. Paroxetine signifi-
cantly reduced the symptoms of neuropathy but was 
somewhat less effective than imipramine. No patients 
on paroxetine dropped out due to side effects and no 
withdrawal symptoms were reported, unlike the imi-
pramine-treated group in which five patients discon-
tinued the study because of intolerable side effects and 
4/19 patients completing the study reported withdrawal 
symptoms after discontinuing imipramine [33]. 

The effect of the SSRI citalopram at a fixed dose of 
40 mg daily on diabetic neuropathy symptoms was 
examined in a double-blind, placebo-controlled, cross-
over study for two 3-week periods [34]. Citalopram 
significantly relieved the symptoms of neuropa-
thy in comparison with placebo. Two of 17 patients 
in the study, both receiving citalopram, had to drop 
out because of side effects. Side effect ratings were 
significantly higher during administration of citalo-
pram than placebo, but citalopram was generally well 
tolerated. 

Another SSRI, fluoxetine, has not been shown to be 
superior to placebo in one study [29]. 

Serotonin-norepinephrine reuptake
inhibitors (SNRIs)
Venlafaxine extended release
Venlafaxine extended release (ER) is a SNRI which 
has recently been investigated in CPDN. One multi-
center, double-blind, randomized, placebo-control-
led study included 244 patients with painful diabetic 
neuropathy and examined the efficacy and safety of 
6 weeks of venlafaxine ER (75 mg and 150–225 mg) 

treatment [35]. Baseline pain intensity was 68.7 mm 
(moderately severe). At week 6, the percentage reduc-
tion from baseline in VAS pain intensity was 27% 
(placebo), 32% (75 mg), and 50% (150�225 mg; 
P � 0.001 versus placebo). Mean VAS pain relief scores 
in the 150 – 225 mg group were significantly greater 
than placebo at week 6 (44 versus 60 mm; P � 0.001). 
The NNT for 50% pain intensity reduction with venla-
faxine ER 150 – 225 mg was 4.5 at week 6. Nausea and 
somnolence were the most commonly reported adverse 
events. Seven patients on venlafaxine had clinically 
important ECG changes during treatment. The NNT 
value for higher dose venlafaxine ER was comparable 
to those of tricyclic antidepressants and the anticon-
vulsant gabapentin [35]. 

In another randomized, double-blind, placebo-
controlled, three-way cross-over study, the effi-
cacy of venlafaxine over placebo was examined and 
compared to imipramine [36]. Forty patients were 
assigned to one of the treatment sequences each of 
4 weeks duration, and 29 completed all three studies, 
15 of whom had CPDN. The daily doses were ven-
lafaxine 225 mg and imipramine 150 mg. The sum 
of the individual pain scores during treatment week 
4 was lower on venlafaxine (80% of baseline score; 
P � 0.006) and imipramine (77%; P � 0.001) than 
on placebo (100%) and did not show any statisti-
cal difference between venlafaxine and imipramine 
(P � 0.44). NNT to obtain one patient with moder-
ate or better pain relief were 5.2 for venlafaxine and 
2.7 for imipramine [36]. 

Although venlafaxine appears to be effective in the 
relief of symptoms associated with CPDN and has a 
relatively safe side effect profile, its use can only be sup-
ported in cases where other first-line treatments have 
failed to produce clinically significant improvements at 
maximally tolerated doses, at least until further studies 
with larger numbers of patients with CPDN are con-
ducted. One of its main benefits is certainly the once-
daily dosing schedule of its ER preparation.

Duloxetine
Duloxetine is a balanced and potent dual SNRI; it lacks 
other significant receptor or channel activities and neu-
roprotective properties [37]. Serotonin and norepine-
phrine are thought to inhibit pain by  interfering with 
descending pain inhibition pathways of the brainstem 
and spinal cord [37].
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In a 12-week, multicenter, double-blind study, 457 
patients experiencing pain due to diabetic polyneu-
ropathy were randomly assigned to treatment with 
duloxetine 20, 60, 120 mg daily or placebo [38]. 
Duloxetine 60 and 120 mg daily demonstrated statisti-
cally significant greater improvement compared with 
placebo on the 24-h average pain score, beginning 1 
week after randomization and continuing through 
the 12-week trial. Duloxetine treatment was consid-
ered to be safe and well tolerated with less than 20% 
discontinuation due to adverse events [38]. 

In another multicenter, parallel, double-blind, ran-
domized, placebo-controlled trial, 348 patients with 
pain due to diabetic peripheral neuropathy without co-
morbid depression were randomly assigned to receive 
duloxetine 60 mg once daily, duloxetine 60 mg twice 
daily or placebo, for 12 weeks [39]. Compared with pla-
cebo-treated patients, both duloxetine-treated groups 
improved significantly more (P � 0.001) on the 24-h 
average pain score. Duloxetine demonstrated superior-
ity to placebo in all secondary analyses of the primary 
efficacy measure and in most secondary measures for 
pain. Discontinuations due to adverse events were more 
frequent in the duloxetine 60 mg bd (12.1%) than the 
placebo-treated (2.6%) group. Duloxetine showed no 
adverse effects on diabetic control, and both doses were 
safely administered and well tolerated [39].

Similar findings were reported in an independent 
confirmatory study conducted to assess the efficacy 
and safety of duloxetine in CPDN [40]. Duloxetine 
60 mg od and 60 mg bd demonstrated improvement 
in the management of CPDN and showed rapid onset 
of action, with separation from placebo beginning at 
week 1 on the 24-h average pain severity score. For all 
secondary measures for pain (except allodynia), mean 
changes showed an advantage of duloxetine over pla-
cebo, with no significant difference between 60 mg od 
and 60 mg bd. Clinical Global Impression of Severity 
and Patient’s Global Impression of Improvement 
evaluation demonstrated greater improvement in 
duloxetine- than placebo-treated patients. Duloxetine 
showed no notable interference with diabetic control, 
and both doses were safely administered [40].

Comparison of antidepressants 
and antiepileptic drugs
In a systematic review of randomized controlled trials to 
evaluate the effectiveness and safety of antidepressants, 

21 placebo-controlled treatments in 17 randomized 
controlled trials were included, involving 10 antidepres-
sants used for a variety of neuropathic pain syndromes 
including CPDN [41]. The main outcomes were global 
judgments, pain relief or reduction in pain intensity of 
more than 50% from baseline, and information about 
minor and major adverse effects. In six of 13 diabetic 
neuropathy studies the odds ratios showed significant 
benefit compared with placebo. The combined odds 
ratio was 3.6 (95% CI 2.5 – 5.2), with a NNT for ben-
efit of 3 (2.4 – 4). There were fewer than 200 patients 
in total with CPDN included in these studies, and no 
single study had enrolled more than 50 patients. Across 
all pain syndromes included in the review, compari-
sons of TCAs did not show any significant difference 
between them; they were significantly more effective 
than benzodiazepines in the three comparisons avail-
able. Paroxetine and mianserin were less effective than 
imipramine. Overall, antidepressants were effective in 
relieving neuropathic pain compared with placebo. 

In a systematic review to determine the relative effi-
cacy and adverse effects of antidepressants and anti-
convulsants in the treatment of diabetic neuroapathy 
and postherpetic neuralgia, 16 reports on painful 
diabetic neuropathy compared antidepressants with 
placebo (491 patient episodes) and three compared 
anticonvulsants with placebo (321) [23]. The NNT for 
at least 50% pain relief with antidepressants was 3.4 
(95% CI 2.6–4.7) and with antiepileptic drugs 2.7 (2.2–
3.8). Antidepressants and antiepileptic drugs had the 
same efficacy and incidence of minor adverse effects in 
these two neuropathic pain conditions. There was no 
evidence that SSRIs were better than older antidepres-
sants, and no evidence that gabapentin was better than 
older antiepileptic drugs. In these trials patients were 
more likely to stop taking antidepressants than antiepi-
leptic drugs because of adverse effects [23].

Antiepileptic drugs

Gabapentin
Gabapentin, a second-generation antiepileptic agent 
licensed for use in the management of partial seizures, 
has found over the last decade application in the 
management of neuropathic pain, including chronic 
pain associated with CPDN. Gabapentin is one of 
the few drugs licensed in the UK with an indication 
specifically for treatment of neuropathic pain.
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Gabapentin is structurally related to γ-aminobu-
tyric acid (GABA) but does not appear to bind to its 
receptors. Its proposed mechanism of action involves 
binding to the α2δ-1 subunit of voltage-gated calcium 
channels and modulation of the release of excitatory 
neurotransmitters.

In an 8-week, randomized, double-blind, placebo-
controlled trial, involving 165 patients with CPDN, 
gabapentin-treated patients had significantly lower 
mean daily pain scores compared with placebo [42]. 
Improvement was also shown in a number of second-
ary measures such as sleep interference scores, the 
Short-Form McGill Pain Questionnaire scores, Patient 
Global Impression of Change and Clinical Global 
Impression of Change, the Short-Form 36 Quality of 
Life Questionnaire scores, and the Profile of Mood 
States. These results were achieved by titrating gabap-
entin from 900 to 3600 mg daily or to the maximum 
tolerated dosage. The main side effects experienced by 
patients included dizziness, somnolence and confu-
sion. The NNT for 50% pain relief in this study was 
3.7 [31]. Another small-scale RCT study with gabap-
entin titrated only to a maximum dose of 900 mg daily 
failed to demonstrate superiority over placebo [43].

In a randomized, double-blinded, double-dummy, 
cross-over study comparing the efficacy of gabapen-
tin (900–1800 mg daily) with amitriptyline (25–75 mg 
daily), no advantage of gabapentin over amitriptyl-
ine was shown [44]. The total number of patients 
experiencing any adverse event was similar in both 
groups, but the frequency with which weight gain 
was encountered as a side effect was higher in the 
amitriptyline group. 

In another small 12-week, open-label, prospective, 
randomized trial comparing the efficacy and tolerabil-
ity of gabapentin and amitriptyline monotherapy in 
CPDN, 25 patients were randomized to receive either 
gabapentin, titrated from 1200 mg/day to a maximum 
of 2400 mg/day, or amitriptyline, titrated from 30 mg/
day to a maximum of 90 mg/day [45]. Both drugs 
were titrated over a 4-week period and maintained at 
the maximum tolerated dose for 8 weeks. Gabapentin 
produced greater improvements than amitriptyline 
in pain and paresthesia [45]. Additionally, gabapen-
tin was better tolerated than amitriptyline. Adverse 
events were more frequent in the amitriptyline group 
than in the gabapentin group. Side effects were the 
main limiting factor preventing dose escalation [45].

A systematic review of the literature involving both 
controlled and uncontrolled studies of gabapentin 
used in a variety of neuropathic pain conditions, 
including CPDN, has suggested that effectiveness may 
be reduced if one limits administration of the drug to 
very low doses (�1800 mg daily), whereas rapid dose 
escalation may be associated with increased central 
nervous system side effects such as dizziness, somno-
lence, headache and confusion [46].

In a more recent and similar review of the evi-
dence supporting the use of gabapentin in the 
treatment of adults with varying neuropathic pain 
syndromes including CPDN, titration to 1800 mg 
daily was recommended for greater efficacy and 
doses up to 3600 mg daily were found to be needed 
in many patients [47]. Therefore, although the max-
imum licensed dose (for pain) in the UK is 1800mg 
per day, it may be necessary to use a higher dosage 
(providing it is tolerated) to improve efficacy.

Pregabalin
Pregabalin is another second-generation antiepilep-
tic drug that has recently been licensed in the UK 
for the treatment of neuropathic pain conditions, 
including CPDN. Pregabalin, like gabapentin, is an 
analog of the neurotransmitter GABA but it does 
not appear to exert its action through binding of 
the GABA receptors. Its proposed mechanism of 
action involves binding with high affinity to the α2δ 
subunit of voltage-gated calcium channels, thereby 
reducing the release of excitatory neurotransmitters.

A number of studies have explored the efficacy 
of pregabalin in CPDN. One hundred and forty-six 
(146) patients were randomized to receive placebo 
(n � 70) or pregabalin at a fixed dose of 300 mg/
day (n � 76) for 8 weeks [48]. Pain relief and 
improved sleep began during week 1 and remained 
significant throughout the study (P � 0.01). A 
total of 40% of the pregabalin-treated patients 
reported at least 50% reduction in pain scores 
compared with only 14.5% in the placebo group. 
Pregabalin was well tolerated despite a greater 
incidence of dizziness and somnolence than pla-
cebo. Most adverse events were mild to moderate 
and did not result in withdrawal [48]. 

In another study, 338 patients with a 1–5-year his-
tory of CPDN and average weekly pain scores �4 
on an 11-point numeric pain-rating scale were 
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enrolled in a 5-week, double-blind, multicenter, 
placebo-controlled study [49]. Patients were rand-
omized to receive one of three doses of pregabalin 
or placebo three times daily. Patients in the 300 mg 
and 600 mg/day pregabalin groups showed improve-
ments in endpoint mean pain score (primary efficacy 
measure) versus placebo (P � 0.0001), but no effect at 
75 mg daily. Improvements were also seen in weekly 
pain scores, Sleep Interference Score, Patient Global 
Impression of Change, Clinical Global Impression of 
Change, SF McGill Pain Questionnaire, and multiple 
domains of the SF-36 Health Survey. Improvements in 
pain and sleep were seen as early as week 1 and were 
sustained throughout the 5 weeks [49].

Another relatively short-duration (6 weeks), ran-
domized, double-blind, multicenter study enrolled 
246 men and women with painful diabetic neuropa-
thy who received pregabalin (150 or 600 mg/day) or 
placebo [50]. Pregabalin 600 mg/day significantly 
decreased mean pain score to 4.3 (versus 5.6 for pla-
cebo, P � 0.0002) and increased the proportion of 
patients who had a greater than 50% decrease in 
pain from baseline (39% versus 15% for placebo, 
P � 0.002). Pregabalin also significantly reduced sleep 
interference, past week and present pain intensity, sen-
sory and affective pain scores. More patients receiving 
pregabalin 600 mg/day than placebo showed improve-
ment, as rated on the Clinical and Patient Global 
Impression of Change scales. Pregabalin 150 mg/day 
was essentially no different from placebo. Dizziness 
was the most commonly reported side effect [50]. 

Another 12-week randomized, double-blind, multi-
center, placebo-controlled, parallel-group study evalu-
ated the efficacy and safety of pregabalin in patients 
with chronic postherpetic neuralgia or CPDN [51]. 
Patients were randomized to placebo (n � 65) or to 
one of two pregabalin regimes: a flexible schedule of 
150, 300, 450, and 600 mg/day with weekly dose escala-
tion based on patients’ individual responses and toler-
ability (n � 141) or a fixed schedule of 300 mg/day for 
1 week followed by 600 mg/day for 11 weeks (n � 132). 
Both regimes significantly reduced mean pain scores 
versus placebo (P � 0.002, P � 0.001) and were supe-
rior to placebo in improving pain-related sleep inter-
ference (P � 0.001). The most commonly reported 
adverse events for pregabalin-treated patients were diz-
ziness, peripheral edema, weight gain and somnolence, 
and appeared to be dose dependent [51]. 

From the above studies, it has become appar-
ent that pregabalin is effective for the treatment of 
neuropathic pain associated with diabetic neuropathy 
but not at all doses. Pregabalin administered at a dosage 
of 75 mg or 150 mg daily does not produce significant 
clinical improvement in patients with CPDN compared 
with placebo. Higher doses (300–600 mg/day) can show 
clinical efficacy even within 1 week of initiation of treat-
ment. The dosing schedule used in three of the trials 
described above was three times daily and only in one 
of the major trials was a twice-daily regime chosen [51]. 
Moreover, pregabalin similarly to gabapentin, has dem-
onstrated efficacy in improvement of a number of sec-
ondary endpoints such as sleep interference SF-McGill 
pain scores and SF-36 Health Survey scores. In view of 
the relatively short duration of the trials conducted so 
far, there are no long-term data that show durability of 
the effects of pregabalin over a longer period of time.

Like gabapentin, pregabalin is also renally excreted 
and dose reduction is required in patients with renal 
impairment. Otherwise, there are limited clinically 
significant interactions with other classes of drugs 
and there is no evidence of hepatic metabolism or 
interference with the P450 cytochrome system.

Topiramate 
This is another newer generation antiepileptic drug 
that has also been investigated in CPDN. It may exert 
its analgesic actions via several potential mecha-
nisms; it has been proposed that this agent blocks 
α-amino-3-hydroxy-5-methylisoxazole-4-propionic 
acid (AMPA) glutamate receptors, and interferes with 
depolarization of voltage-activated sodium channels 
and with calcium influx into cells [52].

In order to evaluate the efficacy and tolerability of 
topiramate in painful diabetic neuropathy, patients with 
moderate to extreme pain were randomized to placebo 
or topiramate (100, 200 or 400 mg/day) in three simi-
lar double-blind trials involving a total of 1259 patients 
[53]. The primary efficacy endpoint was pain reduction 
from final visit to baseline on the 100 mm VAS for the 
intention-to-treat populations. After 18–22 weeks of 
double-blind treatment, although reductions in pain 
scores were numerically greater with topiramate in two 
studies, the differences between topiramate and placebo 
in VAS scores or in the secondary efficacy endpoints 
did not reach statistical significance in any of the three 
 studies. Across all tudies, 24% of topiramate-treated 
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patients and 8% of placebo-treated patients discon-
tinued due to adverse events with no difference in the 
occurrence of serious adverse experiences [53]. 

Another independent placebo-controlled trial 
used different methodology to assess the efficacy and 
tolerability of topiramate in CPDN [54]. This was a 
12-week, multicenter, randomized, double-blinded 
trial that included 323 subjects with CPDN and pain 
VAS score of at least 40 on a scale from 0 (no pain) 
to 100 (worst possible pain). Topiramate (n � 214) 
or placebo (n � 109) was titrated to 400 mg daily 
or to the maximum tolerated dose. Twelve weeks of 
topiramate treatment reduced pain VAS score more 
effectively than placebo (P � 0.038). Fifty percent 
of topiramate-treated subjects and 34% of placebo-
treated subjects responded to treatment, defined 
as �30% reduction in pain VAS score (P � 0.004). 
Topiramate monotherapy also reduced worst pain 
intensity and sleep disruption. Diarrhea, loss of 
appetite, and somnolence were the most commonly 
reported adverse events in the topiramate group. 
Overall, 48% of patients withdrew in the active group, 
nearly half being due to adverse events including gas-
trointestinal symptoms and somnolence but also 
some due to cognitive dysfunction.

It was also noted that the topiramate-treated group 
experienced a more significant reduction in body 
weight than the placebo group (�2.6 versus �0.2 kg 
weight loss for placebo; P � 0.001), an effect believed 
to be mediated through the carbonic anhydrase prop-
erties of topiramate. 

Because the bulk of evidence suggests no benefit 
from topiramate at better tolerated doses of 100 mg/
d and 200 mg/d, and evidence regarding higher doses 
is conflicting, topiramate is unlikely to have a useful 
role in the management of CDPN. 

Lamotrigine
Lamotrigine, another newer antiepileptic agent, is 
believed to exert its antiallodynic effects by blocking 
sodium channels in a use-dependent manner, thereby 
limiting spontaneous firing, and by inhibiting the 
release of glutamate and aspartate, well-characterized 
excitatory neurotransmitters [55]. 

In one small study a total of 59 patients were ran-
domly assigned to receive either lamotrigine (titrated 
from 25 to 400 mg/day) or placebo over a 6-week period 
[56]. The primary outcome measure was reduction 

in pain intensity. Eighty-three percent of patients 
receiving lamotrigine and 73% receiving placebo 
completed the study. Daily pain score in the lamot-
rigine-treated group was reduced from 6.4 �/� 0.1 to 
4.2 �/� 0.1 and in the control group from 6.5 �/� 0.1 
to 5.3 �/� 0.1 (P � 0.001 for lamotrigine doses of 200, 
300, and 400 mg). Secondary efficacy measures remained 
unchanged. The global assessment of efficacy favored 
lamotrigine treatment over placebo, and the adverse 
events profile was similar in both groups [56]. 

In two other relatively large replicate, randomized, 
double-blind, placebo-controlled studies, lamot-
rigine was inconsistently effective for pain associ-
ated with diabetic neuropathy but was generally safe 
and well tolerated [57]. Patients (n � 360 per study) 
with painful diabetic neuropathy were randomized 
to receive lamotrigine 200, 300 or 400 mg daily or 
placebo during the 19-week treatment phase, includ-
ing a dose escalation and fixed-dose maintenance 
phase. The mean reduction in pain intensity score 
from baseline to week 19 (primary endpoint) was 
greater in patients receiving lamotrigine 400 mg than 
placebo in only one of the two studies. Lamotrigine 
200 and 300 mg did not significantly differ from pla-
cebo at week 19 in either study. Lamotrigine 300 and 
400 mg were only occasionally more effective than 
placebo for secondary efficacy endpoints. Adverse 
events were reported more frequently in the lamot-
rigine-treated patients compared with placebo. The 
most common adverse events with lamotrigine were 
headache and rash. 

Given the limited efficacy and the need for very 
slow dose escalation and potential for severe, life-
threatening side effects, lamotrigine cannot be 
recommended for CPDN except in exceptional 
circumstances. The manufacturer has reached the 
same conclusion and announced it will not pur-
sue further development and study of the drug in 
CDPN [57].

Carbamazepine
Carbamazepine use is nowadays limited in the man-
agement of painful diabetic neuropathy in the UK. 
Older studies [58–61] found that carbamazepine was 
beneficial in one study, although the patients had 
a variety of neuropathic syndromes [58], two were 
not RCT [60, 61] and the fourth was very brief [59].
The NNT for the positive study [58] was 3.3.[62].
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Oxcarbazepine
More recently oxcarbazepine, another novel antie-
pileptic agent, has been evaluated in the management 
of neuropathic pain [63, 64]. Oxcarbazepine has been 
developed through structural modification of the car-
bamazepine molecule with the intention of avoiding 
metabolites causing side effects, and significant dif-
ferences have emerged between the two drugs. The 
mechanism of action of oxcarbazepine involves mainly 
blockade of sodium currents but differs from car-
bamazepine by modulating different types of calcium 
channels [65]. Its potential advantages include a better 
safety profile with apparently fewer adverse events.

In one multicenter, placebo-controlled trial involv-
ing 146 patients, oxcarbazepine was initiated at a 
dose of 300 mg/day and titrated to a maximum dose 
of 1800 mg/day (66). After 16 weeks, oxcarbazepine-
treated patients experienced a significantly larger 
decrease in the average change in VAS score from 
baseline compared with placebo (p � 0.01). A reduc-
tion in mean VAS score occurred as early as week 2 
of the study. Global assessment of therapeutic effect 
rating was improved in more oxcarbazepine patients 
than placebo and patients on oxcarbazepine expe-
rienced better quality of sleep. Most adverse events 
were mild to moderate in severity and transient (66).

In another multicenter, double-blind, placebo-
controlled, 16-week study, a total of 141 patients with 
CPDN were randomized to oxcarbazepine (1200 mg/
day) (n � 71) or placebo (n � 70) [67]. The reduc-
tion in mean VAS score from baseline to the last study 
week (primary efficacy point) was similar between 
the oxcarbazepine and placebo groups. The majority 
of adverse events were mild to moderate in severity 
and resolved over the course of the study [67]. 

As part of a multicenter, double-blind, placebo-
controlled, dose-ranging 16-week study, a total of 347 
patients were randomized to oxcarbazepine 600 mg/day 
(n � 83), 1200 mg/day (n � 87), 1800 mg/day (n � 88) 
or placebo (n � 89) [68]. No difference between 
any oxcarbazepine group and the placebo group was 
noted for the primary efficacy variable (change in 
mean VAS score from baseline to the last week of the 
study). Statistically significant differences were found 
between the oxcarbazepine 1200 mg/day (P � 0.038) 
and 1800 mg/day (P � 0.005) groups and placebo 
in the overall mean weekly VAS scores for the entire 
double-blind treatment phase. Although the primary 

efficacy variable did not reach statistical significance, 
patients taking oxcarbazepine 1200 and 1800 mg/day 
did show improvements in VAS scores compared with 
placebo.

Lacosamide
Lacosamide is a novel antiepileptic drug known to pro-
duce a reduction in neuronal discharge and synaptic 
excitability in experimental models of epilepsy through 
an unknown mechanism. In the first Phase II rand-
omized, placebo-controlled, parallel-group study, in 119 
patients with CPDN of a mean duration of over 3 years, 
pain reduction was reported as significantly greater by 
patients on the active drug when compared to placebo 
[69]. The stable maintenance period on 400 mg/day 
was limited to 4 weeks, with a 3-week uptitration and 1 
week tapering phase. Due to the relatively small number 
of patients entered into the study, the primary inten-
tion-to-treat efficacy analysis was based on last obser-
vation carried forward (LOCF) population. Progressive 
reduction of the VAS scores from 6.6 (1.6) to 3.7 (2.6) 
in patients on active medication versus reduction of 
6.5 (1.7) to 4.5 (2.6) in patients on placebo provided 
a treatment difference of 0.9 (P � 0.039). Treatment 
emergent adverse effects were mostly mild or moder-
ate with some central nervous system related (dizziness, 
nausea and anxiety) more common during lacosamide. 
Despite borderline efficacy, its relative tolerability asso-
ciated with probably a novel mode of action, different 
from those of other antiepileptic drugs, suggests larger 
trials are warranted [69].

Other antiepileptic drugs
Older studies in CPDN of phenytoin, clonazepam 
and sodium valproate have been reported, but only 
two have been randomized placebo-controlled trials, 
with conflicting results [24]. A NNT of 2.1 has been 
reported for phenytoin [62]. A more recent, 4-week, 
relatively small randomized, placebo-controlled study 
of sodium valproate found it was more effective than 
placebo at reducing pain [70]. Similar results were 
found by the same group in a separate 3-month study 
of equivalent size [71].

There are few data directly comparing antidepres-
sants and antiepileptic agents [72] although separate 
reviews suggest that there are few differences in anal-
gesic efficacy or side effects [41, 62]. This has been 
confirmed more recently [23].
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Antiarrhythmic agents

Lidocaine and mexiletine
Intravenous lidocaine has been shown to be benefi-
cial in the relief of neuropathic pain in a few studies 
[73, 74]. In a randomized, double-blind, cross-over 
study of patients with painful diabetic neuropathy of 
more than 6 months duration, intravenous lidocaine 
was shown to have a significant beneficial effect 1 and 
8 days after infusion compared with after saline infu-
sion (P � 0.05 and P � 0.02, respectively) [73]. The 
duration of the individual effect ranged from 3 to 21 
days, and it did not affect the objective measurements 
of neuropathy. 

The analgesic effect of intravenous lidocaine was 
also evaluated in a small study of patients with neu-
ropathic pain of varying etiology [74]. The response 
was compared with that of ischemic pain. Disorders 
manifesting as deafferentation or central neural-
gias appeared in that study to be affected favorably 
by lidocaine IV whereas pain of peripheral origin 
remained unaffected [74]. The lack of an oral agent 
and the need for ECG monitoring during the infusion 
along with its associated adverse effects render intra-
venous lidocaine an unpopular treatment choice. 

The efficacy of an oral antiarrhythmic agent, mexi-
letine, a type 1b antiarrhythmic drug, has been dem-
onstrated to be variable in a small number of studies 
[24] with little evidence of efficacy superior to placebo 
[75]. It requires regular electrocardiographic monitor-
ing and is contraindicated in patients with underlying 
cardiovascular disease, therefore it is now rarely used 
in the management of painful diabetic neuropathy. 

Lidocaine patch
The treatment of painful diabetic polyneuropathy is 
often inadequate and frequently limited by the sys-
temic adverse effects of medications or the inadequate 
clinical response of the patients, therefore necessi-
tating the evaluation of novel treatments. One such 
treatment is the 5% lidocaine patch which can be use-
ful in patients suffering from touch-evoked allodynia, 
hyperalgesia or pain paroxysms [76].

Forty patients with peripheral neuropathic pain 
syndromes of varying etiology completed a prospec-
tive, randomized, placebo-controlled, two-way, cross-
over study [76]. Patients suffering from pain in a 
localized skin area with intensity above 40 mm on the 

VAS were included. At the discretion of the patients, 
up to four patches (covering a maximum of 560 cm2) 
were applied onto the maximally painful area for 12 
consecutive hours daily, always either by day or at 
night. Throughout the study, ongoing pain, allodynia, 
quality of neuropathic symptoms, quality of sleep, 
and adverse events were assessed. As an add-on ther-
apy, the lidocaine patch 5% was effective in reducing 
ongoing pain (P � 0.017) and allodynia (P � 0.023) 
during the first 8 hours after application [76]. 

In another study patients with CPDN, posther-
petic neuralgia and low back pain, who had par-
tial response to gabapentin-containing analgesic 
regimens, were enrolled [77]. Eligible patients were 
included in this open-label, nonrandomized, pro-
spective, 2-week study in which the lidocaine patch 
5% was applied to the area of maximal pain, using no 
more than a total of four patches changed every 24 
hours whilst patients were maintained on their other 
analgesic regimens. In the combined patient popula-
tion (n � 77), 2 weeks of treatment with the lidocaine 
patch 5% significantly improved all four composite 
measures on the Neuropathic Pain Scale (P � 0.01). 
Overall, eight patients (10%) experienced mild to 
moderate treatment-related adverse effects [77].

In another open-label, flexible-dosing, 3-week 
study with a 5-week extension period, 56 patients 
with painful diabetic polyneuropathy of longer than 3 
months duration were treated with the 5% lidocaine 
patch, a maximum of four patches daily for 18 hours 
[78]. Patients showed significant improvements in 
pain and quality-of-life outcome measures during the 
3-week treatment period. These benefits were main-
tained in a subgroup of patients treated for an addi-
tional 5 weeks, during which taper of concomitant 
analgesic therapy was possible. Adverse events were 
minimal, and systemic accumulation of lidocaine did 
not occur [78].

The findings from the last two studies described 
above [77, 78], in view of their open-label nature, will 
have to be replicated and confirmed in larger, pla-
cebo-controlled studies in the future. 

Opioids 
Controversy surrounds the role of opioids in the man-
agement of neuropathic pain but they can be of use 
when other therapies have been ineffective [24, 79 – 81]. 
There are concerns not only about the responsiveness 
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of neuropathic pain to opioid treatment [82] but also 
the possibilities of dependency, tolerance or addiction, 
along with the frequency of associated side effects and 
the lack of long-term trial evidence [24].

Controlled-release (CR) oxycodone has reported to 
be effective in two randomized double-blind placebo-
controlled studies [83, 84]. One multicenter, randomized, 
double-blind, placebo-controlled, parallel-group study 
included 159 subjects with moderate to severe pain due 
to diabetic neuropathy [83]. Treatment began with either 
one 10 mg tablet of CR oxycodone (n � 82) or identical 
placebo (n � 77) every 12 hours. Treatment lasted up to 
6 weeks. At an average dose of 37 mg per day, CR oxyco-
done provided more analgesia than placebo (P � 0.002) 
in the intention-to-treat cohort. Overall, 80 (96%) of 82 
subjects given CR oxycodone and 52 (68%) of 77 sub-
jects who received placebo reported adverse events. The 
most common adverse events in the CR oxycodone 
group were opioid related [83].

Fifty-six patients with diabetic neuropathy with 
moderate or greater pain for at least 3 months 
underwent washout from all opioids 2–7 days before 
randomization to 10 mg CR oxycodone or active 
placebo every 12 hours [84]. The dose was increased, 
approximately weekly, to a maximum of 40 mg 
twice a day CR oxycodone, with cross-over to the 
alternative treatment after a maximum of 4 weeks. 
CR oxycodone resulted in significantly lower pain 
scores and disability. Scores from six of the eight 
SF-36 domains (a quality of life assessment tool) 
were significantly better during CR oxycodone treat-
ment. The NNT to obtain one patient with at least 
50% pain relief was 2.6 and clinical effectiveness 
scores favored treatment with CR oxycodone over 
placebo (P � 0.0001) [84]. 

In these two studies, CR oxycodone was used both 
as sole agent and in combination with other adjuvant 
pain medications and side effects were very com-
mon in both studies and included nausea, headaches, 
constipation and drowsiness. 

Tramadol
Tramadol is a synthetic, opioid-like analgesic which 
is known to be a weak inhibitor of serotonin and 
noradrenaline reuptake and shows very low affinity 
for the µ-opioid receptors [85]. It has been found to 
be effective in the treatment of pain in diabetic neu-
ropathy in two double-blind, placebo-controlled, 

randomized trials and its long-term pain-relieving 
properties were shown in a 6-month open-label exten-
sion study [86–88].

A multicenter randomized, double-blind, placebo-
controlled, parallel-group study to evaluate the 
efficacy of tramadol in CPDN consisted of a wash-
out/screening phase, during which all analgesics 
were discontinued, and a 42-day double-blind treat-
ment phase [86]. A total of 131 patients with CPDN 
were treated with tramadol four times daily (n � 65) 
or placebo (n � 66). The primary efficacy analysis 
compared the mean pain intensity scores in the tra-
madol and placebo groups obtained at day 42 of the 
study or at the time of discontinuation. Tramadol, 
at an average dosage of 210 mg/day, was significantly 
(P � 0.001) more effective than placebo for treating 
the pain of diabetic neuropathy [86]. Patients in the 
tramadol group scored significantly better in physical 
(P � 0.02) and social functioning (P � 0.04) ratings 
than patients in the placebo group. The most fre-
quently occurring adverse events with tramadol were 
nausea, constipation, headache, and somnolence [86]. 

In another randomized, double-blind, placebo-con-
trolled and cross-over study, 45 patients (15 of whom 
had CPDN) were assigned to one of the two treatment 
sequences [88]. The dose of tramadol slow-release tab-
lets was titrated to at least 200 mg/day and at the high-
est 400 mg/day. Thirty-four patients completed the 
study. Their ratings for pain (P � 0.001), paraesthesia 
(P � 0.001) and touch-evoked pain (P � 0.001) were 
lower on tramadol than on placebo, as were their rat-
ings of allodynia (P � 0.012) [88].

A NNT of 3.1 has been calculated for the use of 
tramadol in the setting of CPDN [31].

If opioids are used as adjunctive therapy for neuro-
pathic pain, they should be administered when other 
more established therapies such as antidepressants or 
antiepileptic drugs have been tried. Other partially 
effective treatments should be continued [79, 89, 90]. 
Regular review, use of opioids for a trial period and 
a definitive treatment plan are vital to increase the 
chances of success. Sustained-release opioids are rec-
ommended although immediate-release opioids can 
be used for breakthrough pain [89, 90].

Antioxidants
Evidence suggests that oxidative stress resulting from 
enhanced free radical formation and/or deficits in 
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antioxidant defense may play a major role among the 
putative pathogenic mechanisms of diabetic neuropa-
thy [91–93]. A meta-analysis of four trials (ALADIN I, 
ALADIN III, SYDNEY and NATHAN II) comprising 
a total of 1258 diabetic patients with positive sensory 
symptoms of polyneuropathy showed that treatment 
over 3 weeks with intravenous α-lipoic acid (ALA) 
was safe and significantly improved both positive neu-
ropathic symptoms and neuropathic deficits to a clin-
ically meaningful degree [92]. A recent randomized, 
double-blind, placebo-controlled, dose–response trial 
over 5 weeks (ALADIN II) showed that oral treatment 
with ALA at a dose of 600 mg per day improved neu-
ropathic symptoms and deficits in patients with dis-
tal diabetic polyneuropathy [94]. Detailed results of 
longer duration trials recently completed are awaited. 

Topical nitrates
Considerable evidence implicates impaired nitric 
oxide (NO) generation in the pathogenesis of diabetic 
neuropathic pain through defects in local vasodila-
tion [95].

The role of isosorbide dinitrate (ISDN) spray has 
recently been explored in a double-blind, randomized, 
placebo-controlled, cross-over study [96]. ISDN spray 
reduced overall neuropathic pain (P � 0.02) and burn-
ing sensation (P � 0.006). No treatment difference was 
observed with other sensory modalities (hot/cold sen-
sation, tingling, numbness, hyperesthesia, and jabbing-
like sensation). At study completion, 11 patients (50%) 
reported benefit and wished to continue using the 
ISDN spray, four (18%) preferred the placebo spray, 
and the remaining seven (32%) were undecided. 

More recently, glyceryl trinitrate patches have been 
shown to be promising as an alternative to ISDN 
spray in the alleviation of burning pain in diabetic 
neuropathy [95] but their role remains to be con-
firmed in larger, double-blind, placebo-controlled 
clinical trials.

Other topical therapies
Capsaicin, the main ingredient of the red chilli pep-
per, acts by depleting the nociceptive C-fibers of 
substance P. A meta-analysis of four randomized, 
double-blind, placebo-controlled trials in painful dia-
betic neuropathy found capsaicin overall to be more 
effective than placebo [97]. However, it is not possi-
ble to totally blind either participants or investigators 

to the potential irritant side effects of capsaicin, and 
it may therefore be that the studies were not in fact 
“blind.” Long-term follow-up data are also limited. 
The release of large amounts of substance P follow-
ing the application of the cream results in a transient 
worsening of the symptoms during the first week or 
two of capsaicin use. The burning sensation, time to 
achieve pain reduction, and the need to apply it four 
times daily to the affected areas limit its usefulness.

Op-site® film has been found to be helpful in 
reducing pain in some patients in an open study, but 
application can be problematic and it is probably only 
useful for allodynia.

Other drugs
A variety of drugs have been tried with varying 
degrees of scientific proof of their efficacy which on 
the whole cannot be recommended for routine usage. 
Most trials had methodologic flaws, were very small 
or are only published so far in abstract form. 

Oral dextromethorpan and memantine, N-methyl-
D-aspartate receptor antagonists, have shown variable 
efficacy in pain reduction in very small randomized, 
placebo-controlled trials. Levodopa has also led to 
pain reduction in a small randomized controlled trial. 
Good evidence for the effectiveness of drugs such as 
aspirin or NSAID is lacking [24].

Stimulation therapies
Transcutaneous electrical nerve stimulation (TENS) 
was used in a 4-week, single-blind study that rand-
omized 31 patients with type 2 diabetes and symp-
toms and signs of peripheral neuropathy, to receive 
either active electrotherapy or sham therapy [98]. 
Patients in the active group had a 52% reduction in 
pain compared with 27% in controls. In another 
study, 54 patients with diabetes who were using a 
TENS device were identified, and the patients’ symp-
toms prior to and following electrotherapy were 
assessed [99]. Forty-one (76%) patients reported a 
mean 44% subjective improvement in their neuro-
pathic pain with TENS electrotherapy, which they had 
continued to use as an adjunct to their conventional 
analgesic drugs for a mean of 1.7 years. In another 
small (n � 26), single-blind study TENS was also 
shown to be a useful adjunctive modality when com-
bined with a pharmacologic agent such as amitriptyl-
ine, to augment symptomatic pain relief [100].
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The value of percutaneous electrical nerve stimu-
lation (PENS) in painful diabetic neuropathy was 
assessed in one short-term sham-controlled cross-
over study which randomized 50 patients to receive 
either active PENS or sham PENS (acupuncture 
only) [101]. Patients who received active therapy 
showed a significant reduction in pain scores. 

The effects of traditional acupuncture in CPDN 
were studied in one uncontrolled trial [102]. Forty-six 
patients (of whom more than half were on standard 
medical treatment for painful neuropathy) received 
up to six courses of classic acupuncture analgesia 
over 10 weeks; over 75% noted an improvement in 
pain symptoms. The patients were followed up for a 
period that ranged from 18 to 52 weeks during which 
time only 8/34 needed further acupuncture. 

Electrical spinal cord stimulation (ESCS) involves 
the delivery of a low-voltage electrical current to 
the dorsal structures of the spinal cord in order to 
reduce pain perception. In a small study, ESCS has 
been shown to be effective and safe in the treatment 
of severe, resistant, painful neuropathy, confirm-
ing its place in the contemporary management of 
chronic intractable pain when all other conventional 
treatment strategies have failed [103]; the beneficial 
effects can last many years [104] and the majority of 
complications are of a technical nature and tend to 
occur during the first 6 months of implantation. 

The mechanisms behind the pain-relieving effects 
of ESCS are still obscure. Although these data do 
support a role for electrotherapy in the symptomatic 
treatment of CPDN, there are obvious deficiencies 
as it is not possible to perform conventional dou-
ble-blind studies because of failure to “blind” the 
patients to the electrical sensation when active and 
sham therapies are applied. The studies also tend to 
be small and/or of short duration. However, the lack 
of significant reported or observed side effects from 
these electroanalgesic therapies appears encourag-
ing. ESCS is an expensive procedure and is suitable 
only for selective cases of CPDN when managed in 
specialist centers where the necessary expertise and 
facilities are available.

Author’s recommendations

Based on the number needed to treat (NNT) system, 
TCA have been shown to be most effective when dosed 

from 25 to 150 mg daily, with two systematic reviews 
reporting a NNT of 2.6 by one group [31] and 3.5 by 
another [23]. It is important to emphasize that the 
majority of the trials evaluating the efficacy and safety 
of TCA were of relatively small size that may have led 
to an overestimation of their benefits.

Because of the well-characterized side effects of TCA, 
they should not be chosen as the first-line treatment for 
patients with certain co-morbidities such as known car-
diac arrhythmias, electrocardiographic abnormalities, 
postural hypotension, unexplained falls and balance 
problems, glaucoma and prostatic hypertophy. All these 
medical conditions can potentially be exacerbated by 
the use of TCA in view of their well-known anticholin-
ergic properties. Because of the higher prevalence of 
these disorders among the elderly, alternative first-line 
medications frequently have to be chosen for this pop-
ulation. These recommendations are in line with those 
developed by the Diabetic Peripheral Neuropathic Pain 
Consensus Treatment Guidelines Advisory Board in 
2006 [105] which were formulated to help guide treat-
ment decisions so that an optimal balance between 
pain relief and side effects is achieved.

When the use of a TCA is contraindicated (quite fre-
quently the case), the newer antiepileptic drugs gabap-
entin and pregabalin can be considered. The use of 
pregabalin is supported by greater clinical trial evidence 
compared with gabapentin. Pregabalin administered at 
a dosage of 75 mg or 150 mg daily does not produce sig-
nificant clinical improvement in patients with CPDN 
compared with placebo. Higher doses (300–600 mg/
day) have to be administered and these can show clini-
cal efficacy even within 1 week of initiation of treat-
ment. The dosing schedule should be three times or 
twice daily. Moreover, pregabalin, similarly to gabap-
entin, has demonstrated efficacy in improvement of a 
number of other clinically important parameters such 
as sleep interference. They are both renally excreted 
and dose reduction is required in patients with renal 
impairment but they do not interfere with the hepatic 
P450 cytochrome system. In view of the relatively short 
duration of the trials conducted so far, there are no 
long-term data as yet that show durability of the effects 
of pregabalin over a longer period of time.

The SNRI duloxetine has been licensed in the US 
and Europe with a specific indication for the treatment 
of neuropathic pain associated with CPDN. Although 
its superiority over placebo has been demonstrated in 
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large, multicenter, randomized, double-blind studies, 
there has been no head-to-head comparison with the 
traditional TCA or the antiepileptic drugs, and given 
its cost and the existing data on its gastrointestinal, 
neuropsychologic and possible hepatic adverse effects 
and risk of interactions with other drugs, its place as a 
first-line agent in the management of pain associated 
with CPDN remains to be further elucidated.

Although the use of CR oxycodone in CPDN is 
supported by evidence from at least two large RCT, 
and the use of tramadol by one RCT in patients with 
CPDN and another RCT that included patients with 
painful neuropathy, a minority of whom were identi-
fied with CPDN, the concerns regarding dependency, 
tolerance or addiction when used on a long-term 
basis should make them second-line agents in the 
management of CPDN. In refractory cases of CPDN, 
opioids such as tramadol may prove useful in the sup-
pression of breakthrough pain. 

There is a dearth of studies on the use of combi-
nation pharmacotherapy in neuropathic pain. In one 
study involving 57 patients (35 with CDPN, 22 with 
postherpetic neuralgia), in which the patients were 
randomly allocated to four 5-week periods of maxi-
mum tolerated doses of placebo, gabapentin, morphine 
or gabapenin-morphine combination, the investigators 
showed better pain relief during the combination than 
either drug alone, despite lower doses [106]. While 
this type of combination therapy is not unusual in 
clinical practice, it is noteworthy that common com-
binations of antidepressants and antiepileptic drugs 
seem not to have been subjected to similar clinical tri-
als. Yet combined use of a TCA with sedative effects 
as an adjunct to an antiepileptic drug may prove ben-
eficial, especially in cases where sleep disturbance is a 
prominent feature.

Future research directions

Knowledge of the precise epidemiology and especially 
natural history of CPDN is of vital importance and 
will help to design and implement effective man-
agement strategies. With regard to pharmacologic 
agents currently available and licensed for treatment 
of CPDN, it is important to emphasize the need for a 
consensus on standard outcome measures to be eval-
uated in drug trials that would enable easier compari-
son of treatment efficacy. 

There is also an urgent need for further well-designed 
trials of drug combinations and alternative therapies. 
These will provide the clinical evidence necessary to 
design effective and widely accepted treatment algo-
rithms that will only improve pain relief. 

Further research is also needed to understand and 
identify the underlying pathogenetic mechanisms 
contributing to the symptoms in an individual, The 
ultimate goal is to be able to safely bridge clinical 
findings with basic mechanisms and subsequently to 
apply mechanism-tailored treatment strategies that 
will increase the chances of successful pain relief.

Conclusion 

Chronic painful diabetic neuropathy is a common com-
plication of diabetes but is often under-reported and 
inadequately treated [24]. Management of this condition 
can be challenging but antidepressants and antiepileptic 
drugs remain the mainstays of treatment (Box 17.1). 

Box 17.1 Pharmacologic and 
other treatments used in CPDN
Treatments supported by evidence
TCA
Pregabalin, gabapentin
Duloxetine
Oxycodone CR, tramadol
Venlafaxine ER
Carbamazepine

Treatments not consistently proven to be 
efficacious with current evidence
Topiramate, oxcarbazepine
Lamotrigine

Treatments with limited evidence
Capsaicin, 5% lidocaine patch
ISDN spray, GTN patch
Citalopram, paroxetine, fluoxetine
Phenytoin
Dextromethorphan, memantine
TENS, PENS, ESCS, acupuncture

Treatments refuted by evidence
Mexiletine
NSAIDs, aspirin
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CHAPTER 18

Postherpetic neuralgia

Turo J. Nurmikko
Division of Neurological Science, School of Clinical Sciences, University of Liverpool,
Clinical Sciences Centre, Liverpool, UK

Introduction

Postherpetic neuralgia (PHN) is one of the best known 
neuropathic pain conditions and possibly the most 
investigated. Its unique and stereotypical clinical pres-
entation with localized pain, allodynia, and sensory 
change has inspired a number of pathophysiologic 
studies. In the developing discipline of pain medicine 
in the latter part of the 20th century, PHN was seen as 
an archetype of neuropathic pain and its management 
was left to pain specialists who reported impressive 
case series with fascinating clinical details. The pain 
and sensory dysfunction and a seemingly stable natu-
ral course of PHN were also suitable for a multitude 
of clinical trials. Epidemiologic studies suggest, how-
ever, that PHN is usually mild and self-remitting and 
that most cases are managed in primary care [1, 2]. 
However, as the most common complication of the 
herpes zoster (HZ), which itself is the most common 
neurologic infection, PHN remains sufficiently preva-
lent to warrant special interest and to be recognized 
as a clinical problem, even if only a small unfortunate 
minority with shingles develop the most severe form 
of the disease. 

Pathophysiology 

Postherpetic neuralgia is the term used to describe the 
painful aftermath of HZ. At present no agreed criteria 

exist for the definition of PHN definition, either relating 
to the time point of its development after the onset of 
HZ infection or the intensity and quality of discom-
fort required for the diagnosis. Many authors accept a 
time definition of pain for PHN of 3 or 4 months after 
the onset of rash, and some have adopted a concept of 
“clinically meaningful pain” rated at � 3 out of 10 [3, 4]. 
Pain frequently precedes HZ (called preherpetic neural-
gia), and usually outlasts the rash by some weeks.

Shingles, i.e. HZ, results from activation of the vari-
cella zoster virus (VZV) which has remained latent in 
the dorsal root ganglia since the first infection (vari-
cella). In situ hybridization has shown the latent VZV 
genome localized in 1–7% of sensory ganglion neu-
rones. Latency seems to be established by cell-free 
virus [5]. Maintenance is associated with expression 
of six genes (ORF 4, ORF21, ORF29, ORF62, ORF 63, 
ORF 66) and the protein products from these genes. 
Cell-mediated immunity controls the transcriptional 
factors preventing viral transcription and a reduced 
T cell response results in viral replication taking place. 
The virus replicates in the ganglionic neurones, 
infects the neighboring cells and is then transmitted 
down the nerve axons to the skin where local infec-
tion results in blister formation [5, 6]. The virus 
also travels centrally, leading to inflammation of the 
meninges and spinal cord, albeit to a limited degree. 
Subclinical central nervous system inflammation is 
common, as shown in a study in which patients with 
HZ who were devoid of any central nervous system 
signs frequently had inflammatory changes in their 
cerebrospinal fluid and MRI [7]. 

Infected cells may undergo lysis. Histopathologic 
investigations of human spinal ganglia, obtained 
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at post mortem from patients with acute or subacute 
HZ, show neuronal loss and inflammatory infiltrates 
in ganglia, nerve and nerve root [8]. Most changes 
in the peripheral nerve appear to be the result of 
Wallerian degeneration of both large and small  fibers. 
The inflammatory changes are then over time replaced 
by fibrous tissue. Some histopathologic studies of 
PHN report atrophy of the dorsal horn with limited 
but persistent inflammation with degeneration of sen-
sory ganglia, sometimes extending contralaterally [9]. 
Epidermal nerve fiber density assessment from skin 
biopsies shows bilateral degeneration of terminal of 
peripheral fibers within the affected dermatome, pos-
sibly resulting from contralateral subclinical spread of 
the virus [10]. The combined data from these stud-
ies therefore demonstrate widespread neural damage 
that follows the primary inflammation. The associa-
tion between neural pathology and pain is not clear, 
and neither is it known to what extent prompt use of 
antivirals or other interventions is capable of prevent-
ing the changes.

The clinical picture of PHN suggests several poten-
tial mechanisms for the generation and maintenance 
of pain. Patients frequently complain of a steady ach-
ing or burning pain and also sharp shooting pain 
and tactile allodynia [11]. Different pains may affect 
a distinct part of the affected dermatome. Sensory 
changes are equally varied, with severe loss of sensi-
tivity reported approximately as commonly as pre-
served sensation, even in the same patient. Some 
25–30% of patients with PHN appear to have reduced 
cutaneous thresholds for heat pain in the affected 
dermatome (heat hyperalgesia) [12, 13] while some 
are found to have almost complete deafferentation 
[13, 14]. In a minority of patients, introduction of 
capsaicin increases pain and causes local flare, best 
explained by peripheral sensitization [15]. In others, 
lack of small fiber-mediated nociceptive function is 
associated with preservation of large fiber-mediated 
functions [14, 16]. These patients may have mechani-
cal allodynia, probably due to central sensitization. 
A unifying theory of pathophysiology suggests there 
are several subtypes of PHN which, at least in theory, 
can be distinguished on clinical and neurophysiologic 
grounds [17].

However, linking pathophysiologic mechanisms 
to specific treatments has so far eluded investigators. 
As novel specific receptor agonists and antagonists 

are being developed, this may change in the future. 
By 2007 several Phase I and Phase II studies were 
under way to test a number of antagonists and ago-
nists aimed at specific receptors and ion channels 
known to be associated with neuropathic pain (e.g. 
TRPV1, TPRM8, Nav1.8, Nav1.9, CB1, CB2). 

Chronic PHN is commonly associated with psy-
chiatric co-morbidity (sleep, low mood, tendency to 
social isolation) which together with pain may lead to 
significant disability [15]. 

Epidemiology of herpes zoster

Population-based epidemiologic data suggest an annual 
incidence of HZ between 1.3 and 4.1 per 1000 popu-
lation [18–20]. Some longitudinal studies suggest an 
increase in incidence in the last two decades although 
the reason for this is not clear [5, 20]. The incidence 
is much higher in the elderly; a recent study suggests 
an incidence rate of 2.1 per 1000 person-years in those 
under 50 and 10.1 in those over 80, a fivefold differ-
ence [20]. Other large studies show a similar trend 
[1, 19]. These figures are generally accepted to reflect 
the natural decline in cell-mediated immunity with 
advancing age. All reported studies rely on the clinical 
presentation of HZ. Some studies suggest that 10% of 
the diagnoses of HZ made in primary care are in fact 
due to zosteriform herpes simplex. Other common 
misdiagnoses include common dermatologic diseases 
such as contact dermatitis, erysipelas and insect bites 
[5, 21]. By contrast, atypical forms of herpes zoster 
also exist, such as zoster sine herpete, in which rash 
does not develop.

Immunocompromised patients represent 8–10% of 
HZ cases [20]. Some investigators have proposed that 
childhood varicella vaccination will alter the incidence 
figures considerably when it is more widely adopted. 
It is thought that the significant reduction in the inci-
dence of varicella resulting from vaccination reduces 
the chance of exposure of the elderly to the exogenous 
viral antigen pool needed to boost their cell-mediated 
immunity. This fact combined with the rapid increase 
in the number of the elderly and immunocompromised 
patients is likely to lead to a short-term increase in her-
pes zoster cases [5]. However, if adult HZ vaccination 
becomes widely practiced as is expected, the long-
term outcome is likely to be a significant reduction in 
HZ incidence. 
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Postherpetic neuralgia is the most common com-
plication of herpes zoster. Estimates of its incidence 
come from both prospective community-based or 
large retrospective population-based studies. Hall and 
others evaluated data from the computerized UK 
general practice records and reported an annual 
incidence of 40 per 100,000 person-years [2]. This is 
higher than the incidence calculated from GP records 
in London of 11 per 100,000 person years [22] but 
similar to another British population study [23]. In line 
with incidence of HZ, PHN at 1 month was reported 
far more frequently by people aged 65–74 (11%) or 
over 75 (18%) than those 45–54 (4%) [1]. PHN usu-
ally resolves spontaneously, leaving a small percentage 
of patients to suffer from chronic pain. 

Before the era of antiviral treatments, reports of 
the presence of PHN pain sufficient to induce a visit 
to the physician were 5–7% at 3 months, 3–5% 
at 6 months and 2– 4% at 12 months [18, 24, 25]. 
Newer data obtained while antivirals were widely 
available suggest even lower figures. Helgason and 
co-authors collected data over a 6-year period on 
421 patients representing a rural region in Iceland 
with approximately 100,000 inhabitants [26]. Only 
2% of those under 60 years of age reported pain at 
3 months which in all cases was mild. Thirty percent 
of patients over 70 reported pain at 3 months, 11% 
moderate or severe. At 12 months one patient (1%) 
in the 60–69 age group and one (2%) patient in the 
over-70 group reported moderate pain, and none had 
severe pain. At 12 months 3.3% reported pain, mostly 
mild. Two patients (0.5%) reported moderate pain. 
Of note, only 4% received antivirals [26]. Similar 
results were reported from two opportunistic patient 
populations. Haanpää et al. reported that at 6 months 
five of their original sample of 113 patients of all 
ages with HZ had pain of moderate or severe inten-
sity [27]. Similarly, Thyregod and co-workers found 
at 6 months following the original rash that only two 
of the original 94 patients had clinically meaningful 
pain, which they defined at �3/10 [4]. These exam-
ples do not reflect the reality seen in many pain clin-
ics who manage patients with intractable PHN. The 
incidence in the era of antivirals of this extreme form 
of PHN remains unknown but in all likelihood is 
very low. Nevertheless, as HZ remains a very common 
condition (with a 30% lifetime risk in developed coun-
tries [28]), there are likely to be a sufficient number 

of patients with disabling PHN who need specialized 
help and active pain management.

The prevalence of postherpetic neuralgia in the 
general population is unknown. One retrospective study 
based on GP records of patients of all ages in London 
estimated the lifetime prevalence for PHN (defined as 
pain at 1 month after the rash) to be 0.7 (95% con-
fidence interval (CI) 0.4–1.0) per 1000 population 
[22]. Bowsher based his estimate on the personal his-
tories obtained from a community survey of a cohort 
of 1071 people aged 64–99, and arrived at a figure of 
25/1000 in that age group [29]. No estimate of sever-
ity of pain was attempted. An example of the differ-
ence of pain reported in surveys and those leading 
patients to seek help from their doctors comes from 
another study. In a prospective study of 598 patients 
with acute HZ and aged over 50, 16% had pain of 
any severity at 6 months, and 10% still reported it at 
4 years [30]. However, severe pain was reported by 
2% at 6 months and 0.7% (1 out of 139) at 4 years, 
underlining the vast difference between clinically 
relevant and other pain. 

Prevention of postherpetic 
neuralgia

A large number of studies show that age is positively 
correlated with the risk of developing PHN [31]. 
Most studies also suggest that the severity of inflam-
mation, measured from the extent and intensity of 
the rash, intensity of early pain and sensory abnor-
malities, independently adds to the risk of prolonga-
tion of PHN pain [31]. No clinical formula exists to 
predict the minority who after contracting shingles 
go on to develop the most chronic form of PHN.

Several approaches have been used in an attempt 
to curb the inflammatory impact of HZ early on. 
Studies on antivirals conducted in the 1990s have 
been subjected to four systematic reviews, which 
have reached somewhat different conclusions [32–
35]. One meta-analysis included four trials with 692 
patients [33] and another five trials with 792 patients 
[34]. Wood et al. carried out an analysis of the effi-
cacy of aciclovir using Cox’s proportional hazards 
model to test for the significance in group differ-
ences in the cessation of herpetic pain, in a pooled 
population of 691 patients with HZ. The combined 
overall hazard ratio was 1.79 (95% CI 1.34–2.39) 
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and in the over-50s 2.13 (95% CI 1.42–3.19) (some 
unpublished data were included). Pain reduction 
in those receiving acyclovir was greater at 3 and 6 
months [34]. Jackson included data from five stud-
ies and measured the risk of “any pain” at 6 months. 
The odds ratio for the incidence was 0.54 (95% CI 
0.34–0.81) [33]. In a single multicenter double-blind 
placebo-controlled trial, famciclovir reduced the 
duration of postherpetic pain from 119 days (pla-
cebo) to 63 days (1500 mg/day) or 61 days (2250 mg/
day) [36]. Comparison studies with valaciclovir and 
brivudin showed no difference [37, 38]. Although 
the overall evidence is limited [39], recommenda-
tions from expert panels favor commencement of 
antiviral in the first 72 hours after the onset of rash, 
among other things to maximize the speed of reso-
lution of pain [5]. It is clear from existing data that 
prompt use of antivirals cannot guarantee freedom 
from chronic pain in severe cases.

Other treatments proposed and apparently com-
monly used in clinical practice do not seem to affect 
the course of HZ or alter the incidence of PHN. Many 
are based on no evidence or evidence from poor qual-
ity studies only. Better-quality studies tend to offer 
satisfactory evidence against the usefulness of interven-
tions other than antiviral treatment. Early uncontrolled 
studies published in the 1970s and 1980s suggested 
some benefit from corticosteroids while small control-
led trials did not. These were followed by two large 
randomized double-blind parallel group trials, with 
349 and 241 patients, in which the effect of a week-long 
tapered prednisolone was evaluated [40, 41]. Both failed 
to show benefit, for pain at either 21 days or 6 months 
after rash. Two systematic reviews, one focusing on the 
two above studies and one evaluating four controlled 
trials, concurred that corticosteroids given in the early 
stages do not prevent PHN [35, 42]. A further recom-
mendation was given against their use in the acute 
setting [39]. An expert panel, however, formulated a 
statement that their use in HZ can be contemplated 
for acute pain relief [5]. A single shot epidural steroid 
injection does not prevent PHN better than epidural 
saline despite providing temporary pain relief [43]. 

In a complex study [44] 600 patients over 55 years 
of age with severe HZ pain (�7/10) were randomized 
to receive either (a) aciclovir 30 g/kg/day and methyl-
prednisolone 60 mg/day intravenously for 9 days, 
followed by oral prednisolone in tapering doses for 

12 days or (b) epidural 0.25% bupivacaine 2–4 times 
a day and methylprednisolone 40 mg twice a week, 
administered over a period of 7 days; the cycle was 
repeated once or twice if pain persisted. Outcome 
measures were presence of pain, presence of abnor-
mal sensations and complete recovery. Whether an 
independent assessor was used is not mentioned. 
An intention-to-treat analysis showed superiority of 
the epidural treatment with differences evident from 
the first month. In the aciclovir group 22% reported 
pain at 6 months and 22% at 12 months whereas the 
figures in the methylprednisolone group were sig-
nificantly lower, 4% and 2% respectively. A similar 
pattern was seen with regard to sensory abnormali-
ties. The authors based their explanation of the posi-
tive effect on reduced axonal transportation of viral 
inflammation due to bupivacaine; the role of cor-
ticosteroids was not discussed [44]. The successful 
recruitment in 3 years from two centers in Northern 
Italy of such a high number of patients fulfilling 
the inclusion criteria and willing to take part in this 
complicated study is an extraordinary achievement. 
The poor response to aciclovir and high percentage 
of patients with clinically meaningful PHN (22% 
with pain, range on VAS 2.5–7.5 with a mean of 4 
after 1 year) in this group is surprising. Even accept-
ing that the patients enrolled in the study had severe 
symptoms, and hence a higher risk of developing 
prolonged pain, the percentage of those who did so 
is higher than all epidemiologic studies to date would 
suggest. An expert panel took the view that despite 
the dramatic results, the epidural steroid approach 
(especially without concomitant antivirals) can-
not be recommended without a confirmatory study 
employing stringent safety measures [5]. 

In a retrospective review of a nonrandomized case 
series where the treatment protocol changed over time, 
patients were divided into three groups: those receiv-
ing epidural saline and intermittent 1% mepivacaine 
and oral aciclovir or vidarabine; those receiving pri-
marily intermittent epidural mepivacaine and only 
on-demand epidural mepivacaine infusion; and those 
receiving a priori epidural bupivacaine infusion with 
epidural bupivacaine top-ups as needed. This arrange-
ment required an in-hospital admission for up to 
3 months in severe cases [45]. In the bupivacaine infu-
sion group the pain reduction occurred to a minimal 
level (20/100) sooner (12.4 (9.1–16.8) days versus 
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16.6 (10.9–25.2) days and 15.3 (11.6–20.3) days) in the 
severe pain group. The lack of randomization, sequen-
tial recruitment of patients and unusual design make 
this study difficult to interpret and the actual gain from 
this very arduous and expensive treatment approach 
seems to be of modest value. 

Sympathetic blockade was suggested to reduce the 
risk of PHN in large uncontrolled case series [46]. 
However, only one controlled prospective trial has 
been published, with methodologic flaws preventing 
clinical conclusions being drawn from its marginal 
effect [47]. Two reviews conclude that sympathetic 
blockade plays no role in prevention of PHN – not 
surprising considering that all major pathophysi-
ologic studies have hypothesized that the somatic 
afferents and their central connections are at the core 
of the pathophysiology of PHN [48, 49]. 

A small randomized double-blind study evalu-
ated the effect of amitriptyline 25 mg/day compared 
to placebo in prevention of PHN [50]. The study set-
ting was unusual in that it was co-ordinated by one 
investigator who recruited patients over 60 years 
of age through 39 local GP surgeries. GPs were pro-
vided with packages of amitriptyline or matching 
placebo to be distributed to patients with acute HZ 
of less than 48 hours duration. Patients were to take 
medication for 90 days. Antiviral treatment was not 
controlled and the prescribing happened at the par-
ticipating GP’s discretion. The primary outcome 
measure was the percentage of patients free of pain, 
based on the patient reporting to the investigator in a 
telephone discussion 6–8 months later. At 6 months, 
32/38 (84%) patients on amitriptyline versus 22/34 
(65%) on placebo were free of pain (P � 0.05). A post 
hoc analysis based on patients who received aciclovir 
(nine in the amitriptyline group, 17 in the placebo 
group) also indicated a significant difference [51]. 
However, several methdodologic flaws associated 
with the small number of patients recruited render 
the results unreliable. No attempt was made to ensure 
the groups were matched, the effect of aciclovir was 
not controlled, no ITT analysis was carried out, sam-
pling of the information was based on the patient’s 
recollection, and the aberrant outcomes in the pla-
cebo group were overlooked. As an example of the 
latter, 9/17 (53%) of patients randomized to receive 
placebo and aciclovir reported pain at 3 months, and 
8/17 (47%) at 6 months, figures that are many times 

higher than those in any recent community-based epide-
miologic survey. In this small underpowered study the 
aberration is so substantial that it would negate the 
difference obtained between both groups. Similarly, 
three patients in both groups reported very slight 
pain. If these six are removed from the analysis, the 
group-wise difference disappears. 

Vaccination
Boosting declining immunity in the elderly could in 
theory prevent HZ and subsequent PHN. In the first 
program of its kind, nearly 39,000 immunocom-
petent subjects over 60 years of age with a history 
of childhood varicella were randomized to receive 
live attenuated Oka VZV virus or placebo [3]. The 
incidence of HZ in the vaccinated group was 51.6% 
lower than in the placebo group during the mean 
follow-up of 3 years. There were fewer cases of PHN 
in the vaccine group than placebo group (0.46 case 
versus 1.38 cases, respectively, P � 0.001). PHN 
was defined as pain and discomfort �3/10. Adverse 
effects were more common in the vaccine group, 
and were mostly experienced at the injection site. No 
increase was seen in serious side effects. The cost-
effectiveness of this prevention has divided opinion 
[52–54]. Other vaccination projects are under way 
in Europe.

Box 18.1 Prevention of 
postherpetic neuralgia

Interventions supported by evidence
Oral antivirals (within 72 hours of onset of rash)
Vaccine (in healthy people over 60)

Interventions refuted by evidence
Corticosteroids
Single shot epidural steroids
Topical antivirals

Uncertain – inconsistent or insufficient 
data
Epidural infusion of corticosteroids
Epidural infusion of local anesthetic
Sympathetic blockade
Amitriptyline
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Treatment of postherpetic 
neuralgia

Since the 1970s, a large number of studies of vary-
ing quality have been published on pharmaco-
therapy of PHN. These have been subjected to two 
major systematic reviews of published clinical trials 
up to January 2004 and October 2004, respectively 
[55, 56]. In addition, Cochrane reviews on selected 
treatments of PHN also exist, including antidepres-
sants, gabapentin, opioids, and topical lidocaine, 
with review dates ranging from 2005 to 2007 [57–60]. 
These extensive data are presented here with addi-
tional papers and observations regarding conclusions 
so far as they pertain to PHN. As for guidelines, the 
reader is advised to turn to a consensus paper commis-
sioned by the European Federation of Neurological 
Sciences (EFNS) [61] in which treatments for neu-
ropathic pain are recommended, with PHN singled 
out. General consensus papers based on systematic 
reviews on neuropathic pain also exist [62, 63].

The two comprehensive systematic reviews on the 
treatment of PHN differ somewhat in their inclusion 
and exclusion criteria, although their conclusions are 
fairly similar [55, 56]. Dubinsky et al. [55] followed 
the Practice Parameter guidelines of the American 
Academy of Neurology. They included papers based 
on trials which were of a minimum of 8 weeks dura-
tion, provided detailed methodology with a clear out-
come measure, and consisted of therapy feasible for 
an outpatient setting. The quality of papers was based 
on the AAN criteria. These stipulate that to earn a 
Class I status, the paper has to be a prospective, ran-
domized, controlled clinical trial with a masked out-
come assessment and conducted in a representative 
population and, in addition, must fulfill other criteria 
to reduce bias. At the other end of the scale, Class IV
studies represent evidence from uncontrolled trials, 
case series and case reports. Hempenstall et al., by 
contrast, used the five point “Jadad” scoring system [56, 
64]. Studies were included if they achieved a score of 
three or more on this scale and if they analyzed more 
than 10 patients [56]. 

Tricyclic antidepressants
Clinical trials in PHN have been conducted on the effi-
cacy of amitriptyline, nortriptyline, desipramine, and 
maprolitine. Hempenstall and co-workers included 

seven, Saarto & Wiffen eight and Dubinsky and co-
workers six studies for their analysis [55–57]. The total 
number of patients entered into the reviewed studies 
ranged from 297 to 386. All reviews published show 
superiority of tricyclics over placebo, with a pooled 
number needed to treat (NNT) calculated at 2.64 
(95% CI 2.1–3.54) or 2.2 (95% CI 1.6–3.1) [56, 57]. 

In the first randomized, double-blind, cross-over 
trial, amitriptyline was compared to placebo in 
24 patients who all completed the study [65]. The 
mean dose of amitriptyline was 75 mg/day. Good to 
excellent pain relief was found in 16/24 patients dur-
ing the 3-week amitriptyline treatment, significantly 
better than placebo, although the efficacy of the lat-
ter was not detailed [65]. Sleep improved more in the 
amitriptyline group. Two other studies on amitriptyline 
that were placebo controlled, albeit also including an 
active comparator, similarly demonstrated the supe-
riority of amitriptyline [66, 67]. While in one study 
doses above 100 mg/day did not seem to improve out-
come, in the other there was a clear dose-dependent 
response up to 150 mg/day [66, 67]. Co-morbidity was 
not adequately addressed. Two other studies, both 
involving 31 patients, compared amitriptyline with 
either maprolitine or nortriptyline [68, 69]. The 
maintenance doses used ranged from 10 to 150 mg/
day for amitriptyline, 20–160 mg/day for nortriptyl-
ine and 50–150 mg/day for maprolitine. Amitriptyline 
appeared as effective as nortriptyline but was associ-
ated with a higher incidence of intolerable adverse 
effects (30% versus 15%). In group-wide compari-
son, maprolitine was less effective than amitriptyline; 
however, there were seven (20%) patients with pain 
unresponsive to amitriptyline who reported relief 
from maprolitine [68]. Sleep and disability improved 
and concomitant analgesic use decreased to a similar 
degree with both drugs [68, 69]. Twenty-six patients 
randomized to desipramine (mean dose 167 mg/day) 
or placebo, 19 of whom completed both arms of the 
double-blind cross-over study, reported greater pain 
relief at the end of the 6-week period compared to 
placebo [70]. The analysis was both per protocol and 
ITT with the same conclusion. The weakness of this 
study is that no washout period was used. Saarto & 
Wiffen [57] also included in their analysis a study on 
prevention of PHN [51], although the design of the 
study and follow-up arrangements were not adequate 
for the purpose. 



Chapter 18

228

The conclusion from all reviews is that tricyclic 
antidepressants are effective in postherpetic neuralgia. 
There is no obvious major difference between them in 
terms of efficacy of pain relief (especially taking into 
account patients’ individual responses). Co- morbidity 
appears to improve in a similar manner across all 
drugs tested. Because of better tolerability, guidelines 
favor nortriptyline over amitiriptyline [61]. No stud-
ies had been published by 2007 on SNRIs (venlafaxine, 
duloxetine) in PHN.

Tricyclic antidepressants have a relatively poor side 
effect profile, especially in the elderly who are at most 
risk for PHN. Common side effects are central and 
cholinergic: dry mouth, sweating, disturbed vision, diz-
ziness, sedation, palpitations, orthostatic hypotension 
and urinary retention. An association between tricyclics 
in doses higher than 100 mg/day and sudden cardiac 
death has been described [71]. Guidelines vary in their 
recommendations on the use of ECG to detect subclini-
cal conduction abnormalities prior to commencement 
of treatment using a tricyclic antidepressant [61, 62].

Gabapentin
Two double-blind placebo-controlled trials demon-
strated superior efficacy of gabapentin over placebo 
in PHN [72, 73]. In the first, with 229 participants, 
gabapentin or placebo was titrated up to 3600 mg/
day, following which the dose remained stable. The 
minimum dose accepted for the patient to remain 
in the trial was 1200 mg/day. Previous stable antide-
pressant and analgesic medication was allowed. The 
primary outcome measure was change in the aver-
age daily pain scored on a scale of 0–10. Just over 
80% of randomized patients completed the study. Of 
those on gabapentin, 65% received 3600 mg/day and 
83% at least 2400 mg/day. Gabapentin reduced pain 
by 33.3% compared to 7.7% achieved on placebo; 
43% receiving gabapentin reported their pain as 
much or moderately improved versus 12% on placebo. 
Gabapentin also improved several dimensions of 
quality of life (measured using the SF-36) and mood 
(measured using the POMS)[72].

In the second study, 334 patients with PHN were 
randomized to either 2400 mg/day or 1800 mg/day of 
gabapentin or placebo, using a forced titration sched-
ule which comprised a stepwise dose escalation to the 
target dose over 16 days [73]. Those unable to tolerate 
the regimen were withdrawn from the study. Previous 

failure to respond to gabapentin at �1200 mg/day was 
an exclusion criterion. Permissible medications dur-
ing the trial included mild opioids and antidepres-
sants. The primary outcome measure was reduction 
in daily pain score, while secondary outcome meas-
ures comprised a numerical rating scale (0–10) of 
sleep, Clinician and Patient Impression of Change, SF 
McGill Pain Questionnaire (SF-MPQ) and SF-30 as 
the measure of quality of life [73]. Just over 81% of 
the patients completed the trial. The daily pain score 
decreased 34.4% in the 1800 mg/day group, 34.5% 
in the 2400 mg/day group and 15.7% in the placebo 
group – a treatment difference of 18.8% (95% CI 
10.7–26.7; P � 0.001). The difference between pla-
cebo and gabapentin was observed from the first 
week onwards. All parameters of SF-MPQ improved 
more on both doses of gabapentin than placebo. 
Gabapentin was also superior in improving sleep and 
some dimensions of quality of life [73]. 

Both studies reported similar adverse events. With-
drawals due to adverse effects were more common 
in those receiving any dose of gabapentin (13–18%) 
or placebo (6–10%). The most common side effects 
were dizziness, somnolence, ataxia, peripheral edema, 
asthenia, dry mouth and diarrhea, reported by �5% of 
participants [72, 73]. The combined NNT from these 
studies was calculated to be 4.4 (95% CI 3.3–6.10). 

A slightly different picture emerges from a study 
involving 305 patients with neuropathic pain of vari-
ous etiologies among whom there were 43 with PHN 
[74]. The inclusion and exclusion criteria were similar 
to those of Rice et al. [73]. The trial lasted a total of 
8 weeks including an uptitration phase of 2–5 weeks 
during which dose escalation continued until patients 
reported a reduction in daily pain by at least 50% or 
the final target dose of 2400 mg/day was reached. Of 
the 305 entered, 234 (77%) completed the study. The 
authors report that the study demonstrates the supe-
riority of gabapentin over placebo, with the mean 
daily pain score for the previous 7 days reduced 1.5 in 
the active drug group versus 0.5 in the placebo group 
(rank-based ANCOVA, P � 0.048). The treatment 
difference of 0.5 is amongst the lowest ever reported 
in studies showing efficacy in neuropathic pain. The 
authors also state that at weeks 7 and 8 there was no 
difference between placebo and gabapentin. Self-
reports of allodynia, hyperalgesia, burning pain and 
shooting pain did not show a difference between the 
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study groups. However, the Patient and Clinician 
Global Impression of Change favored gabapentin. Of 
the SF-36 measures, emotional role and social func-
tioning improved more in the gabapentin group. 
A post hoc analysis showed similar responses to 
gabapentin in each pain syndrome included in the 
study, allowing the results to be extrapolated to PHN.

Gabapentin has a mode of action that seems to be 
restricted to the voltage-gated calcium channels (and 
specifically mediated by the α2δ subunit) of the recep-
tors which are expressed in dorsal root ganglia and 
central terminals of neurones in neuropathic pain 
[75] with little effect on other ion channels or opioid 
receptors. Combining treatments with medications 
from different classes is regular clinical practice but 
controlled trials are few. Gilron and co-authors [76] 
devised a randomized four-way cross-over study in 
which gabapentin alone, morphine alone, combina-
tion of the two and active placebo (lorazepam) were 
compared. There were 57 patients with either PHN 
(n � 22) or painful diabetic neuropathy (n � 35). 
Each treatment arm lasted 5 weeks during which 
the drugs were uptitrated to the maximum toler-
ated dose. The gabapentin-morphine combination 
(mean daily dose of gabapentin: 1705 � 38 mg; mor-
phine: 34.4 � 2.6 mg) was more effective than mor-
phine alone (45.5 � 3.9 mg/day) or gabapentin alone 
(2207 �  89 mg/day), while all three active treatments 
were superior to placebo. Combined gabapentin and 
morphine caused more constipation than gabapentin 
alone and more dry mouth than morphine alone [76].

Pregabalin
As far as the pharmacologic properties of pregaba-
lin are concerned, there are few differences between 
gabapentin and pregabalin, as both block the α2δ 
subunit of the voltage-gated calcium channel to pre-
vent neurotransmitter release. The significant differ-
ences relate to better pharmacokinetics of pregabalin, 
with a need for no more than two administrations 
per day. Three multicenter, fixed-dose, parallel-group 
trials with a similar design consistently showed supe-
riority of pregabalin over placebo [77–79]. The dura-
tion of the trials ranged from 8 to 13 weeks. Previous 
lack of response to gabapentin was an exclusion cri-
terion. Concomitant analgesia was allowed (including 
opioids, antiepileptic and antidepressant drugs), and 
the primary efficacy measure was change in pain at 

the end of the study. Sleep, mood and quality of life 
were measured as secondary outcomes. In the first 
study, the dose was force titrated to 600 mg/day (with 
one-third remaining on 300 mg/day due to low creat-
inine clearance). Reduction in mean pain scores was 
significantly greater in the pregabalin than placebo 
group (mean treatment difference –1.69 (95% CI 
–2.33 to –1.05). Of the secondary outcome measures, 
sleep and mood improved but quality of life did not 
(apart from general health perception and, inevita-
bly, bodily pain) [77]. In another multicenter trial of 
8 weeks’ duration, 238 patients were randomized to 
receive pregabalin 150 mg day, 300 mg/day or placebo. 
The reduction in daily pain was significantly greater 
with pregabalin than placebo in both the 150 mg/day 
(mean difference �1.20 (95% CI 11.81 to �0.58)) 
and 300 mg/day groups (mean difference �1.57 (95% 
CI �2.20 to �0.95)). Sleep and mood, but not qual-
ity of life, improved significantly as well [78]. 

In the third study, 370 patients with PHN were 
randomized to receive either placebo or three doses 
of pregabalin, 150 mg/day, 300 mg/day and 600 mg/day, 
in a 13-week trial (including a 1-week titration phase) 
[79]. Pregabalin showed an increase in effect with 
increasing dosage. Weekly mean pain scores rated 
on an 11-point scale improved steadily in all groups 
and were greatest in the 600 mg/day group. Sleep 
improved in all active drug groups more than in the 
placebo group. 

Gabapentin and pregabalin are, generally speaking, 
well tolerated although there are significant individual 
variations. The side effect profiles are identical, with 
dizziness, somnolence, dry mouth, weight gain, periph-
eral edema, blurred vision and constipation. Also cog-
nitive problems and injuries due to falls are reported in 
some studies [77–79].

Opioids
Oxycodone titrated up to 60 mg/day was reported 
to reduce pain more than placebo in a double-blind 
cross-over study in which 50 patients were recruited 
[80]. Other stable analgesic medication was allowed, 
and 30% of the patients were on antidepressant med-
ication. Of the total of 50 patients enrolled, 12 (24%) 
failed to complete the study, with one patient with-
drawing because of side effects, the rest due to lack of 
efficacy. Oxycodone reduced steady pain, short-lived 
pain and allodynia more than placebo [80]. From 
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the dichotomous data provided, the NNT was calcu-
lated to be 2.5 (95% CI 1.7–5.1). Controlled-release 
morphine was evaluated against nortriptyline (or 
desipramine) in a three-way double-blind cross-over 
study. Of the 76 patients initially randomized, 44 
completed all three treatment arms [81]. Morphine 
(or, in case it was not tolerated methadone) reduced 
pain more than did tricyclic antidepressants (see 
paper) with an NNT of 2.79 (95% CI 2.0–4.6) versus 
NNT for tricyclics 3.73 (95% CI 2.43–7.99). In this 
study patients also expressed preference for opioids 
over tricyclics despite more frequent side effects. 

In a controlled trial lacking placebo, high (0.75 mg/
day) and low (0.15 mg/day) doses of levorphanol were 
compared in a group of patients with various neuro-
pathic pains, of which 18 had PHN [82]. The pain 
reduction was 42% in the high and 10% in the low 
levorphanol group. IV morphine (0.3 mg/kg infused 
over 1 hour) reduced ongoing pain. 

One placebo-controlled parallel-group trial was 
published in 2003, involving 127 patients who 
received flexible dosing between 100 mg and 400 mg/
day of tramadol over 6 weeks [83]. Both per proto-
col and ITT analyses were reported. The mean daily 
dose in the tramadol group was 276(90)mg/day. 
Sixteen (25%) patients in the tramadol group and 
five (8%) in the placebo group prematurely discon-
tinued the trial. Tramadol was reported to be supe-
rior to placebo, with an NNT of 4.7 (95% CI 2.9–19) 
in the ITT analysis. The wide 95% CI is noteworthy, 
and caution is recommended in drawing conclusions 
about its usefulness without corroboration from 
other studies [56]. 

Well-known side effects associated with the use 
of opioids are constipation, sedation, dizziness, nau-
sea and vomiting, pruritus and urinary retention. 
Prophylactic use of antiemetics and laxatives may 
be considered. The risk for addiction in the general 
pain population appears low in long-term follow-up 
studies [84, 85] but there are no data relating specifi-
cally to patients with PHN. International guidelines 
recommend chronic opioids as second- or third-line 
treatments, reflecting these concerns.

Topical lidocaine
Three studies have evaluated the efficacy of topical 
lidocaine in patients with PHN [86–88]. Hempenstall 
and co-authors included only results published in 

original full communications, whereas Khaliq and 
co-authors also included a randomized study that 
had only appeared as an abstract (with added data 
obtained from the US Food and Drug Administration) 
[56,60]. Both reviews concluded that topical lidocaine 
is superior to placebo. Further support for its efficacy 
comes from a double-blind, vehicle-controlled, two-
way, cross-over trial conducted in patients with diverse 
peripheral neuropathic pains [89]. Of the participants, 
55% had PHN. Each treatment arm lasted 7 days and 
was provided as an add-on to existing medication. 
Lidocaine plaster was superior to the vehicle patch, 
with a moderate effect size of 0.4 and an NNT (50%) 
of 4.4 (95% CI 2.1–17.5) for pain and 8.4 (3.5–α) for 
allodynia [89]. Lidocaine patches are well tolerated, 
with local irritation of the skin emerging as the only 
significant side effect. If not used over broken skin, 
systemic absorption is considered negligible [60]. The 
European Federation of Neurological Sciences Task 
Force recommends lidocaine plasters as the first-line 
treatment in focal painful neuropathies (such as PHN), 
and it is licensed for this indication in some European 
countries [61]. 

Other pharmacotherapies
A single RCT of 8 weeks duration reported valproic 
acid (1000 mg/day) to be highly efficacious compared 
to placebo in 42 patients with PHN. The treatment 
difference was –2.4 at the end of the trial, with 48% 
reported to be much or moderately improved versus 
15% on placebo, leading to an NNT of 2.1 (95% CI 
1.4–4.2). Only one patient withdrew due to an adverse 
event (vertigo) and only mild and transient central 
nervous system side effects were reported by three 
other patients. This small study with such promising 
results needs corroboration; however, guidelines on 
neuropathic pain recommend valproate as a second-, 
third- or fourth-line option [61–63].

The two systematic reviews and individual 
Cochrane reviews reach similar conclusions and rec-
ommendations on a number of drugs in the man-
agement of PHN, including tricyclic antidepressants, 
gabapentin, pregabalin, certain opioids, topical lido-
caine, and moderate evidence for tramadol (Table 
18.1) [55–60]. Other agents that have been subjected 
to smaller and lower quality trials require consider-
able discretion on the part of the reviewers, and it 
is in these circumstances that the reviewing panels 
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of interleukin-8 in the cerebrospinal fluid halved 
during the treatment and this change correlated with 
pain relief. No complications were reported and MRI 
taken at the end of the intrathecal injections and a 
year later showed no change in the spinal cord. There 
has been little enthusiasm in the pain community 
to take up this practice and a corroborative study 
with a focus on safety measurement is very much in 
demand.

Adverse effects 
Adverse effects have been presented in several differ-
ent ways. It is probably not useful to generalize from 
individual studies considering the methodologic dif-
ferences of data collection, estimation of severity, 
dosaging, inclusion and exclusion criteria and policies 
of patient withdrawal. A crude method adopted by 
Hempenstall and co-workers was to calculate number 
needed to harm (NNH) based on withdrawals from 
studies due to side effects [56]. An abbreviated list is 
presented in Table 18.1.

Detailed information is readily available for the 
pharmacokinetics and side effect profiles of individual 
drugs, their indications and contraindications in dif-
ferent patient populations and different age groups. 
The reader is strongly advised to use such material to 
become fluent with the pharmacologic properties of 
the drugs they choose to prescribe. 

Cost-effectiveness
Relatively few studies have been published on relative 
costs of pharmacologic therapies. Because the costs are 
not stable, many reports are obsolete by the time they 
are published. From the reader’s viewpoint, a confus-
ing feature is the variability of of criteria for economic 
costings and economic models used. Depending on 
the authors, all recommended pharmacologic agents 
emerge as cost-effective from the analyses [91–95]. 
Regarding treatments in the UK in late 2007, the fol-
lowing were inexpensive: all tricyclics, gabapentin, 
tramadol, morphine, methadone, sodium valproate, 
whereas oxycodone was moderately expensive and 
pregabalin and lidocaine plasters expensive.

Nonpharmacologic treatments
Two studies appear to have been published on the use 
of neurostimulation in PHN. In 62 patients weekly 
acupuncture was compared to mock TENS over eight 

reach different conclusions. Hempenstall and co-
workers took the view that capsaicin has the poten-
tial to provide pain relief whereas Dubinsky et al. 
considered the magnitude of improvement too small 
for clinical usefulness [55, 56]. The efficacy of topical 
aspirin was considered possibly effective in one but 
not the other review [55, 56]. Both panels, however, 
agree on the lack of efficacy of NMDA antagonists, 
lorazepam, topical indomethacin, iontophoresis of 
vincristine, epidural morphine, and epidural meth-
ylprednisolone. There is also some difference in how 
the reviewers classified treatments as either “proven 
ineffective” or “inadequately tested,” e.g. vitamin E, 
zimeldine, subcutaneous cronaissal and intravenous 
lidocaine [55, 56]. Over the years very large numbers 
of treatments have been advocated but not subjected 
to any form of critical analysis and these are not dis-
cussed further here. 

Finally, a controversial paper was published on the 
efficacy of intrathecal methylprednisolone in chronic 
intractable PHN [90]. None of the systematic reviews 
or existing guidelines accept the results to the point of 
recommending this therapy in spite of the dramatic 
results reported. In this multicenter study from Japan 
published in 2000, 277 patients with intractable PHN 
were randomized to receive four intrathecal injections 
of methylprednisolone (60 mg) and 3% lidocaine, or 
3% lidocaine. Control patients received no injections. 
Pain and allodynia at the end of the treatment period, 
4 weeks, 1 year and 2 years consistently and substan-
tially favored IT methylprednisolone. Concentration 

Table 18.1 Efficacy of treatments estimated from 
systematic reviews*

Agent NNT** NNH***

Tricyclic antidepressants 2.6 (2.1–3.5) 5.7 (3.3–18.6)
Gabapentin 4.4 (3.3–6.1) 4.1 (3.2–5.1)
Pregabalin 4.9 (3.7–7.6) 4.3 (2.8–9.2)
Strong opioids 2.7 (2.1–3.8) 3.6 (2.2–10.2)
Tramadol     4.8 (2.6–27.0)
Topical lidocaine 2.0 (1.4–3.3)
Topical capsaicin 3.3 (2.3–5.9) 3.9 (2.5–8.6)
IT methylprednisolone 1.1 (1.1–1.2)
Sodium valproate   2.1 (1.4–20.6)

*Hempenstall et al. [56] modified; ** NNT numbers needed to treat for 
50% pain relief compared to placebo; ***NNH, numbers needed to 
harm (minor harm).
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sessions [96]. No difference in pain relief was found 
between the two groups: in both, approximately one-
fifth reported improvement irrespective of the treatment. 
Genuine TENS was inferior to combined clomipramine 
and carbamazepine in a moderate-quality study involv-
ing 29 patients (odds ratio 0.15; 95% CI 0.03–0.7) [97]. 
There is currently insufficient evidence to support the 
use of either acupuncture or TENS in PHN.

Although controlled studies demonstrate that spinal 
cord stimulation (SCS) is effective in some neuropathic 
conditions, none have been published on PHN. In one 
case series of 28 patients good results were reported 
from SCS in 82% of patients with PHN [98]. Patients 
were those responding to a sympathetic block and did 
not have sensory deficits. The effect of SCS was tested 
at times by switching off the stimulator. There were 
10 patients who recovered, five who developed pro-
gressive dementia and one who only reported pain at 
2/10 during 60 hours of nonstimulation. Unequivocal 
long-term benefit was therefore seen in 12/28 (40%) 
in this carefully chosen patient population. A prop-
erly controlled trial seems warranted in view of these 
results. 

For neuroablative surgical interventions, several 
small case series have been published. These range 
from neurectomy to dorsal root entry zone ablation, 
spinal trigeminal nucleotractotomy and stereotactic 
radiosurgery of the trigeminal root [99]. The reported 
outcomes suggest satisfactory pain relief lasting 2 or 3 
years. These results are highly contentious and almost 
certainly represent a small number of surgical inter-
ventions attempted with a strong publication bias. 
The data are far too limited and methodologic flaws 
too significant in the reports to allow any recommen-
dation on the use of neurodestructive procedures.

Author’s recommendations

The author is an advocate of use of combination medi-
cation in PHN. Although properly controlled studies 
are few [76], most well-controlled studies have allowed 
the continuation of stable analgesia throughout tri-
als, in effect assessing efficacy of  add-on treatment. 
The mode of action of topical lidocaine, gabapenti-
noids, tricyclics and opioids is sufficiently different to 
justify their combined use. The finding by Raja et al. 
that patients with PHN would respond differently to 
tricyclics and opioids is in line with this thinking [80]. 

The author’s practice is based on sequential addition 
of medication with a firm target set in mixture of sev-
eral agents to optimize pain relief with acceptable side 
effects. Choice of pharmacologic agents follows the 
recommendations of the EFNS [61]. The treatment is 
commenced with topical lidocaine (except in case of 
severe deafferentation) in conjunction with a gabapen-
tinoid. A tricyclic antidepressant (occasionally an SNRI) 
is added if not contraindicated in most cases, as soon as 
the effect of the gabapentinoid is established. Ineffective 
treatment is stopped whereas in refractory cases 
low-dose strong opioids are introduced. It is critical 

Box 18.2 Treatment of 
established postherpetic 
neuralgia

Interventions supported by evidence
Tricyclic antdepressants   
Gabapentin    
Pregabalin    
(Strong) opioids    
Topical lidocaine    
Tramadol    
Capsaicin (0.075%)   

Interventions refuted by evidence
Epidural morphine
Epidural methylprednisolone
NSAIDs
NMDA antagonists
Lorazepam
Intravenous lidocaine
Acupuncture
Vincristine by iontophoresis

Uncertain – inconsistent or insufficient data
Intrathecal methylprednisolone   
Sympathetic blockade
Spinal cord stimulation
TENS   
Topical aspirin      
Sodium valproate    
Carbamazepine
Paracetamol
Mild opioids (codeine, dihydrocodeine)

Modified from Dubinsky et al. [55]), Hempenstall et al. [56], 
Saarto & Wiffen [57], Wiffen et al. [58], Eisenberg et al. [59], 
Khaliq et al. [60], Attal et al. [61].
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to engage the patient in understanding the target of 
achieving the best benefit/adverse effect ratio rather 
than excellent pain relief. A key aspect of patient edu-
cation is to provide a decent prognosis for the recov-
ery, discussed in this chapter. Very refractory cases are 
very rare so an element of optimism and hope can be 
offered while gently curtailing the patient’s expecta-
tions with realism. 

Many treatments I have seen colleagues endorse, 
e.g. local injections, TENS, desensitization therapy, 
continuing search for an effective drug, hypnosis, 
herbal treatment or other forms of complementary 
therapy, are not in my armamentarium. I have used 
spinal cord stimulation with variable success and in 
relatively young (�70 years) patients who have been 
refractory (or more commonly entirely intolerant 
of most medications). Most patients with refractory 
PHN, however, are elderly and have relative contrain-
dications to spinal cord stimulation, so its use in gen-
eral is very limited. I remain reluctant to recommend 
either neuroablation or demanding neuromodulation, 
such as deep brain stimulation. Although depression 
and anxiety are common in this condition, psychi-
atric treatment rarely helps as colleagues are easily 
overwhelmed by the patient’s pain presentation, and 
I believe that a sympathetic clinician with some 
understanding of and tolerance toward psychologic 
distress will be able to help their patient more. 

Research priorities

Although successful programs have been initiated 
to vaccinate children against chickenpox and elderly 
people against HZ, we are far from globally eradi-
cating the virus and in all likelihood will be treat-
ing patients with PHN during the next few decades. 
Much research will be needed to establish how effec-
tively PHN can be prevented through immunization. 
Interventions during HZ to prevent PHN are too lit-
tle researched, partially due to limited understanding 
of the pathophysiology of prolonged pain. A better 
understanding of the transition of HZ to PHN may 
reveal a new target for preventive treatment. Whereas 
highly invasive interventions possibly have a poten-
tial to lessen the development of PHN [44, 45], they 
are not practical in the clinic, and lesser interventions 
are not helpful [43]. We need studies to establish 
whether substantial pain relief per se (irrespective of 

the method used) in the acute stage is sufficient to 
prevent PHN or whether a more precise alteration 
in neural signaling is required. As is the case with 
other neuropathic pain conditions, better treatment 
outcomes for chronic PHN will require a leap in 
 pharmacologic development. The goal of mechani-
cally based treatment of neuropathic pain remains 
realistic but advances toward it have been slow. 
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CHAPTER 19

Phantom limb pain
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Introduction

Virtually all amputees experience phantom-
phenomena following limb amputation. The patients 
feel that the missing limb is still present, and some 
may have vivid sensations of shape, length, posture 
and movement. Such nonpainful phantom sensations 
rarely pose any clinical problem, but 60–80% of all 
amputees also have painful sensations located to the 
missing limb. Stump pain is another consequence of 
amputation, but in most patients the pain subsides 
within a few weeks. However, some patients develop 
chronic pain located to the stump. Phantom limb 
sensation, phantom limb pain and stump pain often 
co-exist in the same patient and the elements may be 
difficult to separate. 

The present chapter will focus on phantom limb 
pain. The following definitions will be used.

Phantom limb sensation: any sensation of the miss-
ing limb, except pain. 
Phantom limb pain: painful sensations referred to 
the missing limb. 
Stump pain: pain referred to the amputation 
stump.

Pathophysiology

The mechanisms underlying phantom limb pain 
are not fully known despite extensive research in the 
area. The development of animal models that mimic 

•

•

•

neuropathic pain and research in other neuropathic 
pain conditions have, however, contributed signifi-
cantly to the understanding of phantom limb pain. It 
is now clear that nerve injury is followed by a number 
of morphologic, physiologic and chemical changes 
in both the peripheral and central nervous sys-
tems, and that these changes are likely to play a role 
in the induction and maintenance of phantom limb 
pain [1]. An overview of the mechanisms involved is 
 presented in Figure 19.1.

Peripheral factors
Several clinical studies support the notion that mech-
anisms in the periphery (i.e. in the stump or in cen-
tral parts of the sectioned afferents) play a role in the 
phantom limb concept. 

Phantom limb pain is significantly more frequent in 
amputees with long-term stump pain than in those 
without persistent pain [2]. 
Stump pathology with altered stump sensibility is a 
common feature.
Phantom pain and pressure pain thresholds at the 
stump are inversely correlated early after amputa-
tion [3].
Phantom sensations can be modulated by various 
stump manipulations [4]. 
Tapping of neuromas may increase phantom pain.
Phantom limb sensations are temporarily abolished 
after local stump anesthesia.
Changes in blood flow may alter the phantom limb 
perception.

These clinical observations are supported by experi-
mental studies. Following a nerve cut, formation of 
neuromas is seen universally. Such neuromas show 
spontaneous and abnormal evoked activity following 

•

•

•

•

•
•

•
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mechanical or chemical stimulation. The ectopic 
and increased spontaneous and evoked activ-
ity from the periphery is assumed to be the result 
of an increased expression of sodium channels. In 
the dorsal root ganglion (DRG) cells, changes also 
occur following a complete nerve cut. Cell bodies in 
the DRG show abnormal spontaneous activity and 
increased sensitivity to mechanical and neurochem-
ical stimulation. The sympathetic nervous system 
may also play an important role. From animal stud-
ies it is known that application of noradrenaline at 
the stump or activation of the postganglionic sym-
pathetic fibers excites and sensitizes damaged but 
not normal nerve fibers.

Spinal factors
Clinical observations show that spinal factors must 
be involved in the generation of phantom limb pain. 
For example, phantom limb pain may appear or dis-
appear following spinal cord neoplasia. Aydin et al. 
[5] described a woman who suffered from phantom 
limb pain following lower limb amputation at the 
age of 5 years. At the age of 65 years, the pain gradu-
ally disappeared, paralleling the evolution of cauda 
equina compression due to an intraspinal tumor. The 
phantom limb pain gradually reappeared after surgi-
cal removal of the tumor. Case reports have suggested 
that spinal analgesia may provoke phantom limb pain 

and that spinal analgesia should be contraindicated 
in amputees. However, in a prospective study of 17 
patients with previous lower limb amputation under-
going 23 spinal anesthetics, only one patient devel-
oped phantom limb pain [6]. 

Experimental and human studies confirm that spi-
nal factors are involved in the generation of phantom 
limb pain. The increased barrage from neuromas 
and from DRG cells is thought to induce long-term 
changes in centrally projecting neurones in the dor-
sal horn, including  spontaneous  neuronal activity, 
induction of immediate early genes, increases in spinal 
metabolic activity and  expansion of receptive fields. 

Another type of reorganization may also be present 
and contribute to central sensitization. Substance P 
is normally expressed in small afferent fibers but fol-
lowing nerve injury, substance P may be expressed in 
large Aß fibers. This phenotypic switch of large Aß 
fibers into nociceptive-like nerve fibers may be one of 
the reasons why non-noxious stimuli can be perceived 
as painful. The pharmacology of spinal  sensitization 
involves an increased activity in N-methyl-D-aspar-
tate (NMDA) receptor-operated systems, and many 
aspects of the central sensitization can be reduced by 
NMDA receptor antagonists. In human amputees, the 
evoked stump or phantom pain caused by repetitively 
stimulating the stump can be reduced by the NMDA 
antagonist ketamine [7].

Figure 19.1 A schematic diagram 
of the areas involved in the 
generation of phantom limb pain 
and the main  peripheral and central 
mechanisms.
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Supraspinal factors
Amputation produces a cascade of events in the 
periphery and in the spinal cord. It is reasonable to 
assume that these changes will eventually sweep more 
centrally and alter the neuronal activity in cortical 
and subcortical structures. Also the phantom limb 
concept, with its complex perceptual qualities and its 
modification by various internal stimuli (e.g. atten-
tion, distraction or stress), shows the phantom image 
to be a product of the brain.

Animal studies have demonstrated functional plasticity 
of the primary somatosensory cortex after amputation. 
After dorsal rhizotomy, a lowered threshold to evoked 
activity in the thalamus and cortex can be demonstrated, 
and adult monkeys display cortical reorganization in 
which the mouth and chin invade cortices corresponding 
to the representation of the arm and digits that have lost 
their normal afferent input [8–9].

Studies in humans have also documented cortical 
reorganization after amputation using different cer-
ebral imaging techniques. In a series of studies Flor 
et al. [10, 11] showed a correlation between phantom 
pain and the amount of reorganization in the somato-
sensory cortex. Birbaumer et al. [12] studied the effect 
of regional anesthesia on cortical  reorganization in 
upper limb amputees and found that a brachial plexus 
blockade abolished pain and reorganization in three 
out of six amputees. Huse et al. [13] showed in a small 
group of amputees that  cortical  reorganization and 
pain were reduced during  treatment with morphine. 

Changes have also been observed at more subcor-
tical levels. Using neuronal recording and stimulation 
techniques, thalamic neurones that do not normally 
respond to stimulation in amputees begin to respond 
and show enlarged somatotopic maps [14]. In addi-
tion to functional plasticity, structural alterations also 
follow amputation. Draganski et al. [15] recently dem-
onstrated a decrease in the gray matter of the thala-
mus in 28 amputees. The decrease was correlated with 
the time span after the amputation and explained as a 
structural correlate of the loss of afferent input.

Epidemiology

Phantom limb pain
The reported prevalence of phantom pain varies much 
in the literature. Very early studies claimed that the 
prevalence was 2–4%, but today most studies agree 

that 60–80% of all amputees experience phantom pain 
following amputation. The prevalence of phantom 
pain seems to be independent of age in adults, gender, 
side or level of amputation and cause (nontraumatic 
 versus traumatic) of the amputation. Interestingly, 
phantom limb pain is more frequent when the ampu-
tation occurs in adulthood, less frequent in child 
amputees and virtually nonexistent in congenital 
amputees.

Prospective studies in patients amputated mainly 
because of peripheral vascular disease have shown 
that the onset of phantom pain is usually within the 
first week after amputation [16, 17]. Amputees who 
do not experience phantom pain in the first days or 
weeks after amputation are less likely to develop phan-
tom pain later in the course. Richardson et al. [17] 
prospectively examined the incidence of phantom 
pain in 52 amputees. Phantom pain was reported by 
92.3% in the first week after amputation and by 78.8% 
after 6 months. The onset of phantom pain, however, 
can be delayed for months or even years. In some 
cases a trauma to the stump can elicit phantom pain 
in a previously pain-free individual. The exact long-
term course of phantom limb pain is unclear because 
no prospective studies with long-term (many years) 
 follow-up exist. Some prospective studies with a maxi-
mum  follow-up period of 2 years have reported a slight 
decline in the proportion of patients affected over time.

Phantom limb pain is episodic in nature, and only 
few amputees are in constant pain. Diary studies have 
shown that most amputees report pain attacks to 
occur daily or at daily or weekly intervals.

The reported intensity of phantom pain varies 
between studies. In a recent study of 57 amputees, the 
average phantom pain intensity was 2.05 on a numeric 
rating scale (0–10) 24 months after the amputation 
[18]. In another recent study of 914 amputees, pain 
was classified into three categories: 38.9% experienced 
severe pain intensity (rating 7–10), 26.4% experienced 
moderate pain intensity (rating 5–6) and 34.7% expe-
rienced mild pain intensity (rating 1–4) [19].

Phantom limb pain can have several different qual-
ities and is often described as shooting, pricking, stab-
bing, throbbing, burning, pin and needles, tingling, 
crushing or cramping. The pain seems to be more 
intense in the distal portions of the missing limb: fin-
gers and palm in upper limb amputees, toes, foot and 
ankle in lower limb amputees. In a prospective study 
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of 52 amputees, the position of phantom pain within 
the phantom limb was in the toes or the foot in 66.7% 
of cases [20]. These distal parts of the limbs are repre-
sented by a larger area in the sensory cortex compared 
to more proximal parts, and this may play a role in the 
more frequent phantom experience of hands and feet. 

Phantom limb sensations
Phantom sensation is experienced by almost everyone 
who undergoes limb amputation, but it rarely repre-
sents a clinical problem. Immediately after the am-
putation, the phantom limb often resembles the 
preamputation limb in shape, size and volume. The 
sensation can be very vivid and often includes feelings 
of posture and movement. The phantom sensation 
may fade over time. One hundred and twenty-four 
upper limb amputees were asked about the frequency 
of phantom sensations a median time of 19 years after 
amputation. Forty percent experienced phantom sen-
sations always, another 20% had phantom sensations 
daily, and the rest had sensations at intervals of weeks, 
months or even years [2].

In some patients, a phenomenon called telescop-
ing occurs when the distal parts of the phantom are 
 gradually felt to approach the residual limb, and even-
tually they may even be experienced within the stump. 
It has been suggested that phantom pain prevents 
 telescoping, but Montoya et al. [20] failed to find such 
a relation: 12/16 patients with phantom pain and 5/10 
patients without pain reported telescoping. 

Stump pain
Not surprisingly, stump pain is common in the early 
postoperative period, but in most patients it subsides 
with healing. In some patients, however, stump pain 
persists beyond the stage of surgical healing. The 
prevalence of chronic stump pain is reported to vary 
between 5% and 100%. In a survey of 78 traumatic 
amputees, 14.1% suffered from severe and constant 
pain in the stump [21]. Similar results have been 
found by others in patients who have undergone 
amputation for different reasons, including medical. 

Stump pain may be described as pressing, throb-
bing, burning, squeezing or stabbing. Some patients 
have spontaneous movements of the stump, ranging 
from slight, hardly visible jerks to severe contractions. 

Careful sensory examination of amputation stumps 
may reveal areas with sensory abnormalities such as 

hypoesthesia, hyperalgesia or allodynia. However, it 
is not clear whether there is any correlation between 
phantom pain and the extent and degree of sensory 
abnormalities in the stump. Hunter et al. [22] care-
fully examined the stump in 12 traumatic upper limb 
amputees but failed to find any simple relation between 
psychophysical thresholds and phantom phenomena. 

Stump pain and phantom pain are strongly corre-
lated. Carlen et al. [23] noted that phantom pain was 
decreased by the resolution of stump-end pathology. 
In a survey of 648 amputees, stump pain was present 
in 61% of amputees with phantom pain, but in only 
39% of those without phantom pain [24]. Similar 
results have been found in other studies.

Risk factors

Preamputation pain
Both retrospective and prospective studies have 
pointed to preamputation pain as a risk factor for 
phantom pain. The hypothesis is that preoperative 
pain may sensitize the nervous system, thus making 
the individual very susceptible to the development of 
phantom pain. 

In a study by Houghton et al. [25], there was a sig-
nificant relationship in vascular amputees between 
preamputation pain and phantom pain. In traumatic 
amputees, phantom pain was only related to pream-
putation pain immediately after the amputation. In a 
study of mostly vascular amputees, a correlation was 
found between preoperative pain and phantom pain 
1 week and 3 months after the amputation, but not 
after 6 months. However, some patients with severe 
preoperative pain never developed phantom pain, 
while others with traumatic amputations who never 
experienced pain before the amputation developed 
phantom pain to the same extent as patients with 
long-standing preamputation pain amputated for 
medical reasons [16]. 

In a recent prospective study, the associations of 
preamputation pain and acute postoperative pain 
with chronic amputation-related pain were examined 
in 57 lower limb amputees. The acute postamputa-
tion pain intensity was the only significant inde-
pendent predictor of chronic phantom pain at 6 and 
12 months after amputation, whereas the preamputa-
tion pain intensity was the only significant predictor 
of chronic phantom at 24 months [18].
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Another issue concerns the extent to which phan-
tom pain is a revivification of pain experienced before 
the amputation. Remarkable case reports show that 
phantom pain may mimic the pain experienced before 
the amputation in both character and localization. For 
example, Hill et al. [26] described a woman who had 
her left leg amputated because of recurrent wound 
infection. The most distressing preoperative pain was 
invoked by the treatment carried out on the open 
drainage site on the calf, which required  cleaning and 
repacking twice daily. Immediately after the amputa-
tion, the patient experienced phantom pain localized 
to the open drainage site that was no longer there. 

In a retrospective study by Katz & Melzack [27], 
68 patients were questioned about preamputation 
pain and phantom pain from 20 days to 46 years 
after amputation. A very large proportion (57%) of 
amputees with preamputation pain claimed that their 
present phantom pain resembled the pain they had 
before the amputation. Prospective studies, however, 
in which pain is described before and at intervals after 
the amputation suggest that preamputation pain only 
persists as phantom pain in very few cases. In a study 
by Nikolajsen et al. [16], 56 patients were interviewed 
before and at specific time intervals after the ampu-
tation about the character and localization of the 
pain. This was done using different word descriptors: 
the McGill Pain Questionnaire and their own words. 
About 42% of the patients reported that their phan-
tom pain resembled the pain they had experienced 
at the time of the amputation. There was, however, 
no relation between the patients’ own opinion about 
similarity between the preamputation pain and the 
phantom pain and the actual similarity found when 
comparing pre- and postoperative recordings of the 
pain. The patients significantly overestimated the 
preamputation pain intensity after 6 months. Thus, 
retrospective memories about pain should be judged 
carefully because of the type of assessment and poten-
tial errors in retrospective reports. It is likely that pain 
experienced preoperatively may survive as phantom 
pain in some patients, but this is not the case in the 
vast majority of patients. 

Psychologic factors
Losing a limb is a traumatic experience and amputees 
often exhibit a range of psychologic symptoms such 
as depression, anxiety, self-pity and isolation. It has 

previously been proposed that complaints of per-
sisting pain were related to patients with a rigid, 
self- reliant personality and to unemployment or 
retirement. There is, however, no evidence that phan-
tom pain represents a psychologic disturbance. It 
has been shown that coping strategies are important 
for the experience of phantom pain and as in other 
chronic pain conditions, phantom pain may be trig-
gered and exacerbated by psychosocial factors.

Desmond et al. [28] recently investigated psycho-
logic distress among 582 amputees with long-term 
amputations and showed that distress was related 
to residual limb pain. In another recent study, 
depressive symptoms were found to be a significant 
predictor of the level of pain intensity and bother-
someness [19].

Others have looked at pain-related disability and 
rehabilitation. A study in The Netherlands examin-
ing the occupational situation of people with lower 
limb amputations found that amputees experiencing 
a long delay between the amputation and their return 
to work had difficulty in finding suitable jobs and had 
fewer opportunities for promotion [29].

Other factors
Evidence is growing that the individual’s genetic 
predisposition to develop neuropathic pain may 
be  important. On the other hand, Schott described 
an interesting case in which five members of a fam-
ily sustained traumatic amputations of their limbs. 
The development of phantom pain was unpredict-
able despite their being first-degree relatives [30]. An 
inherited component is not always a feature of phan-
tom pain.

Phantom pain may also be related to several inter-
nal and external factors, such as attention, emotional 
stress, anxiety and autonomic reflexes such as cough-
ing and urination. A certain position or movement 
of the phantom and manipulation of the stump 
can affect the phantom pain, and pain may also be 
 elicited or exacerbated by a range of physical factors, 
for example weather changes.

Interventions

Treatment of chronic postamputation pain repre-
sents a major challenge to the clinician, in particular 
the treatment of phantom pain. There is only little 
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evidence from randomized trials to guide clinicians 
with treatment, and most studies dealing with phan-
tom pain suffer from major methodologic errors: 
samples are small, randomization and blinding are 
either absent or inappropriate, controls are often lack-
ing and follow-up periods are short. Halbert et al. [31] 
performed a systematic literature search (Medline 
1966–99) to determine the optimal management of 
phantom pain. The authors identified 186 articles, 
but after exclusion of letters, reviews, descriptive tri-
als without intervention, case reports and trials with 
major methodologic errors, only 12 articles were left 
for review. Since then, some well-designed studies 
have been published. Until more clinical data become 
available, guidelines in analogy with treatment regi-
mens used for other neuropathic pain conditions are 
probably the best approximation, especially for the 
treatment of stump pain. A combination of medical 
and nonmedical treatment may be advantageous. In 
general, treatment should be noninvasive. Surgery on 
the peripheral or central nervous system always impli-
cates further deafferentation and thereby an increased 
risk of persistent pain. 

Medical treatment

Tricyclic antidepressants
A large number of randomized controlled trials have 
shown a beneficial effect of tricyclic antidepressants 
in different neuropathic pain conditions. Only few 
controlled data are available for phantom pain, but 
the drugs are generally believed to be effective, at least 
in some patients. 

A recent study examined the effect of tricyclic anti-
depressants on phantom pain. Thirty-nine patients 
were randomized to receive either amitriptyline or 
active placebo during a 6-week trial period. The dos-
age of amitriptyline was increased until the patient 
reached the maximum tolerated dose or 125 mg/
day. Unfortunately, this study showed no effect of 
amitriptyline on pain intensity or secondary outcome 
measures such as satisfaction with life [32]. In contrast, 
Wilder-Smith et al. [33] found excellent pain relief of 
amitriptyline (mean dose 55 mg) on both stump and 
phantom pain. Ninety-four post-traumatic amputees 
were randomized to receive amitriptyline, tramadol 
or placebo for 1 month. The administration of trama-
dol and placebo was blinded; amitriptyline was given 

nonblinded as open comparison. Nonresponders (less 
than 10 mm pain relief on a VAS from baseline on day 
3) were switched to the alternative active treatment, 
e.g. tramadol to amitriptyline treatment and vice 
versa. Placebo nonresponders were switched to trama-
dol or amitriptyline. Both tramadol and amitriptyline 
almost abolished stump and phantom pain at the end 
of the treatment period.

Gabapentin
Bone et al. [34] examined the effect of gabapen-
tin in a well-designed cross-over study including 
19 patients with phantom pain. The dose of gabapen-
tin was titrated in increments of 300 mg to a maxi-
mum  dosage of 2400 mg per day. After 6 weeks of 
 treatment, gabapentin was better than placebo in 
 reducing phantom pain. Smith et al. [35] administered 
gabapentin or placebo for 6 weeks to 24 amputees in 
a double-blind cross-over fashion. The maximum 
dose given was 3600 mg. Gabapentin did not decrease 
the intensity of pain significantly, but the participants 
rated the decrease of pain as more meaningful during 
the treatment period with  gabapentin All the  above-
mentioned studies examined the effect of  gabapentin 
on established phantom pain. In a recent study, 46 
lower limb amputees were randomized to receive 
either gabapentin or placebo for the first 30 days after 
amputation. The first dose of 300 mg gabapentin/ 
placebo was given on the first postoperative day, and 
the dosage was gradually increased until a  maximum 
of 2400 mg was reached. The intensity, frequency 
and duration of phantom pain attacks were recorded 
daily in the first 30 days and after 3 and 6 months. 
The intensity of stump pain was also recorded and 
sensory testing of the stump was performed. The two 
treatment groups were similar as regards all outcome 
parameters. Thus, early treatment with gabapentin 
started before the phantom pain becomes established 
did not seem to affect outcome [36].

Opioids
Failure to provide efficient pain relief should not 
be accepted until opioids have been tried. In a rand-
omized, double-blind, cross-over study with active 
placebo, 31 amputees received a 40-minute infusion of 
lidocaine (lignocaine), morphine or diphenhydramine. 
Compared with placebo, morphine reduced both 
stump and phantom pain, whereas lidocaine decreased 
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only stump pain [37]. In another placebo-controlled, 
cross-over study including 12 patients, a significant 
reduction of phantom pain during treatment with oral 
morphine was found [13]. Case reports have suggested 
that methadone may reduce phantom pain.

NMDA receptor antagonists
The effect of NMDA receptor antagonists has been 
examined in different studies. In a double-blind, 
 placebo-controlled study, intravenous ketamine 
reduced pain, hyperalgesia and wind-up like pain in 
11 amputees with stump and phantom pain [7]. Three 
other trials have examined the effect of memantine, an 
NMDA receptor antagonist available for oral use. In 
all studies, memantine was administered in a blinded, 
placebo-controlled, cross-over fashion to patients with 
established stump and phantom pain. Memantine at 
doses of 20 or 30 mg per day failed to have any effect on 
spontaneous pain, allodynia and hyperalgesia [38 –40]. 
Schley et al. [41] recently randomized 19 patients with 
traumatic amputations to receive either memantine 
or placebo in combination with a continuous brachial 
plexus blockade in the immediate postoperative phase. 
The dose of memantine was increased from 10 to 30 mg 
during the 4-week treatment period. Treatment with 
memantine resulted in a decrease of phantom pain at 
4-week and 6-month follow-up, but not at 12-month 
 follow-up. Dextromethorphan, another NMDA recep-
tor antagonist, has also been suggested to be effective in 
the  treatment of phantom limb pain.

Other drugs
Calcitonin significantly reduced phantom pain when 
used intravenously in the early postoperative phase 
[42]. A large number of other treatments, for exam-
ple β-blockers, the oral congener of lidocaine (ligno-
caine), topical application of capsaicin, intrathecal 
opioids, various anesthetic blocks, injection of botu-
linum toxin and topiramate, have been claimed to 
be effective in phantom pain, but none of them has 
proved to be effective in well-controlled trials with a 
sufficient number of patients. 

Nonmedical treatment
A recent survey of treatments used for phantom pain 
revealed that after pharmacologic treatments, physi-
cal therapy was the treatment modality most often 

used. Physical therapy involving massage, manipu-
lation and passive movements may prevent trophic 
changes and vascular congestion in the stump. Other 
treatments, such as transcutaneous electrical nerve 
stimulation, acupuncture, ultrasound and hypnosis, 
may in some cases have a beneficial effect on stump 
and phantom pain. At least three studies have exam-
ined the effect of transcutaneous electrical nerve 
stimulation on phantom pain, but the results are not 
consistent. One study showed an effect of a Farabloc, 
a metal-threaded sock to be worn over the stump 
[43]. It has been suggested that visual feedback with 
a mirror can eliminate painful phantom limb spasms. 
In a larger clinical trial of 80 amputees, however, 
Brodie et al. [44] failed to find any significant effect 
of mirror treatment on phantom limb pain, sensa-
tion, and movement. Flor et al. [4] demonstrated that 
sensory discrimination training obtained by apply-
ing stimuli at the stump reduced pain in five upper 
limb amputees. The advantage of most of the above-
mentioned methods is the absence of side effects and 
complications, and the fact that the treatment can be 
easily repeated. However, most of these studies are 
uncontrolled observations. 

Surgical and other invasive treatment
Surgery on amputation neuromas and more exten-
sive amputation previously played important roles 
in the treatment of stump and phantom pain. Today, 
stump revision is probably performed only in cases 
of obvious stump pathology, and in properly healed 
stumps there is almost never any indication for prox-
imal extension of the amputation because of pain. 
The results of other invasive techniques such as, for 
example, dorsal root entry zone lesion sympath-
etectomy and cordotomy have generally been unfa-
vorable, and most of them have been abandoned. 
Surgery may produce short-term pain relief but the 
pain often reappears. Spinal cord stimulation and 
deep brain stimulation are probably effective for the 
treatment of phantom limb pain. As the methods are 
invasive and associated with considerable costs, they 
should only be used for carefully selected patients.

Prevention of phantom pain 
The idea of a pre-emptive analgesic effect in postam-
putation pain was prompted by observations that the 
phantom pain in some cases seemed to be similar to 
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the pain experienced before the amputation, and that 
the presence of severe pain before the amputation 
was associated with a higher risk of postamputation 
phantom pain. These observations led to the theory 
that preamputation pain created an imprint in mem-
orizing structures of the central nervous system, and 
that such an imprint could be responsible for persist-
ent pain after amputation. 

Inspired by this, Bach et al. [45] carried out the first 
study on the prevention of phantom pain. Twenty-five 
patients were randomized by birth year to either epi-
dural pain treatment 72 hours before the amputation 
or conventional analgesics. All patients had spinal or 
epidural analgesia for the amputation, and both groups 
received conventional analgesics to treat postoperative 
pain. Blinding was not described. After 6 months, the 
incidence of phantom pain was lower among patients 
who had received the preoperative epidural blockade. 

Jahangiri and co-workers examined the effect of 
perioperative epidural infusion of diamorphine, 
bupivacaine and clonidine on postamputation stump 
and phantom pain. Thirteen patients received epi-
dural treatment 5–48 h preoperatively and for at least 
3 days postoperatively. A control group of 11 patients 
received opioid analgesia on demand. All patients had 
general anesthesia for the amputation. The incidence 
of severe phantom pain was lower in the epidural 
group 7 days, 6 months and 1 year after amputation 
[46]. The study was not randomized or blinded. 

Nikolajsen et al. carried out a randomized, dou-
ble-blind and placebo-controlled study in which 
60 patients scheduled for lower limb amputation 
were randomly assigned to one of two groups: a 
blockade group that received epidural bupivacaine 
and morphine before the amputation and dur-
ing the operation (29 patients) and a control group 
that received epidural saline and oral or intramus-
cular morphine (31 patients). Both groups had gen-
eral anesthesia for the amputation, and all patients 
received epidural analgesics for postoperative pain 
management. Patients were interviewed about 
preamputation pain on the day before the amputa-
tion and about stump and phantom pain after 1 week 
and 3, 6 and 12 months. The median duration of 
preoperative epidural blockade was 18 hours. After 1 
week, the percentage of patients with phantom pain 
was 51.9% in the blockade group and 55.6% in the 
control group. Subsequently, the percentages were 

(blockade/control): at 3 months, 82.4%/50%; at 6 
months, 81.3%/55% and at 12 months, 75%/68.8%. 
The intensity of stump and phantom pain and the 
consumption of opioids were similar in the two 
groups at all four postoperative interviews [47]. 

Others have examined the effect of peri- or intraneu-
ral blockade on phantom limb pain. For example, 
Pinzur and co-workers prospectively randomized 21 
patients to continuous postoperative infusion of either 
bupivacaine or saline, but failed to find any difference 
between the two groups with regard to the incidence of 
phantom pain after 3 and 6 months [48]. 

Lambert et al. [49] compared two techniques of 
regional analgesia. Thirty patients were randomized to 
receive either epidural bupivacaine and diamorphine 
started 24 h before the amputation and continued 3 
days postoperatively or an intraoperative perineural 
catheter for intra- and postoperative administration 
of bupivacaine. All patients had general anesthesia 
for the amputation. The pre-, peri- and postopera-
tive epidural pain treatment was not superior to the 
intra- and postoperative perineural pain treatment in 
preventing phantom pain, as the incidence of phan-
tom pain was similar in the two groups after 3 days 
and after 6 and 12 months. 

The aim of pre-emptive treatment is to avert spi-
nal sensitization by blocking, in advance, the cascade 
of intraneuronal responses that takes place after 
peripheral nerve injury. A true pre-emptive approach 
is probably not possible in patients scheduled for 
amputation. Many have suffered from ischemic pain 
for months or years and are likely to present with 
pre-existing neuronal hyperexcitability. It cannot be 
excluded that a preoperative regional blockade for 
a longer period would prevent phantom pain from 
developing. However, this would be very inconven-
ient from a practical point of view as the decision to 
amputate is often not taken until the day before. 

In conclusion, regional blocks are effective in the 
treatment of preoperative ischemic pain and postop-
erative stump pain. At present, no studies of sufficient 
methodologic quality have provided evidence that 
regional blocks have any beneficial effect in prevent-
ing phantom pain. It cannot be excluded that other 
approaches may be effective. For example, it has been 
suggested that peri- and postamputation administra-
tion of NMDA receptor antagonists such as ketamine 
[50] and memantine [41] reduces phantom limb pain. 
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Future research

There is still a need for well-controlled studies exam-
ining the effect of different medical and nonmedical 
interventions. Also, it would be of interest to explore 
the extent to which cortical reorganization depends 
on alterations in the periphery, the spinal cord or the 
genetic constitution.

Author recommendations for the 
management of phantom pain

Treatment of phantom pain is very difficult. Medical 
treatment should follow the guidelines for other 
neuropathic pain conditions. Since medical treat-
ment may not always be successful, combinations of 
medical and nonmedical treatment should be tried. 
Alternative treatments should be considered if con-
ventional treatment is inadequate.
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Complex regional pain syndrome
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Introduction

Complex regional pain syndrome (CRPS), usually 
occurring in a distal extremity, is clinically charac-
terized by different symptoms and signs comprising 
pain and sensory abnormalities, abnormal regulation 
of the blood flow, sweating, trophic changes, edema 
of skin and subcutaneous tissues and active and 
 passive movement disorders. It is classified into type 
I (reflex sympathetic dystrophy) and type II (causal-
gia). In CRPS type I (reflex sympathetic dystrophy), 
minor injuries or fractures of a limb precede the 
onset of symptoms without any overt nerve lesion. 
CRPS type II (causalgia) develops after injury to a 
major  peripheral nerve.

The current understanding
of relevant pathophysiology 

Sensory abnormalities and pain
In CRPS various forms of hyperalgesia and spon-
taneous pain develop at the distal extremity that are 
thought to be generated by processes of peripheral 
and central sensitization. In addition to positive sen-
sory phenomena, up to 50% of patients with chronic 
CRPS I develop hypoesthesia and hypoalgesia on 
an entire half of the body or in the upper quadrant 
or face ipsilateral to the affected extremity [1–2]. 
Systematic quantitative sensory testing has shown that 
patients with these generalized hypoesthesias have 

increased thresholds to mechanical, cold, warmth 
and heat stimuli compared with the responses gen-
erated from the corresponding contralateral healthy 
body side. Patients with these extended sensory defi-
cits tend to have longer disease duration, greater pain 
intensity, a higher frequency of mechanical allody-
nia and a higher tendency to develop changes in the 
somatomotor system than do patients with spatially 
restricted sensory deficits. 

There is increasing evidence that changes in the cen-
tral representation of somatosensory  sensations in the 
thalamus and cortex are one of the underlying courses 
of sensory  abnormalities. Magnetoencephalographic 
(MEG) and functional magnetic resonance  imaging 
(fMRI) studies of patients with upper limb CRPS 
demonstrated a shortened distance between  little 
finger and thumb representations in the primary 
somatosensory (SI) cortex on the painful side [3–4]. 
This cortical reorganization was reversible, correlat-
ing with pain reduction and improvement of tactile 
impairment [5–6]. Accordingly, a 6-month behavio-
ral training program led to pain reduction and was 
paralleled by restoration of two-point discrimination 
and  reorganization of physiologic SI and SII repre-
sentation [7]. A fMRI study showed reduced contral-
ateral SI and SII activity paralleled with two-point 
discrimination impairment [7]. Sensory impairment 
was found to be predicted by mechanical hyperalge-
sia in CRPS I [8] whereas mechanical hyperalgesia is 
represented within a network involving the anterior 
cingulate cortex (ACC), associative somatosenory and 
frontal affective cortices [9].

Furthermore, there is evidence of central sensi-
tization in CRPS. Positron emission tomography 
(PET) studies demonstrated adaptive changes in the 
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 thalamus during the course of the disease [10] and 
using MEG, SI responses were found to be increased 
on the affected side [11]. Psychophysical and tran-
scranial magnetic stimulation (TMS) studies suggest 
sensory and motor hyperexcitability within the cen-
tral nervous system [12]. A PET study revealed an 
exaggerated metabolism in the somatosensory cortex, 
ACC, parietal cortex, thalamus and insula [13] while 
glucose utilization was reduced in prefrontal cortex 
and primary motor cortex. 

Taken together, these studies suggest increasing evi-
dence for dramatic cerebral reorganization and sensi-
tization due to chronic painful input to the brain that 
in turn leads to sensory and motor deficits (see below). 
However, the dependency of these phenomena on 
structural or functional changes in the peripheral nerve 
system is not known so far. Skin preparations from 
CRPS I patients showed diminished axonal density 
[14] and mixed decreased and increased innervation 
of epidermal and vascular structures as well as sweat 
glands [15]. The relevance of these findings to distinct 
pathophysiologic mechanisms remains unclear [16].

Autonomic abnormalities
In general, there is evidence that sympathetic 
dysfunction can normalize within the course of the 
disease in mild CRPS [17].

Denervation supersensitivity
A partial nerve lesion is the important preceding event 
in CRPS II. Therefore, it has generally been assumed 
that abnormalities in skin blood flow within the ter-
ritory of the lesioned nerve are due to peripheral 
impairment of sympathetic function and sympathetic 
denervation. During the first weeks after transection 
of vasoconstrictor fibers, vasodilation is present within 
the denervated area. Later the vasculature may develop 
increased sensitivity to circulating catecholamines, 
probably due to upregulation of adrenoceptors.

Central autonomic dysregulation
Sympathetic denervation and denervation hyper-
sensitivity cannot completely account for vasomo-
tor and sudomotor abnormalities in CRPS. First, in 
CRPS I there is no overt nerve lesion and second, in 
CRPS II the autonomic symptoms spread beyond the 
territory of the lesioned nerve. In fact, there is direct 
evidence for a reorganization of central autonomic 

control in these syndromes [18, 19]. Hyperhidrosis, 
for example, is found in many CRPS patients. Resting 
sweat output, as well as thermoregulatory and axon 
reflex  sweating, are increased in CRPS I patients [20]. 
Increased sweat production cannot be explained 
by a peripheral mechanism since, unlike blood 
vessels, sweat glands do not develop denervation 
supersensitivity.

In order to study cutaneous sympathetic vaso-
constrictor innervation in CRPS I patients, central 
sympathetic reflexes were modulated by thermoreg-
ulatory (whole-body warming, cooling) and respi-
ratory  stimuli [21–23]. Sympathetic effector organ 
function, i.e. skin temperature and skin blood flow, 
was measured bilaterally at the extremities by infrared 
thermometry and laser Doppler flowmetry. Under 
normal conditions these reflexes do not show inter-
side differences. In CRPS patients three distinct vas-
cular regulation patterns were identified related to the 
duration of the disorder.

In the warm regulation type (acute stage, �6 
months) the affected limb was warmer and skin per-
fusion values were higher than contralaterally dur-
ing the entire spectrum of sympathetic activity. Even 
massive body cooling failed to activate sympathetic 
vasoconstrictor neurones [22]. Consistently, direct 
measurements of norepinephrine levels from the 
venous effluent above the area of pain show a reduc-
tion in the affected extremity [22, 24].
In the intermediate type temperature and perfusion 
were either elevated or reduced, depending on the 
degree of sympathetic activity.
In the cold type (chronic stage) temperature and per-
fusion were lower on the affected side  during the entire 
spectrum of sympathetic activity. Norepinephrine lev-
els, however, were still lower on the affected side [23].

These data support the idea that CRPS I is associated 
with a pathologic unilateral inhibition of cutaneous 
sympathetic vasoconstrictor neurones leading to a 
warmer affected limb in the acute stage [21, 25]. The 
locus of pathophysiologic changes underlying such 
disturbed reflex activity must be in the central nerv-
ous system. 

The few microneurographic studies of small sym-
pathetic nerve fascicles that have been performed so 
far in patients with CRPS have not confirmed the 
presence of reflex abnormalities; the  average skin sym-
pathetic activity, i.e. a combination of vasoconstrictor 

•

•

•
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and sudomotor activity, was not  different on the two 
sides [26]. Assessing autonomic efferent control to the 
heart, however, tilt table tests demonstrated higher, i.e. 
impaired, mean heart rates than controls, comparable 
with patients suffering from postural tachycardia syn-
drome [27]. 

Secondary changes in neurovascular transmission 
may induce severe vasoconstriction and cold skin in 
chronic CRPS [28, 29]. Accordingly, α-adrenocep-
tor density has been reported to be increased in skin 
biopsies of patients with CRPS I [30]. Furthermore, 
skin lactate was increased in CRPS patients, indicat-
ing an enhanced anaerobic glycolysis, probably as a 
result of vasoconstriction and chronic tissue hypoxia 
[31, 32]. Moreover, in patients suffering from “cold 
type” CRPS, iontophoresis of acetylcholine into 
the skin of the affected and unaffected extremities 
revealed a decrease of the vasodilatory response in 
the CRPS extremity [33]. The pathophysiology of 
the hereby proven endothelial dysfunction in “cold 
type” CRPS is not known so far. However, it can be 
assumed that production of free radicals is triggered 
by tissue hypoxia and tissue acidosis due to periph-
eral vasoconstriction. Thereby, the production of free 
radicals is responsible for the observed endothelial 
function. The vasoconstrictor and nociceptor sensi-
tizing agent endothelin-1 seems not to be involved in 
CRPS pathophysiology [34].

Neurogenic inflammation and oxidative stress
Some of the clinical features of CRPS, particularly 
in its early phase, could be explained by an inflam-
matory process [35]. Consistent with this idea, 
corticosteroids are often successfully used in acute 
CRPS [36].

There is increasing evidence that a localized 
neurogenic inflammation might be involved in 
the generation of acute edema, vasodilation and 
increased sweating. Scintigraphic investigations with 
 radiolabeled immunoglobulins show extensive plasma 
extravasation in patients with acute CRPS I [37]. 
Analysis of joint fluid and synovial biopsies in CRPS 
patients have shown an increase in protein concen-
tration and synovial hypervascularity. Furthermore, 
synovial effusion is enhanced in affected joints as 
measured with MRI and leukocytes have been dem-
onstrated to accumulate in the affected extremity in 
acute CRPS I [38].

In acute untreated CRPS I patients, neurogenic 
inflammation was elicited by strong transcutaneous 
electrical stimulation via intradermal microdialysis 
capillaries. Protein extravasation that was simultane-
ously assessed by the microdialysis system was only 
provoked on the affected extremity as compared with 
the normal side. Furthermore, axon reflex vasodilation 
was increased significantly. The time course of elec-
trically induced protein extravasation in the patients 
resembled the one observed following application of 
exogenous substance P (SP) [39] or did not show dif-
ferences to healthy controls [40]. Additionally, high 
SP levels may be caused by impaired SP inactivation 
in acute stages of CRPS [40]. As further support of a 
neurogenic inflammatory process, systemic calcitonin 
gene-related peptide (CGRP) levels were found to 
be increased in acute CRPS but not in chronic stages 
[41]. In the fluid of artificially produced skin blisters 
significantly higher levels of endothelin-1, interleukin 
(IL)-6 and tumor necrosis factor α (TNF-α) were 
observed in the involved extremity as compared with 
the uninvolved extremity [42, 43] as well as dimin-
ished NO [43]. These findings persisted although pain 
and signs of CRPS I improved, questioning the direct 
relation between clinical signs and symptoms and 
proinflammatory cytokines [44]. However, proinflam-
matory cytokine levels were also more significantly 
elevated first, in CRPS patients complaining from 
mechanical hyperalgesia than in CRPS patients with-
out hyperalgesia [44] and second, in the venous blood 
of the affected limb compared with the unaffected 
contralateral extremity [45]. Moreover, analysis of the 
cerebrospinal fluid in CRPS I and II revealed higher 
levels of proinflammatory IL-1β and -6, whereas TNF 
levels did not differ from levels in patients with pain-
ful conditions of other origin [46]. Interestingly, as an 
indirect proof of ongoing oxidative stress in CRPS, 
preliminary data show efficacy of hyperbaric oxygen 
therapy on pain, edema and motor dysfunction [47]. 

Exogenous infections are discussed here as they 
may partially contribute to the symptoms and signs 
of CRPS. A significantly higher seroprevalence of 
erythrovirus (formerly parvovirus) B19 was observed 
in CRPS I patients [48]. Additionally, studies have 
discussed whether an exogenous campylobacter infec-
tion may trigger autoimmune activation [49, 50]. 
However, the importance of antecedent infections as 
well as detected autoantibodies against autonomic 
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 nervous system structures [51] in the pathophysiology 
of CRPS (e.g. in the generation of a facilitated chronic 
inflammation) is currently not known. Interestingly, 
erythrovirus B10 IgG were not associated with antien-
dothelial autoantibodies [50].

In conclusion, evidence indicates that inflamma-
tory processes and oxidative stress are involved in the 
pathogenesis of early CRPS. However, the exact mech-
anisms of the initiation and maintenance of these 
inflammatory reactions are unclear [52]. One central 
issue is whether the sympathetic nervous system may 
contribute to the early inflammatory state. De novo 
expression of adrenoreceptors on macrophages after 
experimental nerve lesion supports this idea, leading 
to possible interaction of sympathetic fibers, afferent 
fibers, blood vessels and non-neural cells related to 
the immune system. However, this concept has yet to 
be proven in patients with CRPS. 

Motor abnormalities
About 50% of patients with CRPS show a decrease 
of active range of motion, an increased amplitude of 
physiologic tremor or reduced active motor force of 
the affected extremity. In about 10% of cases dysto-
nia of the affected hand or foot develops, especially in 
chronic cases. It is unlikely that these motor changes 
are related to a peripheral process (e.g. influence of 
the sympathetic nervous system on neuromuscular 
transmission and/or contractility of skeletal muscle). 
These somatomotor changes are more likely gener-
ated by changes of activity in the motor neurones, 
i.e. they have a central origin. Turton et al. showed 
physiological EMG responses to TMS in the CRPS 
I affected limb when applied with median nerve 
stimulation, giving evidence for an indirect neural 
pathway accounting for motor deficits in CRPS [53]. 
Localized CNS hyperexcitability was shown in another 
TMS study [12]. Furthermore, kinematic analysis of 
target reaching and grasping and functional imaging 
(fMRI) showed reorganization in the central nervous 
system, predominantly in the parietal cortices, sup-
plementary motor area (SMA) and primary motor 
cortex [54]. Interestingly, the motor performance is 
also slightly impaired on the contralateral unaffect-
ed side [55]. Furthermore, a sustained disinhibition 
of the motor cortex was found in CRPS patients on 
the contralateral as well as the ipsilateral hemisphere 
[11, 56]. Interestingly, repetitive TMS applied to the 

motor cortex contralateral to the affected extremity 
in CRPS I showed potential to modulate, i.e. decrease, 
pain [4]. 

According to this view, a neglect-like syndrome 
was clinically described as being responsible for 
the disuse of the extremity [57, 58] that is also to a 
lesser extent detectable in other chronic pain syn-
dromes but may also support the diagnosis of CRPS 
[59]. Delayed recognition of hand laterality that is 
related to the duration and pain intensity in CRPS 
I [60] and impairment of self-perception of the 
affected extremity that is related to pain intensity, 
illness duration and extent of sensory deficits [61] 
may contribute to disuse, impaired motor plan-
ning and function. A controlled study also supports 
an incongruence between central motor output and 
sensory input as an underlying mechanism in CRPS. 
Using the method of mirror visual feedback, the 
visual input from a moving unaffected limb to the 
brain was able to re-establish the pain-free relation-
ship between sensory feedback and motor execu-
tion. After 6 weeks of therapy pain and function 
were improved as compared with the control group 
[62, 63]. A study extension comparing the combined 
therapy regime of hand laterality recognition train-
ing, imagination of movements and mirror move-
ments demonstrated the ability to reduce pain and 
disability [64, 65]. It is thought that limb laterality 
recognition activates premotor cortex, movement 
imagination  premotor and motor cortex, leading to 
a training effect. Sensory-motor incongruence might 
be removed by motor imagery (substraction of com-
mand from sensory input of attempted/performed 
movement leading to error). A 6-month behavioral 
training program led to pain reduction and restora-
tion of the impaired two-point discrimination at the 
affected extremity. Additionally, fMRI showed a par-
allel reorganization of a physiologic representation of 
the initially shrunk areas SI and SII by regaining nor-
mal cortical map size [6]. 

Additionally, the afferent sensory input to corti-
cal motor centers in CRPS is decreased [66]. Recently 
Sumitani et al. demonstrated a shift of the subjec-
tive body midline towards the affected limb that was 
reversed by deafferentation following peripheral nerve 
blockade [67]. Moreover, treatment with prism adap-
tation towards the unaffected extremity combined 
with target-orientated training tasks of the affected 
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hand relieved CRPS symptoms whereas adaptation 
towards the affected limb caused an  exacerbation [68].

Sympathetically maintained pain
On the basis of experience and recent clinical stud-
ies, the term “sympathetically maintained pain” 
was redefined. Neuropathic pain patients present-
ing with similar clinical signs and symptoms can 
clearly be divided into two groups by the negative or 
positive effect of selective sympathetic blockade or 
 antagonism of α-adrenoceptor mechanisms. The pain 
component that is relieved by specific sympatholytic 
procedures is considered to be sympathetically main-
tained pain (SMP). Thus, SMP is now defined as a 
symptom or the underlying mechanism in a subset of 
patients with neuropathic disorders and not a clinical 
entity. The positive effect of a sympathetic blockade 
is not essential for the diagnosis. On the other hand, 
the only way to differentiate between SMP and sym-
pathetically independent pain (SIP) is the efficacy 
of a correctly applied sympatholytic intervention, 
indicating high specificity and low sensitivity of this 
procedure [69]. However, the exact sensitivity and 
specificity of this test to diagnose or exclude SMP are 
not known (see below).

Clinical studies in CRPS support the idea that 
nociceptors develop catecholamine sensitivity [70]. 
Intraoperative stimulation of the sympathetic chain 
induces an increase of spontaneous pain in patients 
with causalgia (CRPS II) but not in patients with 
hyperhidrosis. In CRPS II, post-traumatic neural-
gias, intracutaneous application of norepinephrine, 
into a symptomatic area rekindles spontaneous pain 
and dynamic mechanical hyperalgesia that had been 
relieved by sympathetic blockade, supporting the idea 
that noradrenergic sensitivity of human nociceptors 
is present after partial nerve lesion. Also intradermal 
norepinephrine or phenylepherine, respectively, in 
physiologically relevant doses, was demonstrated to 
evoke greater pain in the affected regions of patients 
with SMP than in the contralateral unaffected limb 
and in control subjects [71, 72].

Within a study in patients with CRPS I physiologic 
stimuli of the sympathetic nervous system were used 
[73]. Cutaneous sympathetic vasoconstrictor  outflow 
to the painful extremity was experimentally acti-
vated to the highest possible physiologic degree by 
whole-body cooling. During the thermal  challenge 

the affected extremity was clamped to 35°C in order 
to avoid thermal effects at the nociceptor level. The 
intensity as well as area of spontaneous pain and 
mechanical hyperalgesia (dynamic and punctate) 
increased significantly in patients who had been 
 classified as having SMP by positive sympathetic 
blocks but not in SIP patients. The experimental 
set-up used in the latter study selectively alters sym-
pathetic cutaneous vasoconstrictor activity without 
influencing other sympathetic systems innervating 
the extremities, e.g. sudomotor and muscle vasocon-
strictor neurones. Therefore, the interaction of sym-
pathetic and afferent neurones measured here is likely 
to be located within the skin as predicted by the pain-
enhancing effect of intracutaneous norepinephrine 
injections [71]. Interestingly, the relief of spontane-
ous pain after sympathetic blockade was more pro-
nounced than changes in spontaneous pain that could 
be induced experimentally by sympathetic activation. 
One explanation for this discrepancy might be that 
a complete sympathetic block affects all sympathetic 
outflow channels projecting to the affected extrem-
ity. It is very likely that in addition to a coupling in 
the skin, a sympathetic–afferent interaction may also 
occur in other tissues, in particular in deep somatic 
domains such as bone, muscle or joints. Supporting 
this view, these structures in particular are extremely 
painful in some cases with CRPS. Furthermore, there 
may be patients who are characterized by a selective 
or predominant sympathetic–afferent interaction 
in deep somatic tissues, sparing the skin [22]. Addi-
tionally, nonresponsiveness to sympathetic block-
ades or modulation of sympathetic activity may be 
explained by the observation that the sympathetic 
maintained pain component is not a constant phe-
nomenon over time and decreases in the course of 
the disease [74]. Also sympathetic activity may act 
independently from the peripheral efferent pathways 
[75] and therefore account for unresponsiveness.

Pathophysiologic concepts in CRPS 
following stroke and spinal cord injury
Complex regional pain syndrome may occasionally 
develop after lesions of the central nervous system [76]. 
In patients with stroke, visual deficits, neglect, paresis 
of the shoulder girdle and somatosensory deficits are 
risk factors for recurrent initiating events (e.g. trauma 
of the affected extremity) that may self-perpetuate a 
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vicious cycle of CRPS. Accordingly, affected  extremities 
after brain injury are at higher risk of developing CRPS 
than unaffected.

Complex regional pain syndrome following spinal 
cord injury is relatively rare, ranging from 5% to 12% 
in selected cohorts. It develops within a few months, 
more often unilaterally at the upper extremity in 
tetraplegic patients. Similar to stroke patients, the 
association of paresis and limb trauma may initiate 
a vicious cycle in the pathophysiology. Additionally, 
CRPS may contribute to contractures in the course of 
spinal cord injury.

Epidemiology

Incidence and prevalence
A population-based study in the USA on CRPS I 
 calculated an incidence of about 5.5 per 100,000 
person -years at risk and a prevalence of about 21 per 
100,000 [77]. An incidence of 0.8 per 100,000 person-
years at risk and a prevalence of about 4 per 100,000 
was reported for CRPS II. In contrast, a European pop-
ulation-based study determined a much higher inci-
dence of 26.2 per 100,000 for CRPS in general when 
using a different diagnostic approach. However, CRPS 
I develops more often than CRPS II. The incidence 
of CRPS II in peripheral nerve injury varies from 
2% to 14% in different series, with a mean around 
4% [78]. Estimations suggest an incidence of CRPS 
I of 1–2% after fractures, 12% after brain lesions and 
5% after myocardial infarction. However, the latter 
data for brain lesions and myocardial infarctions are 
relatively high and have to be interpreted with some 
care because of the lack of uniform diagnostic crite-
ria in the past. Females are more often affected than 
males with a female-to-male ratio ranging from 2:1 
to 4:1. CRPS shows a distribution over all ages, affect-
ing the upper extremity without side preferences by 
about 60%, with a mean age peak at diagnosis of 
37–50 years and highest incidence rates at 61–70 
years. Differences in ethnicity, socio-economics and 
 different diagnostic criteria used may contribute to 
epidemiologic differences. 

Risk factors 

No clear risk factors have been identified so far. 
However, etiology, psychologic state and genetic factors 

might influence the occurrence, course or  recurrence 
of CRPS. 

Course and recurrence
The severity rather than the etiology seems to deter-
mine the disease course. Age, sex and affected side 
are not associated with the outcome [77]. Fractures 
may be associated with a higher resolution rate (91%) 
than sprain (78%) or other inciting event (55%) [77]. 
In 1183 patients [79] the incidence of recurrence was 
1.8% per year. The patients with a recurrent CRPS 
were significantly younger but did not differ in gen-
der or primary localization. The recurrence of CRPS 
presents more often with few symptoms and signs 
and spontaneous onset. A low skin temperature at 
the onset of the disease may predict an unfavorable 
course and outcome [78, 80]. A retrospective analy-
sis of 1006 CRPS cases, mostly female, and younger 
patients with CRPS of the lower limb showed an inci-
dence of severe complications in about 7%, such as 
infection, ulceration, chronic edema, dystonia and/or 
myoclonus [81].

Psychologic factors
The widely proposed “CRPS personality” as a predis-
posing factor is clearly unsubstantiated. This assump-
tion was further strengthened since no differences 
in psychologic patterns were found in patients with 
radius fracture developing CRPS I in comparison to 
patients who recovered without developing a CRPS 
[82]. According to this view, an even distribution 
of childhood trauma, pain intensity and psycho-
logic distress was confirmed in patients with CRPS 
in comparison with patients with other neuropathic 
pain and chronic back pain [83]. Further studies 
demonstrated a high psychiatric co-morbidity, espe-
cially depression, anxiety and personality disorders, 
in CRPS patients. These findings are also present in 
other chronic pain patients and are thought to be at 
least in part more likely a result of the long and severe 
pain of disease [84]. Compared to patients with low 
back pain, CRPS patients showed a higher tendency 
to somatization but did not show any other psycho-
logic differences [85]. In 145 patients, 42% reported 
stressful life events in close relationship to the onset 
of CRPS and 41% had a previous history of chronic 
pain [86]. Thus, stressful life events could be risk 
 factors for the development of CRPS.
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Genetics
One of the unsolved features in human pain diseases 
is the fact that only a minority of patients develop 
chronic pain after seemingly identical inciting events. 
Similarly, in certain nerve lesion animal models, 
differences in pain susceptibility were found to be due 
to genetic factors. A mendelian law does not seem to 
impact the incidence and prevalence. However, there 
is evidence for certain genotypes predisposing to a risk 
of developing CRPS. Human leukocyte  antigen (HLA) 
associations with different phenotypes have shown an 
increase in A3, B7 and DR(2) major histocompatibility 
complex (MHC) antigens in a small group of CRPS 
patients in whom resistance to treatment was associated 
with positivity of DR(2). In a cohort of 52 CRPS 
patients, class I and II MHC antigens were typed. The 
frequency of HLA-DQ1 was found to be significantly 
increased compared with control frequencies [87]. In 
patients with CRPS who progressed towards multifocal 

or generalized tonic dystonia, an association with 
HLA-DR13 was reported [88]. Furthermore, a different 
locus, centromeric in HLA class I, was found to be 
associated with  spontaneous development of CRPS, 
suggesting an interaction between trauma severity and 
genetic  factors that describe CRPS  susceptibility [89]. 
However, to date the clinical importance of genetic 
factors in CRPS is not clear.

Treatment

Only a few evidence-based treatment regimens for 
CRPS are available so far; these are summarized in 
Box 20.1. In fact, three literature reviews of outcome 
studies found discouragingly little consistent informa-
tion regarding the pharmacologic agents and meth-
ods for treatment of CRPS [90–93]. Moreover, the 
methodology is often poor and patient numbers are 
low. Although CRPS shows a different phenotype in 

Box 20.1 Interventions supported by evidence

Modality of pain relief Analgesics Administration 
route

Evidence 
level

Pharmacologic treatment
Steroids Prednisolone po B
Calcium-regulating drugs Calcitonin IN B

Clodronate IV B
Alendronate IV/po B
Pamidronate IV B

Free radical scavengers DMSO Topical B
NAC po B

Calcium channel-blocking anticonvulsants Gabapentin po C

Spinal drug application
GABA agonists Baclofen IT (in dystonia) C
α2-receptor agonist Clonidine Epidural C

Stimulation techniques 
Spinal cord stimulation Epidural B

Physical and occupational therapy B
Physical or occupational therapy, mirror visual 
feedback treatment, hand laterality recognition 
training, movement imagination

Psychologic therapy B
Cognitive behavioral treatment, graded 
exposure, disease education

DMSO, dimethylsulfoxide; GABA, gamma aminobutyric acid; IN, intranasal; IV, intravenous; IT, intrathecal; NAC, N-acetylcysteine; 
po, oral.
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comparison to other neuropathic pain syndromes like 
postherpetic neuralgia or painful polyneuropathy, cli-
nicians extrapolate the results of clinical trials in these 
disease entities to guide therapy in CRPS. However, 
since functional imaging and neuropyhsiologic stud-
ies indicate that a reduction of pain does not only 
reduce the burden of illness but also  contributes to the 
reversibility of cortical  reorganization and improve-
ment of function, the standard analgesics to treat neu-
ropathic pain also become part of CRPS therapy. 

Pharmacologic therapy

Interventions supported by evidence
Steroids
Orally administered prednisone, 10 mg three times 
daily, has clearly demonstrated efficacy in the improve-
ment of the entire clinical status (up to 75%) of acute 
CRPS patients (�13 weeks) [36]. In CRPS I follow-
ing stroke 40 mg prednisolone for 14 days followed 
by tapering significantly improved the signs and 
symptoms compared to piroxicam 20 mg daily [94]. 
In this randomized controlled trial in 60 patients, 
baseline scores for sensory, motor and autonomic 
symptoms improved significantly in the prednisolone 
group (drop of mean 10.7 to 4.3; score 0 –14) whereas 
piroxicam did not show any significant change when 
assessed 1 month after therapy initiation. 

Calcium-regulating drugs
Calcitonin administered three times daily intranasally 
demonstrated a significant pain reduction in CRPS 
patients [95]. In 2001 Perez and co-workers con-
ducted a blinded meta-analysis on randomized trials 
using calcitonin in CRPS I. The meta- analysis of the 
five trials available evaluating the efficacy of calci-
tonin demonstrated a significant analgesic effect [96]. 
In contrast, the review of Albazaz and co- workers 
could not show a definite efficacy of  calcitonin [97]. 

Clodronate 300 mg daily IV and daily alendro-
nate 7.5 mg IV or 40 mg orally showed a significant 
improvement in pain, swelling and movement range 
in acute CRPS [98, 99]. Alendronate 40 mg daily 
for 8 weeks and a single infusion of pamidronate 
showed beneficial effects on pain and physical function 
[100, 101]. A nonplacebo-controlled trial showed the 
same efficacy of calcitonin 200 IU/day together with 
physiotherapy as the combination of paracetamol 

1500 mg/day and physiotherapy [102]. The mode 
of action of these compounds in CRPS is unknown. 
Bisphosphonates may interact with CRPS-related 
bone resorption and showed some analgesic effect 
themselves. However, a recent meta-analysis showed 
a potential to reduce pain in CRPS  associated with 
bone loss but the authors stated that there are insuf-
ficient data to recommend their use in practice [103].

Free radical scavengers
One placebo-controlled trial was performed, using 
the free radical scavengers dimethylsulfoxide (DMSO) 
50% topically or N-acetylcysteine (NAC) orally for 
the treatment of CRPS I [104]. Both drugs were found 
to be equally effective; however, DMSO seemed more 
favorable for “warm” and NAC for “cold” CRPS I. 
The results were negatively influenced by longer dis-
ease duration. A previous trial with DMSO failed to 
show a positive result in CRPS [105]; however, DMSO 
applied in patients suffering from CRPS I of the upper 
extremity has been shown to be more effective than 
regional blocks with guanethidine in an uncontrolled 
trial in a small population of CRPS patients [106]. 
Interestingly, vitamin C has been shown to be effective 
in the prevention of CRPS after surgery (see below). 

Gabapentin
Promising preliminary evidence was revealed by two 
studies on patients with CRPS that showed an anal-
gesic effect of gabapentin [107–109]. A randomized 
double-blind placebo-controlled cross-over trial was 
performed in 58 patients with CRPS I. In half of the 
patients gabapentin was uptitrated to 600 mg tid and 
taken for 21 days before washout and placebo intake. 
The second group received placebo first and gabapen-
tin thereafter. The change of pain intensity, assessed as 
the primary endpoint,  demonstrated a mild but not 
statistically significant effect of  gabapentin on pain 
compared to placebo. However, gabapentin demon-
strated a significant reversal of mechanical hypoesthe-
sia but no superior effect on motor, autonomic and 
positive sensory signs, such as dynamic mechanical 
allodynia, compared to placebo [110]. Pregabalin has 
not been studied in CRPS so far.

Interventions refuted by evidence
Since there is only limited evidence on the pharmaco-
logic treatment of CRPS, there is no clear indication 
that any specific interventions are ineffective. 
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Commonly used interventions currently 
unproven
Nonsteroidal anti-inflammatory drugs (NSAIDs)
Naproxen has not been effective in a very small 
number of patients [111]. This trial assessed the ratio 
of bone to soft tissue uptake with scintigraphy in 
eight patients with CRPS I. After 3 months’ intake of 
500 mg naproxen bid, the uptake showed no statisti-
cally significant improvement. The effect on pain was 
not assessed properly in this trial. Other NSAIDs have 
not been investigated in the treatment of CRPS to 
date. However, clinical experience suggests that they 
can control mild to moderate pain. 

Opioids
Opioids are clearly effective in postoperative, inflamma-
tory and cancer pain. The use of opioids in CRPS has 
not been studied. In other neuropathic pain  syndromes, 
compounds such as tramadol,  morphine, oxycodone 
and levorphanol are clearly analgesic when compared 
to placebo. However, there are no long-term studies of 
oral opioid use regarding efficacy and safety for treat-
ment of neuropathic pain generally or CRPS in particu-
lar. Even without solid scientific  evidence, derived as an 
analogy from recent treatment recommendations for 
neuropathic pain, opioids could be and should be used 
as part of a comprehensive pain treatment program 
[112–114]. Opioids  enable the clinician to use (poten-
tially) fast-acting potent analgesics that might be neces-
sary in the beginning of therapy, e.g. while uptitrating 
co-analgesics, but also in the long term. The definite 
 efficacy in CRPS still remains to be determined. 

Antidepressants
Tricyclic antidepressants (TCAs) have been inten-
sively studied in different neuropathic pain condi-
tions as published in recent treatment algorithms, but 
not in CRPS [112–114]. There is solid evidence that 
reuptake blockers of serotonin and noradrenaline (e.g. 
amitriptyline) and selective noradrenaline blockers 
(e.g. desipramine) produce pain relief in  neuropathic 
pain. The effectiveness of selective serotonin reuptake 
inhibitors in neuropathic pain states is still discussed 
and the controlled trials conducted so far have shown 
limited or no efficacy [112–114]. Selective serotonin 
noradrenaline reuptake inhibitors, however, are effec-
tive in painful diabetic polyneuropathy [112–114]. 
None has been studied in CRPS patients [93]. 

Sodium channel-blocking agents
Lidocaine administered intravenously is effective 
in CRPS I and II for spontaneous and evoked pain 
[115]. Within this randomized double-blind  placebo-
controlled trial on 16 CRPS patients with predomi-
nant mechanical allodynia, lidocaine was infused 
once intravenously to reach three different plasma 
levels of 1, 2 and 3 µg/ml in each patient. Compared 
to baseline, lidocaine achieved a statistically signifi-
cant reduction of spontaneous pain intensity at the 
highest plasma level and a decrease of cold and less 
mechanical hyperalgesia as well as dynamic mechani-
cal allodynia. 

The orally administered lidocaine analog mexili-
tene has not been evaluated in the treatment of CRPS 
and is not included in the recent therapy algorithms 
of neuropathic pain due to lack of efficacy or poor 
tolerability [112–114].

Systemic sodium channel-acting anticonvulsants, 
such as carbamazepine, oxcarbazepine and lamotrig-
ine, have not been tested in CRPS. However, there is 
evidence for their effectiveness in various neuropathic 
pain conditions although recent trials using oxcar-
bazepine and lamotrigine failed to prove consistent 
efficacy [112–114]. 

N-methyl-D-aspartate (NMDA) receptor blockers
Clinically available compounds that are demon-
strated to have NMDA receptor-blocking properties 
and at least in part are effective in neuropathic pain 
include ketamine, dextromethorphan and memantine 
[112–114]. An uncontrolled prospective open-label 
trial using low-dose ketamine infusion (40–80 mg/day) 
for 10 days reported pain reduction in a heterogeneous 
group of 40 CRPS I or II patients [116]. A combina-
tion of ketamine and midazolam in anesthetic dosages 
in an ICU setting over 6 days led to a full recovery in 
the case report of a CRPS I patient [117]. However, the 
trial results are inconsistent. There are only results of 
small trials available and accordingly these compounds 
are only third-line recommendations in neuropathic 
pain [114]. Further studies that would help clinicians 
to fully utilize these agents are not yet available.

Immune-modulating drugs
Only one case report showed a favorable effect of a 
TNF-α antagonist [118]. No solid evidence has been 
obtained with other immune-modulating therapies 
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except steroids, such as immunoglobulins or immu-
nosuppressive drugs. 

Transdermal application of the α 2-adrenoceptor 
agonist clonidine, which is though to prevent the release 
of catecholamines by a presynaptic action, may be help-
ful when small areas of hyperalgesia are present [119]. 
However, this uncontrolled observation was made in 
a small group of four patients and only three of these 
reported efficacy. 

Invasive interventional therapy

Interventions supported by evidence
Stimulation techniques and spinal drug application
Epidural spinal cord stimulation (SCS) in one ran-
domized study in selected chronic CRPS patients 
[120] improved pain and health-related quality of 
life but not functional outcome assessed 2 years later. 
Interestingly, these patients had previously under-
gone unsuccessful surgical sympathectomy. The pain-
relieving effect was not associated with peripheral 
vasodilation, suggesting that central disinhibition 
processes are involved. Sensory detection thresh-
olds were not affected by the stimulation. At a 5-year 
follow -up pain intensity, global perceived effect, treat-
ment satisfaction and health-related quality of life in 
the group who received SCS and physiotherapy did 
not differ from those who received physiotherapy 
only [121](Figure 20.1). A meta-analysis showed that 
in selected patients SCS can relieve pain and allodynia 
and improve quality of life [122] but further studies 
are warranted since trials on larger groups of patients 
assessing short- and long-term efficacy on pain and 

motor functioning are still missing [123]. Moreover, 
safety data show that about 30% of the patients who 
received stimulation experienced treatment-related 
adverse events [121, 123]. Cervical and lumbar devices 
seem to be equally effective [124]. SCS was also effec-
tive in selected CRPS patients with sympathetically 
maintained pain [125] but further predicting factors 
beside test stimulations are still under investigation 
[126]. Other stimulation techniques, e.g. peripheral 
nerve stimulation with implanted electrodes, repeti-
tive transcranial magnetic stimulation, and deep brain 
stimulation (sensory thalamus and medial lemniscus, 
motor cortex), have been reported to be effective in 
selected cases of CRPS [4, 127, 128]. In summary, 
there is limited evidence for the use of SCS in selected 
cases of CRPS but there is no evidence for using other 
invasive stimulation techniques as part of commonly 
used therapy algorithms.

Intrathecal baclofen is effective in some patients 
with CRPS-related dystonia [129]. Within a random-
ized double-blind placebo-controlled cross-over study 
in seven female patients with localized or generalized 
dystonia, baclofen, a potent GABAb receptor agonist, 
was applied intrathecally. After receiving 50 and 75 µg 
baclofen, six patients experienced  complete or par-
tial reversal of the dystonic posture of the hands but 
much less reversal of the dystonic posture of the legs. 
In these six patients a pump for continuous therapy 
was implanted. The follow-up showed high variability 
in long-term efficacy, ranging from nearly complete 
recovery to fading resolution of dystonia. 

In selected patients with severe refractory CRPS, 
the epidural application of clonidine showed a greater 

Figure 20.1 Bar graph demonstrating the mean (± SD) VAS pain scores in patients with complex CRPS I. The groups 
in the main analysis are represented by white and gray bars, whereas the subgroup of patients with an implant at the 
fi nal follow-up is represented by black bars. Reproduced from Kemler  et al. [121].
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pain reduction in higher dosages (700 µg) than in 
lower dosages (300 µg) [130]. However, the drug was 
associated with marked side effects (e.g. sedation and 
hypotension).

Interventions refuted by evidence
Since proven effectiveness is lacking in large trials of 
interventional treatment of CRPS, there is no clear evi-
dence for a priori omission of specific interventions.

Commonly used interventions currently 
unproven
Interventional therapy at the sympathetic nervous 
system level
Currently, two therapeutic techniques for blocking 
sympathetic activity are used:

injections of local anesthetic around sympathetic 
paravertebral ganglia that project to the affected 
body part (sympathetic ganglion blocks)
regional intravenous application of guanethidine, 
bretylium or reserpine (which all deplete noradren-
aline in the postganglionic axon) to an isolated 
extremity blocked with a tourniquet (intravenous 
regional sympatholysis, IVRS).

Epidural blocks have not been investigated in CRPS 
within controlled studies so far.

There are many uncontrolled surveys in the litera-
ture reviewing the effect of sympathetic interventions 
in CRPS patients,  about 70% of whom report full 
or partial response [131]. The efficacy of these pro-
cedures is, however, still controversial and has been 
questioned in the past [91, 132]. In fact, the specificity 
and the long-term results as well as the techniques 
used have rarely been adequately evaluated.

One controlled study in patients with CRPS I has 
shown that sympathetic ganglion blocks with local 
anesthetic have the same immediate effect on pain 
as a control injection with saline [133]. However, 
after 24 hours patients in the local anesthetic group 
were much better, indicating that nonspecific effects 
are important initially and that evaluating the effi-
cacy of sympatholytic interventions is best done 
after 24 hours. With these data in mind, the uncon-
trolled studies mentioned above must be interpreted 
 cautiously. Only 10 out of the 24 studies we reviewed 
assessed long-term effects. 

No improvement compared with baseline was 
found for reserpine (IVRS) and guanethidine 

•

•

(IVRS) [134]. No differences were obtained between 
guanethidine (IVRS) or lidocaine (lignocaine) (IVRS) 
[135]. Guanethidine and pilocarpine versus placebo 
showed no difference after application of four blocks 
[136]. However, stellate blocks with bupivacaine as 
well as regional blocks with guanethidine (IVRS) 
demonstrated a significant improvement of pain 
compared with baseline but no differences between 
these two therapies [137]. One study demonstrated 
that IVRS bretylium plus lidocaine (lignocaine) pro-
duce significantly longer pain relief than lidocaine 
(lignocaine) alone [138]. No effect was obtained by 
droperidol (IVRS) [139]. Hanna & Peat [140] demon-
strated a significant improvement in pain due to a 
single (IVRS) bolus of ketanserin. Bounameaux et al. 
[141] failed to show any significant effect with the 
same procedure. Bier’s block with methylprednisolone 
and lidocaine in CRPS I did not provide a short- or 
long-lasting benefit compared to placebo [142]. 

Although no straightforward conclusion on the effi-
cacy of IVRS in CRPS can be drawn from the above 
data, the evaluation of this intervention is also lim-
ited by small sample sizes ranging from six to 21 only, 
insufficient trial designs and short observation periods. 
A meta-analysis of studies assessing the effect of intra-
venous regional sympathetic blockade for CRPS failed 
to draw conclusions concerning the effectiveness of 
this procedure, mainly due to small sample sizes [134]. 

There is a desperate need for controlled studies that 
assess the acute as well as the long-term effect of sym-
pathetic blockade and IVRS on pain and other CRPS 
symptoms, in particular motor function. Although 
evidence is sparse, interventions at the sympathetic 
efferent system are part of therapy algorithms in 
CRPS that are based mainly on clinical experience 
and on the limited evidence of controlled trials. Well-
performed sympathetic ganglion blocks should be 
performed rather than IVRS [143].

TENS
Transcutaneous electrical nerve stimulation (TENS) 
may be effective in some cases and has few side 
effects. No sufficient clinical trials are available.

Surgical sympathectomy
There is only limited evidence regarding the efficacy 
of thoracoscopic or surgical sympathectomy. Four 
open studies report partly long-lasting benefits in 
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CRPS I and II [144–147]. The most important inde-
pendent factor in determining a positive outcome 
of sympathectomy is a time interval of less than 
12 months between inciting event and sympathec-
tomy [144, 147]. The videoscopic lumbar sympathec-
tomy is as effective as the open surgical intervention 
[148]. However, one study [149] showed lower effi-
cacy of thoracic sympathectomy in CRPS compared 
to other diseases. The irreversible sympathectomy 
may be effective in selected cases. Because of the risk 
of developing adaptive supersensitivity even on noci-
ceptive neurones and consequent pain increase and 
prolongation, these procedures should not be recom-
mended on a broad indication basis. 

Physical therapy and occupational therapy
Physical therapy and occupational therapy are sup-
ported by the results of several trials. It should be 
stressed that clinical experience clearly indicates 
that physiotherapy is of the utmost importance in 
achieving recovery of function and rehabilitation. 
Standardized physiotherapy has shown long-term 
relief in pain and physical dysfunction in children 
[150]. Recent developments of mirror and limb rec-
ognition techniques have advanced this field.

Physical and, to a lesser extent, occupational ther-
apy are able to reduce pain and improve active mobil-
ity in CRPS I [151]. Lymph drainage provides no 
benefit when applied together with physiotherapy in 
comparison with physiotherapy alone [152]. Patients 
with initially less pain and better motor function are 
predicted to benefit to a greater degree than others. 
Physical therapy of CRPS is both more effective and 
less costly than either occupational therapy or control 
treatment [153].

Mirror visual feedback treatment in CRPS I has 
been shown to reduce pain and improve function 
in a controlled trial in eight patients [62]. After a 6-
week treatment phase including no-mirror control 
phases, pain reduction and gain of function were 
 documented in patients with a disease duration 
� 1year. Although these results were obtained in a 
preliminary trial, recent studies have demonstrated 
that the  combination of hand laterality  recognition 
 training, imagination of movements and mirror 
movements, called a motor imagery program, reduces 
pain and disability in CRPS patients [63– 65]. Initially, 
13 CRPS I patients were randomly allocated to a 

motor imagery program or to continuation of their 
previous treatment. After 12 weeks the control group 
crossed over to the motor imagery program [65]. 
As a result, a NNT of 3 for a 6-month period can be 
achieved. It is important to recognize that the order of 
training – laterality recognition, movement imagina-
tion followed by mirror movements – is important. 
Thus, adding the motor imagery program might be 
more effective than physiotherapy sparing these tech-
niques. However, it is important to acknowledge that 
this conclusion is based on a small sample size only. 
However, physical and occupational therapy and 
attentional training have become an important part
of successful therapy in CRPS patients. 

Psychologic therapy 
Although there is evidence of a psychologic impact 
on CRPS patients, only one study has addressed the 
efficacy of psychologic treatment. A prospective, ran-
domized, single-blind trial of cognitive behavioral 
treatment (CBT) was conducted together with physical 
therapy of different intensities in children and adoles-
cents. Twenty-eight patients were randomly assigned to 
two groups, both receiving six sessions of CBT, includ-
ing pain management strategies, relaxation training, 
biofeedback, guided imagery, and physical therapy 
once or three times a week within a 6-week treatment 
period. At the end, long-lasting reduction of all symp-
toms in both arms in both treatment groups was dem-
onstrated [154]. Fear of injury or reinjury by moving 
the affected limb is thought to be a possible predictor 
of chronic disability. Thus, in a small group of patients 
graded exposure therapy was successful in decreasing 
pain-related fear, pain intensity and consequent disa-
bility [155]. Beside the lack of well-controlled studies, a 
sequenced protocol for psychologic treatment has been 
proposed recently by Bruehl & Chung [156]: 1. educa-
tion regarding the nature of the disease for all patients 
and their families, 2. if disease duration exceeds 6–8 
weeks, patients should be evaluated psychologically 
and treated with cognitive behavioral techniques, 3. in 
case of psychiatric co-morbidities or major ongoing 
life stressors, these issues should be addressed addi-
tionally with general CBT [156]. 

Prevention studies
Only two reliable randomized placebo- controlled pre-
vention studies have been conducted to date. Zollinger 
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et al. [157] proved a significantly reduced incidence of 
CRPS following Colles’ fracture with vitamin C (500 
mg/day) treatment. In this study, 123 patients who 
were treated conservatively for wrist fractures were 
randomized to a double-blind trial receiving 500 mg 
vitamin C or placebo. Within the observation period 
of 1 year, only 7% of the treatment group developed 
a CRPS, compared to 22% in the placebo group. 
A recent trial confirmed this result and determined 
500 mg as a sufficient dosage [158]. Preoperatively 
administered guanethidine (20 mg, RIS) did not 
prevent CRPS in patients undergoing fasciotomy for 
Dupuytren’s disease [159].

Cost of treatment and cost-benefit

Treatment costs for patients suffering from 
neuropathic pain may exceed $100.000. Cost-benefit 
ratios are not available for most of the pharmacologic 
treatment options and interventions in CRPS so far. 
Only one study performed a cost analysis in CRPS I. 
SCS in combination with physiotherapy produced 
costs of 9805 Euro, physiotherapy alone was 5741 Euro. 
After 3 years of treatment, a lifetime cost saving of 
58,471 Euro was calculated for SCS and physiotherapy 

treatment compared to physiotherapy monotherapy 
[160]. A recent review and therapy recommendations 
rated venlafaxine, gabapentin, pregabalin opioids and 
tramadol as more expensive compared to TCA.

How to produce evidence 
of effectiveness in future

Since the etiology, pathophysiology and clinical 
 picture of CRPS are “complex,” putting up a feasible 
trial protocol is challenging. However, in the light of 
high rates of chronicity and disability in CRPS, there 
is a desperate need for controlled studies regarding 
pharmacologic and interventional therapy in CRPS. 
To achieve a comprehensive evidence-based treat-
ment algorithm, studies need to be stratified, e.g. by 
type of CRPS (type I or II), disease duration (acute/
chronic CRPS), CRPS with SMP or SIP, and prob-
ably by subgroups, e.g. warm, intermediate, cold type. 
Furthermore, trials that assess the acute as well as the 
long-term effects, especially of interventional therapy 
such as sympathetic blocks and IVRS, are warranted. 
Outcome parameters should not focus on pain but 
also assess other CRPS symptoms, in particular motor 
function. 

Box 20.2 Commonly used interventions currently unproven

Modality of pain relief Analgesics Administration 
route

Pharmacologic treatment
NSAIDs e.g. naproxen, ibuprofen, diclofenac po
Opioids e.g. tramadol, morphine, oxycodone po
Antidepressants e.g. amitryptiline, desipramine, 

duloxetine
po

Calcium channel-blocking anticonvulsants Pregabalin po
Sodium channel-blocking agents/anticonvulsants Lidocaine IV

Carbamazepine po
NMDA receptor blockers Ketamine po/IV 

Dextrometorphan po              
Immune-modulating drugs Intravenous immunoglobulin IV
α2-receptor agonist Clonidine Topical

Interventional treatment
Electrical nerve stimulation TENS Local
Intervention at the sympathetic nervous 
system level

Sympathetic ganglion blocks Local
Intravenous regional sympatholysis IV
Surgical sympathectomy

IV, intravenous; NMDA, N-methyl-D-aspartate; NSAIDs, nonsteroidal anti-inflammatory drugs; po, oral; TENS, transcutaneous electrical 
nerve stimulation.
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Although trials to determine the best time for treat-
ment initiation are lacking, from the pathophysiologic 
concerns, it is of the utmost importance that treat-
ment in CRPS should be immediate and most impor-
tantly directed toward restoration of full function of 
the extremity. This view is derived from the evidence 
in pain research that the duration of pain leads to 
ongoing changes in the peripheral and central nerv-
ous system underlying chronic pain syndromes and 
possibly predicts less treatment response in the later 
course of the disease. To achieve a favorable outcome, 
a comprehensive interdisciplinary setting with par-
ticular emphasis on pain management and functional 
restoration is thought to be best [161, 162]. 

The severity of the disease determines the therapeu-
tic regime. The reduction of pain is the precondition 
with which all other interventions have to comply. 
Interestingly, relative pain reduction of at least 50% 
and 30 mm on the 100 mm VAS is judged to be the 
result of a “successful” therapy [90]. All therapeutic 
approaches must not hurt. At the acute stage of CRPS 
when the patient still suffers from severe pain at rest 
and during movement, it is mostly impossible to carry 
out intensive active therapy. Painful interventions and 
in particular aggressive physical therapy at this stage 
often lead to deterioration. Therefore, immobilization, 
combination of hand laterality recognition training, 
imagination of  movements and mirror movements 
and careful contralateral physical therapy should 
be the acute  treatments of choice and intense pain 
 treatment should be  initiated  immediately. Although 
definite evidence is lacking, first-line analgesics and 
co-analgesics are opioids, TCA and calcium/sodium 
channel-acting anticonvulsants. Additionally, cor-
ticosteroids should be considered if inflammatory 
signs and symptoms are predominant. Sympatholytic 
procedures, preferably sympathetic ganglion blocks, 
should identify the component of the pain that is 
maintained by the sympathetic nervous system. For 
efficacy, a series of blocks should be perpetuated. By 
block application it might be possible to decrease pain 
in a step-wise manner and therefore facilitate physi-
otherapy. Calcium-regulating agents should be used in 
cases of refractory pain. Despite the limited evidence, 
the effectiveness of topical agents is still questioned. 
If resting pain subsides, first passive physical therapy 

in combination with the motor retuning program 
(see above) then later active isometric followed by 
active isotonic training should be performed in com-
bination with sensory desensitization programs until 
restitution of complete motor function is achieved. 
Psychologic treatment has to support the regime to 
strengthen coping strategies and uncover contributing 
factors. In refractory cases spinal cord stimulation and 
epidural clonidine could be considered. If  refractory 
dystonia develops, intrathecal baclofen application is 
worth considering.
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Introduction

Central pain (CP) is defined by the International 
Association for the Study of Pain as “pain initiated or 
caused by a primary lesion or dysfunction in the cen-
tral nervous system (CNS)” [1]. CP may occur in a 
wide spectrum of quite different neurologic diseases. 
The most common and well-described CP conditions 
are central post-stroke pain (CPSP), central pain in 
multiple sclerosis (MS) and central pain in spinal 
cord injury (SCI) including syringomyelia, but any 
lesion or disease affecting the central somatosensory 
system (cerebrum, brainstem and spinal cord) may 
lead to this type of pain. 

The diagnosis of central pain may sometimes be 
difficult. Demonstration of a nervous system lesion 
is often not difficult in central pain conditions but 
differentiation from nociceptive types of pain (e.g. 
shoulder pain in stroke patients) or peripheral neu-
ropathic pain (e.g. at-level pain in SCI) may not 
always be easy. It is important that the pain has a 
relevant onset after the CNS lesion or disease and 
that it is located in areas of sensory changes that 
are  neuroanatomically compatible with the lesion. 
Central pain may be located diffusely below the level 
of a spinal cord injury, affect the hemibody in stroke 
or it may affect only a smaller part of the areas with 
somatosensory disturbances. 

Pathophysiology

It is well known that identical lesions in the CNS 
may lead to CP in one patient but not in another and 
the underlying mechanisms of CP are still not clear. 
Different theories have been proposed to explain pain 
following CNS lesions, and they probably involve 
 several different mechanisms at different levels in the 
CNS [2]. In animal models of SCI, changes in gluta-
mate receptors, excessive glutamate release, loss of tonic 
inhibition by γ -aminobutyric acid (GABA) interneu-
rones, changes in descending inhibition and facilita-
tion, microglia activation, and abnormal expression 
of sodium and calcium channels have been suggested 
to contribute to initiation and maintenance of central 
pain [2]. Central sensitization in parts of the nervous 
system seems to be an important mechanism of CP. 
This is supported by the higher prevalence of sensory 
hypersensitivity in patients with CP [3 –5]. Various dis-
inhibition hypotheses have been put forward, includ-
ing deafferentation in the lateral rapidly conducting 
spinothalamic tract causing disinhibition of medially 
located slowly conducting polysynaptic pathways [6] 
or lesion of a normal inhibitory effect exerted by the 
lateral cool projection system on the medial system of 
heat-pinch-cold neurones  passing from lamina I to the 
medial part of the thalamus, resulting in the release of 
cold allodynia and burning and ongoing pain [7]. 

Central post-stroke pain

Central post-stroke pain is often continuous and 
described as burning, aching, pricking, lacerating, 
and squeezing [4] but may have any pain descriptor. 

Evidence-Based Chronic Pain Management. Edited by 
C. Stannard, E. Kalso and J. Ballantyne. © 2010 Blackwell 
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Over two-thirds of central post-stroke pain patients 
have allodynia [4, 8, 9]. Tactile, movement and cold 
allodynia are commonly found [4, 8, 9]. Unilateral 
face pain, especially periorbital pain, is common in 
lateral medullary infarctions [10], but otherwise the 
pain may involve the whole hemibody or smaller 
parts of the area with sensory abnormality (hypo- or 
hypersensitivity) as a result of the stroke [9].

Prevalence
Few studies have examined the prevalence of central 
post-stroke pain. In a prospective study of 207 con-
secutive stroke patients, 8% developed central post-
stroke pain within the first year [4], but prevalence 
figures range from 1% to 11% in various studies [9]. 

Risk factors
Both ischemic lesions and hemorrhages may cause 
CP. The frequency seems to depend on the location of 

the lesion. Patients with lesions in the thalamus have a 
higher risk of developing CP than patients with other 
stroke locations, and patients with lateral medullary 
infarctions are suggested to have a 25% incidence of 
CP within 6 months after their stroke [10]. 

Pharmacologic intervention in CPSP
(Box 21.1)
Diagnosing CPSP is the first important step in the 
treatment. A few randomized controlled trials have 
evaluated the efficacy of pharmacologic agents in 
CPSP. The tricyclic antidepressant amitriptyline has 
been studied in a three-way cross-over study with 
amitriptyline 75 mg daily in central post-stroke pain. 
Amitriptyline significantly relieved pain and the 
 efficacy correlated well with total plasma concentra-
tion in a high number of responders with plasma 
concentrations exceeding 300 nmol/l [11]. In the 
same study, carbamazepine did not reduce  central 

Box 21.1 Interventions (oral drug treatment) supported or refuted by 
evidence as well as commonly used  interventions currently unproven 
in central post-stroke pain but with evidence in other neuropathic pain 
conditions

Level Drug 
daily dose

Study Design No. of 
patients

Pain type Outcome NNT
(95% CI)

Interventions supported by evidence
Grade B recommendation
Ib Amitriptyline

75 mg
Leijon & Boivie 
1989 [11]

RCT, D, Pl,
cross-over

15 Central pain ami � pl 1.7
(1.2–3.1)

Ib Pregabalin
up to 600 mg

Vranken et al. 
2007 [13]

RCT, D, Pl,
parallel

20 pre
20 pla*

Central pain pre � pl 3.3 
(1.9–14.3)

Ib Lamotrigine
200 mg

Vestergaard 
et al. 2001 [14]

RCT, D, Pl,
cross-over

30 Central pain lmt � pl NA

Interventions refuted by evidence
Ib Carbamazepine

800 mg
Leijon & Boivie 
1989 [11]

RCT, D, Pl,
cross-over

15 Central pain carb � pl –

Ib Citalopram
10–40 mg

Vestergaard 
et al. 1996 [12]

RCT, D, Pl,
parallel

9 cit
4 pla

Central pain cit � pl –

Interventions commonly used but unproven in central post-stroke pain
Gabapentin
Serotonin noradrenaline reuptake inhibitors
Opioids including tramadol

Rating of evidence was evaluated according to European Federation of Neurological Societies standard [61].
* Included 21 patients with central pain following spinal cord injury and 19 with central post-stroke pain.
ami, amitriptyline; carb, carbamazepine; CI, confidence interval; cit, citalopram; D, double-blinded; lmt, lamotrigine; NNT, number needed to treat for 
50% pain relief; pl/PL, placebo-controlled; pre, pregabalin; RCT, randomized clinical trial.
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post-stroke pain compared to placebo; however, 
both amitriptyline and carbamazepine treatments 
gave a 20% lower mean pain intensity score during 
the last week of treatment and, based on the rela-
tively small number of patients in this study, a pain-
relieving effect of carbamazepine in CPSP cannot be 
excluded. In a small parallel study, the selective sero-
tonin reuptake inhibitor citalopram did not relieve 
CPSP [12]. 

Recently, pregabalin was studied in a parallel group 
design study in patients with central pain follow-
ing stroke or spinal cord injury [13]. The etiology 
was stroke in 19 patients (of these, thalamic lesion in 
four and brainstem infarction in three) and SCI in 
21 patients. The study lasted 4 weeks. Pregabalin 
 significantly relieved pain with no difference in efficacy 
between the groups with spinal and brain injury. The 
number needed to treat (NNT) for 50% pain relief was 
low, at 3.3 (1.9–14.3). Lamotrigine 200 mg daily also 
reduced pain with a mean reduction of 30% as well as 
cold allodynia assessed by an acetone  droplet [14]. 

The possibility of preventing CPSP was studied 
using amitriptyline (10 mg the first day after the onset 
of stroke was diagnosed titrated to 75 mg within 3 
weeks) or placebo administered to 39 stroke patients 
for 1 year [15]. Within this year, CPSP developed in 
three patients receiving amitriptyline (VAS 5.0) and 
in four receiving placebo (VAS 5.4) and more stud-
ies with larger samples sizes are needed to establish 
the role of early treatment in this condition unless 
certain early predictors for developing CPSP can be 
identified. In a randomized study with high and low 
strength levorphanol in peripheral and central neuro-
pathic pain, patients with central pain following stroke 
were least likely to report benefit, which may partly be 
explained by the large number of withdrawals in this 
group (7/10)[16]. In another randomized controlled 
trial in mixed neuropathic pain which included nine 
patients with CPSP, dextromethorphan in a relatively 
small dose had no pain-relieving effect [17].

Spinal cord injury pain

Patients with SCI may experience central pain, 
peripheral neuropathic pain due to root lesions and 
nociceptive types of pain such as pain secondary to 
overuse, painful muscle spasms, and visceral pain 
[18]. In some patients, the mechanism  underlying 

the pain may be difficult to access and often it is a 
mixture of different types of pain. Neuropathic 
pain felt below the level of injury (below-level 
pain) is  considered a central pain, while neuro-
pathic pain felt at the level of injury (at-level pain) 
in many cases may have both peripheral and central 
mechanisms. 

Central pain in SCI is often a spontaneous  ongoing 
pain described as burning, squeezing, pricking/ 
sticking sensations. It may be accompanied by 
 allodynia, in which non-noxious touch, thermal stim-
uli, and movement can give rise to pain. Allodynia 
may occasionally be present without ongoing pain. 
Other sensations such as paresthesia and dysesthe-
sia may be present spontaneously or evoked, e.g. an 
ongoing tight sensation or tingling sensations evoked 
by touching the area. 

Prevalence
Only a few studies have evaluated the prevalence of 
central pain in a SCI population. In a prospective 
study, 100 patients were followed for 5 years after a 
SCI and pain was classified based on telephone inter-
view [19]. At 5-year follow-up, 73 patients were avail-
able and 52% were classified as having neuropathic 
pain (34% had below-level pain and 41% at-level 
neuropathic pain). In a retrospective register study 
of 402 patients at the SCI Unit at the Karolinska 
Hospital in Stockholm, Sweden, 40% had neuro-
pathic pain (28% had below-level pain and 12% at-
level pain) [20]. Thus the prevalence of central pain is 
suggested to be between 28% and 52%.

Risk factors
Spinal cord injury at older age seems to be a risk fac-
tor for the development of SCI neuropathic pain 
[20], while no consistent findings have emerged with 
respect to gender, level or extent (incomplete versus 
complete) of injury [18]. Sensory hypersensitivity is 
more common in SCI patients with neuropathic pain 
[5], while there is no difference in thermal sensitivity 
and thus spinothalamic tract function in SCI patients 
with or without central pain.

Pharmacologic intervention in SCI pain
Few randomized controlled studies have been per-
formed in SCI pain (Box 21.2). Gabapentin and prega-
balin have been shown to relieve SCI pain. In a small 
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Box 21.2 Interventions (oral drug treatment) supported or refuted by 
evidence as well as commonly used  interventions currently unproven 
in central pain following spinal cord injury but with evidence in other 
neuropathic pain conditions

Level Drug 
daily dose

Study Design No. of 
patients

Pain type Outcome NNT
(95% CI)

Interventions supported by evidence
Grade A recommendation
Ib Pregabalin

up to 600 mg
Siddall et al. 
2006 [23]

RCT, D, Pl,
parallel

70 pre
76 pl

Central pain pre > pl 7.1 
(3.9–37)

Ib Pregabalin
up to 600 mg

Vranken et al. 
2007 [13]

RCT, D, Pl,
parallel

20 pre
20 pl*

Central pain pre > pl 3.3 
(1.9–14.3)

Grade B recommendation
Ib Gabapentin

up to 3600 mg
Levendoglu 
et al. 2004 [22]

RCT, D, Pl,
cross-over

20 Neuropathic gab > pl NA

Interventions refuted by evidence
Ib Amitriptyline

10–125 mg
Cardenas et al. 
2002** [24]

RCT, D, Pl,
parallel

44 ami
40 pl

Nociceptive + 
Neuropathic

ami = pl –

Ib Trazodone
150 mg

Davidoff et al. 
1987 [25]

RCT, D, Pl,
cross-over

18 Neuropathic tra = pl –

Ib Lamotrigine
200–400 mg

Finnerup et al. 
2002 [26]

RCT, D, Pl,
cross-over

22 Neuropathic lmt = pl –

Ib Valproate 
600–2400 mg

Drewes et al. 
1994 [27]

RCT, D, Pl,
cross-over

20 Central pain val = pl –

Ib Mexiletine
450 mg

Chiou-Tan et 
al. 1996 [28]

RCT, D, Pl,
cross-over

11 Neuropathic mex = pl –

Interventions commonly used but unproven in spinal cord injury pain
Antidepressants (serotonin and noradrenaline reuptake inhibitors and tricyclic antidepressants)
Opioids including tramadol

Rating of evidence was evaluated according to European Federation of Neurological Societies standard [61].
Neuropathic pain includes at-level and below-level pain and thus both peripheral and central neuropathic pain. 
* Included 21 patients with central pain following spinal cord Injury and 19 with central post-stroke pain.
** Study included nociceptive pain and had no separate evaluation of neuropathic pain.
ami, amitriptyline; CI, confidence interval; D, double-blinded; gab, gabapentin; lmt, lamotrigine; mex, mexiletine; NNT, number needed to 
treat for 50% pain relief; pl/PL, placebo-controlled; pre, pregabalin; RCT, randomized clinical trial; tra, trazodone; val, valproate.

randomized study including seven patients, there was 
no statistically significant effect of  gabapentin [21] but 
in a subsequent study including 20  paraplegics with 
complete SCI, gabapentin up to 3600 mg relieved the 
intensity and frequency of pain and improved quality 
of life measures [22]. In a large parallel-group 12-week 
study, 70 SCI patients with central pain were allocated 
to pregabalin up to 600 mg daily and 76 SCI patients 
to placebo [23]. Concurrent pain medication was kept 
constant during the trial and included tricyclic antide-
pressants and antiepileptic drugs except gabapentin. 

Pregabalin significantly improved pain with a mean 
pain decrease of –1.53 (– 0.92 to –2.15), measured on 
a numeric rating scale (NRS 0 –10), similar to values 
observed in studies in peripheral neuropathic pain. 
The effect was significant from week 1 and remained 
so for the duration of the study. Pregabalin also 
improved pain-related sleep interference and anxi-
ety. The NNT for 50% and 30% pain relief were 7.1 
(3.9 –37) and 3.9 (2.5 –9.1) respectively. As discussed 
above, pregabalin also relieved pain in 21 patients 
with SCI in the mixed central pain study [13]. Other 
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trials  performed in SCI pain have all been negative 
(see Table 21.2), but there is a risk of type II error due 
to limited number of patients in these studies. 

In the study on amitriptyline, patients with 
mixed neuropathic and nociceptive pains were 
included and despite a mean serum concentration 
of 92 ng/ml, there was no significant pain-reliev-
ing effect [24]. Intensity of specific types of pain 
was, however, not recorded and thus an effect on 
neuropathic pain cannot be excluded. No effect of 
the antidepressant trazodone was found in a RCT 
including 18 SCI patients with neuropathic pain 
[25]. Lamotrigine was suggested to relieve pain in 
a subgroup of patients with incomplete injury and 
evoked pain, but this has not been confirmed [26]. 
Valproate as well as mexiletine failed to relieve CP in 
SCI patients [27, 28]. The combination of morphine 
and clonidine given intrathecally, but not the single 
drugs alone, provided significant pain relief in SCI 
patients with neuropathic pain [29]. The study sug-
gested that the drugs had to reach either the rostral 
end of the lesion or supraspinal sites to exert their 
analgesic effects. 

Intravenous drug trials are helpful in understanding 
mechanisms of SCI pain and such trials suggest that 
agents with sodium channel or NMDA receptor-
blocking effects and maybe also GABA agonists 
may be useful in SCI pain provided the therapeutic 
window is large enough for oral long-term treatment 
(reviewed in references 5, 18). The efficacy of opioids 
given intravenously is less consistent, but oral opioids 
are suggested to relieve SCI pain [16]. 

Central pain in multiple sclerosis

The demyelination seen in the central nervous system 
in MS is the likely cause of acute and chronic central 
pain conditions. Acute or chronic recurrent central 
pain conditions associated with MS disease include 
trigeminal neuralgia (TN), L’Hermitte’s sign,  painful 
tonic seizures and paroxysmal extremity pain. Most 
commonly, the patients report a chronic  ongoing 
central pain mostly located in the lower extremi-
ties [3, 30], but pain may be widespread. About half 
of the patients experience both superficial and deep 
pain at the same time and pain descriptors often used 
are pricking/tingling, aching, tiring, taut, burning and 
dull [3, 30].

In addition to central pain, nociceptive pain 
 conditions (including spasm-related pain and low 
back pain) and pain associated with optic neuritis are 
frequently seen in this population of patients. It may 
be difficult to differentiate between nociceptive pain 
conditions and central pain.

Prevalence
Central pain is experienced by around 30–40% of the 
MS population [30]. In a few patients CP may be the 
first symptom of the disease and may precede other 
symptoms for months or even years.

Subtypes of central pain conditions in MS 
The prevalence of trigeminal neuralgia in MS patients 
is estimated at 2–5% and is thus much more com-
mon than in the background population. In addition, 
bilateral TN is more frequently seen in MS patients 

[31] and TN associated with MS has a lower age of 
onset. TN is characterized by recurrent paroxysms of 
high pain intensity in the distribution of one or two 
branches of the fifth cranial nerve and may be trig-
gered by nonpainful stimuli. The pathophysiology 
of TN pain in MS is not fully explained. The pain 
condition may be explained by focal demyelination 
of the sensory nerve fibers within the nerve root 
or the brainstem [32]. Increased excitability in the 
trigeminal afferent neurones and altered threshold 
for repetitive firing may be the consequence of focal 
demyelination leading to spontaneous firing and 
pain paroxysms. A close apposition of axons and an 
absence of intervening glial cells favor ectopic firing 
and ephaptic conduction. 

L’Hermitte’s sign is described as an electric/tingling 
sensation radiating down the limbs and body that 
may be painful. It may be provoked by neck flexion. 
Pathophysiologically, this pain syndrome may be 
explained by demyelinating lesions of sensory axons 
in the cervical posterior column [33]. Around 5–10% 
of MS patients may experience painful L’Hermitte’s 
sign [34]. 

Painful tonic seizures (PTS) are reported in 1–19% 
of the MS population. PTS are described as paroxysms 
of uncontrollable uni- or bilaterally dystonic pos-
turing, lasting minutes, preceded and accompanied 
by a cramp-like, radiating pain [35, 36]. Movements 
or nonpainful tactile stimulation may provoke PTS. 
Electroencephalography shows no abnormalities and 
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the patient is conscious during attacks. Unilateral 
PTS is suggested to be caused by lesions involving the 
contralateral posterior limb of the internal capsule 
or cerebral peduncle [36], whereas bilateral PTS is 
more likely caused by lesions involving pyramidal fib-
ers in the medulla oblongata or medulla spinalis. The 
underlying mechanism may be explained by trans-
versely spreading ephaptic activation within a demy-
elinated lesion. It may be argued that pain associated 
with dystonic posturing in PTS is rather classified as 
a nociceptive pain condition. However, pain precedes 
other symptoms in PTS and part of the pain reported 
by patients is probably of central origin.

Acute paroxysmal extremity pain not associated 
with PTS has been described as lasting seconds to 
minutes [37], often located to the extremities. It has 
been suggested that paroxysmal extremity pain in 
MS occurs on the basis of ectopic activity at sites of 
demyelination in CNS [38]. Paroxysmal limb pain 
occurs in about 1–4% of MS patients [37, 39]. 

Chronic ongoing central pain is seen in around 25% 
of MS patients [30]. The pathophysiology of this type 
of pain is unknown. As chronic CP in MS most often 
affects the lower extremities and often is bilateral, it 
may be speculated that medullar lesions (plaques) in 
particular may give rise to CP conditions [30].

The sensory function in MS patients with pain 
has only been evaluated in a few studies. Two clini-
cal studies [37, 39] found that almost all MS patients 
with CP had involvement of the posterior column, 
whereas not all showed clinical involvement of the 
spinothalamic tract. Österberg [40] studied 62 MS 
patients with CP and 16 MS patients with sensory 
abnormalities but without pain. Quantitative sen-
sory testing (QST) revealed that the temperature 
sense was more affected in pain patients than in 
controls. Comparison of sensory function at maxi-
mal pain site in 50 MS patients with pain and 50 
MS patients without pain [3] showed that the spi-
nothalamic and lemniscal pathways were affected 
in both groups with no differences in detection or 
pain thresholds (QST). The MS patients with pain 
(58% with central pain), however, more frequently 
reported cold allodynia (acetone), abnormal tempo-
ral summation, lower threshold for mechanical pres-
sure and pinprick hyperalgesia. This suggests that 
MS pain is associated with some degree of hyper-
excitability in the CNS. 

Risk factors of CP in MS
Longer disease duration, higher age, higher degree 
of disability (higher Expanded Disability Status 
Scale (EDSS) score) and a progressive disease course 
are associated with the presence of general pain in 
MS [34]. However, it has not been evaluated if these 
factors also influence the risk of developing central 
pain.

Pharmacologic intervention in MS 
associated CP (Box 21.3)
The first-line treatment for both idiopathic and 
MS-related TN is carbamazepine which in RCT 
has been shown to reduce TN pain and paroxysms. 
Alternatively, oxcarbazepine may be used, though 
with a lower strength of evidence (for review see 
reference 41). The efficacy of antiepileptics in treat-
ing MS-related TN has not been documented so far. 
Uncontrolled studies including small numbers of 
patients have reported a reduction of TN pain in MS 
by lamotrigine [42] and gabapentin [43]. 

Painful tonic seizures in MS are normally treated 
with anticonvulsants [44] including carbamazepine, 
phenytoin and gabapentin. Pain-reducing effect of 
carbamazepine and diphenylhydantoin has only 
been reported in randomized trials in individual 
patients (N of 1 trial) [35]. Both IV lidocaine and 
mexiletine were found to be superior to placebo 
in treating PTS in a nonrandomized placebo-
controlled study [45].

In a recent randomized placebo-controlled study 
concerning the effect of cannabinoids on CP in 
MS [46], seven of the included patients had PTS 
and the authors stated that treatment response for 
this subgroup was as good as treatment response 
for patients with dysesthetic limb pain (see next 
section).

Chronic and recurrent central pain conditions 
including paroxysmal limb pain are often treated with 
antiepileptics or tricyclic antidepressants [44]. However, 
choosing these medications as first-line treatment of 
CP is not based on large RCT in MS patients. Österberg 
[40] conducted a randomized placebo-controlled 
three-phase trial evaluating the effect of amitriptyl-
ine and carbamazepine on CP in MS. A weak effect of 
amitriptyline (75 mg daily), but not carbamazepine, on 
nonparoxysmal central pain was found. Many drop-
outs (in the two active treatment periods) due to side 
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effects affected the results of this study. The target dose 
of carbamazepine had to be reduced (from 800 mg to 
600 mg daily). 

According to open studies and clinical reports, 
gabapentin and lamotrigine may be effective anal-
gesics in MS. However, no randomized studies have 
evaluated this. In an open-label study [47] moderate 
to excellent pain relief was obtained by gabapen-
tin treatment in 15 of 22 MS patients with a variety 
of pain syndromes. However, 50% of the patients 
reported side effects and five had to discontinue 
treatment. 

Different studies suggest that opioids may be used 
as alternative analgesics in neuropathic pain condi-
tions (for review see reference 41). In MS patients the 

efficacy of opioids in CP has not been documented. 
In a nonrandomized, placebo-controlled study [48] 
it was found that IV morphine only had an analgesic 
effect in a minority (4/14) of the MS patients with 
central pain.

The efficacy of cannabinoids in the treatment of cen-
tral pain in MS has recently been evaluated in two RCT. 
Svendsen et al. [49] conducted a randomized cross-over 
trial including 24 MS patients with CP. Three weeks’ 
treatment with orally administered synthetic δ-9-tet-
rahydrocannabinol (THC) (dronabinol) in a maximal 
dose of 10 mg reduced the intensity of ongoing and 
paroxysmal pain. In a randomized placebo-controlled 
parallel trial by Rog et al. [46] a whole-plant cannabis-
based oromucusal spray (CBM) was administered to MS 

Box 21.3 Interventions (oral drug treatment) supported or refuted by 
evidence as well as commonly used interventions currently unproven in 
multiple sclerosis but with evidence in other neuropathic pain conditions

Level Drug
daily dose

Study Design No. of 
patients

Pain type Outcome NNT
(95% CI)

Interventions supported by evidence
Grade B recommendation

Ib Dronabinol (THC)
5–10 mg

Svendsen et al. 
2004 49]

RCT, D, Pl, 
cross-over

24 Chronic CP THC > pl 3.5
(1.9 –24.8)

Ib THC:CBD (CBM)
25.9 mg:24 mg

Rog et al. 
2005 [46]

RCT, D, Pl, 
parallel

34, CBM
32, pl

Chronic CP (59)
PTS (7)

CBM � pl 3.7
(2.2 –13.0)

Grade C recommendation

II Amitriptyline
75 mg

Österberg 
2005** [40]

RCT, D, Pl, 
three-phase, 
cross-over

23 Nonparox CP ami � pl NA

Interventions refuted by evidence
II Carbamazepine

600–800 mg
Österberg 
2005***
[40]

RCT, D, Pl, 
three-phase, 
cross-over

23 Nonparox CP carb � pl –

Interventions commonly used but unproven in multiple sclerosis
Gabapentin/pregabalin
Tricyclic antidepressants
Carbamazepine/oxcarbazepine for TN/PTS
Lamotrigine for TN/PTS

Rating of evidence was evaluated according to European Federation of Neurological Societies standard [61].
* Level B recommendation due to possible side effects.
** Seven patients dropped out during amitriptyline phase.
*** Twelve patients dropped out during carbamazepine phase.
ami, amitriptyline; carb, carbamazepine; CBM, cannabis-based medicine; CI, confidence interval; CP, central pain; D, double-blinded; 
European Federation of Neurological Societies; NNT, number needed to treat for 50% pain relief; pl/PL, placebo-controlled; PTS, painful 
tonic spasms; RCT, randomized clinical trial; THC, δ-9-tetrahydrocannabinol; TN, trigeminal neuralgia.
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patients with central pain (including seven with PTS). 
Also in this study, CBM was found to be effective in 
reducing CP. 

In the same line a large randomized placebo-con-
trolled multicenter study from the UK [50] found an 
improvement in pain after 15 weeks’ treatment with 
cannabinoids (oral THC or cannabis extract). The 
primary outcome measure of this study, however, 
was spasticity and no information was given about 
subtypes of pain. In a heterogeneous group of neuro-
logic patients (including 14 MS patients, four patients 
with spinal cord injury and two patients with periph-
eral nerve injury) a double-blind placebo-controlled 
cross-over trial [51] found that both cannabidiol and 
THC were superior to placebo in pain relief.

Intrathecally administered baclofen (50 µg) had 
a pain-relieving effect in a small randomized trial 
including four MS patients, one patient with SCI and 
two patients with transverse myelitis [52]. Both dys-
esthetic and spasm-related pain were reduced.

Side effects of commonly used 
drugs in central pain

Gabapentin and pregabalin are structually related 
compounds and have similar side effect profiles. They 
are usually well tolerated with no contraindications 
except for known hypersensitivity to their compo-
nents and lack drug interactions although additive 
side effects may be seen. Dose reduction is needed 
in patients with impaired renal function. The most 
common adverse reactions are dose-related somno-
lence, which seems to be higher in the SCI population 
(41% in the pregabalin group and 9% in the placebo 
group [23]) than in peripheral pain trials, and dizzi-
ness (occurring in 20 – 40%). These side effects pose a 
risk for accidental injury in the elderly. Other adverse 
reactions include dry mouth, asthenia, blurred vision, 
ataxia, peripheral edema, and weight gain.

Lamotrigine is also well tolerated but is associated 
with dizziness, ataxia, diplopia, somnolence, and nau-
sea. The most serious side effects are allergic exan-
thema and Stevens–Johnson syndrome and therefore, 
very slow dose escalation is recommended.

Tricyclic antidepressants have common side effects 
attributed to anticholinergic actions, e.g. dry mouth, 
constipation, sweating, urinary retention, and blurred 
vision. There is a risk of somnolence and confusion, 

especially in elderly patients and patients treated 
with concomitant centrally acting drugs, and ortho-
static hypotension and gait disturbances are also 
concerns. TCAs are contraindicated in patients with 
epilepsy. The most serious side effect is cardiotoxicity 
and TCAs are contraindicated in patients with heart 
failure and cardiac conduction blocks and ECG is 
needed before initiating treatment with TCAs. 

The most common side effect of serotonin 
noradrenalin reuptake inhibitors (SNRI) is nausea. 
Other side effects include somnolence, dizziness, con-
stipation, anorexia, sweating, and sexual dysfunction. 
SNRI are safer drugs to use than TCA in patients with 
cardiac disease.

The most frequently reported side effects of can-
nabis-based medicine in clinical studies in MS were 
related to the central nervous system (dizziness, head-
ache, somnolence/tiredness), gastrointestinal tract 
(dry mouth, constipation, diarrhea) and muscu-
loskeletal system (myalgia, weakness). A few patients 
reported psychiatric side effects including eupho-
ria and dissociation. Tachycardia is a known side 
effect of dronabinol. Combination treatment with 
TCA, antihistamine or anticholinergics increases the 
risk of tachycardia, hypertension and somnolence. 
Cannabinoids should be used with caution in patients 
with a history of heart disese or seizure disorder. 
Although more studies support the thesis that can-
nabinoids are effective in treating central pain in MS 
patients, it should be noted that additional studies are 
needed to fully determine the safety profile of these 
drugs. Cannabis use has been shown to be an inde-
pendent risk factor for psychosis and psychotic symp-
toms, especially in adolescence, in individuals who 
have previously experienced psychotic symptoms and 
in those with genetic predisposition to schizophrenia 
[53] and therefore cannabis-based medicine should 
be avoided in these groups of patients. Addiction is 
not a common problem but has been reported after 
long-term treatment with high doses in healthy vol-
unteers (Marinol, official FDA information). 

The most common adverse effects of opioids 
are sedation, constipation and nausea and often 
treatment requires administration of laxatives and 
antiemetics. Other side effects include confusion, 
especially in elderly patients, urinary retention, 
dizziness, dysphoria, and nightmares. Cognitive 
changes, addiction and tolerance issues as well as 
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unsettled long-term hormonal changes are reasons 
for not considering opioids as first-line drugs in 
chronic noncancer pain [54].

Conclusion – evidence-based 
treatment of central pain

Treatment algorithm in CP
It is difficult to suggest a treatment algorithm 
based on randomized controlled trials within each 
of the above-mentioned central pain conditions 
and impossible in more rare central pain condi-
tions. Peripheral and central pain conditions share 
common clinical characteristics and it is likely that 
some of the underlying mechanisms may be simi-
lar. Most drugs suggested to be effective in neuro-
pathic pain (TCA, SNRI, gabapentin/pregabalin, 
opioids and tramadol) are nonspecific and act at 
multiple sites in both the peripheral and central 
nervous systems. So far, there is no evidence to 
suggest that these drugs/drug classes are effective 
in only some neuropathic pain conditions and it is 
rational to expect some overlap in efficacy in vari-
ous central pain conditions and probably also to 
translate efficacy from peripheral to central pain 
conditions. 

Pregabalin and gabapentin, whose analgesic action 
is thought to occur via binding to the α 2 δ subunit 
of voltage-gated calcium channels, have been found 
effective in both central and peripheral pain syn-
dromes and are normally well tolerated [13, 23, 41]. 
Therefore we recommend pregabalin/gabapentin 
as first-line treatment of CP. The efficacy of TCA is 
documented in peripheral neuropathic pain condi-
tions, whereas the results of randomized trials in dif-
ferent CP conditions are somewhat more conflicting. 
Amitriptyline reduced CPSP [11] but was ineffec-
tive in SCI pain [24]. However, in the SCI trial the 
primary endpoint was overall pain, not neuropathic 
pain. The results in peripheral neuropathic pain are 
very consistent [41] and TCA are therefore recom-
mended here as the second choice of treatment in 
CP. No RCT have evaluated the efficacy of SNRI in 
central pain, whereas this class of drugs has shown a 
moderate effect on pain in painful polyneuropathy 
[41]. The possible side effects of TCA may limit their 
use and in patients with cardiac disease, SNRI may be 
a safer choice. 

Lamotrigine has been shown to reduce pain in 
CPSP in one trial [14] but in SCI pain, there was no 
effect of lamotrigine although there was some sugges-
tion that it reduced pain in the subgroup of patients 
with incomplete SCI [26]. Lamotrigine has few side 
effects and slow dose escalation limits the risk of seri-
ous allergic reactions and so it may be considered an 
alternative analgesic in central pain. 

Cannabinoids were shown to be effective in 
reducing MS-related central pain and were well 
tolerated in low-dose regimens [46, 49]. However, 
possible long-term effects including psychiatric 
symptoms have not been ruled out and cannabi-
noids are therefore not recommended as first-line 
treatment in CP. The same is true of opioids and 
tramadol, in which long-term side effects and drug 
addiction are concerns. Small studies in CP have 
failed to document an effect of opioids in stroke 
patients [16] and MS patients [48]. However, opi-
oids as well as tramadol are effective in reducing 
peripheral neuropathic pain and may also be con-
sidered in refractory CP. 

There is a good rationale for combining drugs 
with different modes of action as this may lower 
the frequency and severity of side effects and 
have additive and maybe even synergistic effects 
but there is little clinical evidence for these 
assumptions. 

Thus, based on efficacy in CP and peripheral 
neuropathic pain [55], as well as considering side 
effects and long-tem risks, a treatment algorithm 
for CP may look as suggested in Figure 21.1.

First choice

Second choices

Third choices

Pregabalin/gabapentin

Cannabinoids (in MS)
Opioids/tramadol

Tricyclic antidepressants
Serotonin noradrenaline

reuptake inhibitors
Lamotrigine

Combinations

Central pain

Figure 21.1 Proposed treatment algorithm for central 
pain conditions (trigeminal neuralgia in MS not included).
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Future studies may reveal whether a mechanism-
based treatment classification is more useful than 
the traditional disease-based classification.

Nonpharmacologic treatment of CP
New trials on single and repetitive transcranial 
magnetic stimulation suggest transient efficacy in 
central pain (Level B recommendation) and may 
be predictive of efficacy with implanted motor cor-
tex stimulation [56 –58]. Motor cortex stimulation 
may reduce pain in about 50% of CPSP patients as 
shown by two class III studies (for review see ref-
erence 58). Very few studies have been conducted 
evaluating the efficacy of deep brain stimulation 
(DBS) on central pain and the results are conflict-
ing. Therefore the recommendation of the European 
Federation of Neurological Societies (EFNS) is only 
to perform DBS in experienced centers with estab-
lished outcome measures [58].

The difficulties in obtaining optimal pain relief  in 
CP conditions by pharmacologic intervention empha-
size the need for a multidisciplinary approach. 
Nonpharmacologic treatment regimens including 
physiotherapy, cognitive and behavioral therapy are 
often used. Norbrink et al. [59] performed a non-
randomized study, in which a multidisciplinary pain 
program was evaluated in patients with SCI and neu-
ropathic pain. The 10-week program included edu-
cational sessions on pain physiology/pharmacology, 
behavioral therapy, relaxation techniques and body 
awareness training and included 27 patients with SCI. 
A control group consisting of 11 patients with neuro-
pathic pain was included. At 12-month follow-up no 
effect was seen on pain intensity, but the level of anxi-
ety and depression decreased. Other methods such as 
hypnosis may also be useful. 

Future research
There is a strong need for more randomized clini-
cal studies in optimizing the treatment of CP. Large-
scale multicenter studies on both pharmacologic 
and nonpharmacologic treatments are warranted. 
Studies evaluating the efficacy of combining dif-
ferent analgesics could give us more information 
about possible synergistic effects. In the evaluation 
of treatment efficacy, simple psychometric scales 
on pain intensity and quality of life measures are 
recommended [60]. The intensity of different pain 

qualities (including spontaneous and evoked pain) 
should be measured separately, enabling us to assess 
the possibility of a mechanism-based treatment. 
Functional neuroimaging may in the future give us a 
better understanding of central pain processing and 
pathophysiologic differences in spontaneous and 
provoked pain. 

Authors’ recommendations
Currently only a few clinical studies are available to 
guide us in the treatment of the individual patient 
with CP. However, we recommend that clinicians fol-
low the evidence based treatment algorithm given in 
Figure 21.1. In our opinion, this is the best treatment 
option at the time of writing.

It is well known that the outcome of pharmaco-
therapeutic treatment of neuropathic pain (including 
CP) is poor. Only 30 – 40% of patients will achieve a 
target of at least 50% pain reduction. Therefore, we 
recommend that a multidisciplinary team (including 
pain nurses, physiotherapists and psychologists) is 
established at the pain clinic to help patients to cope 
with the pain. Invasive procedures such as DBS need 
further documentation on therapy for CP and are not 
recommended at this time. 
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Introduction

Headache disorders are major health problems with 
great societal and individual impact. Migraine is listed 
by the World Health Organization (WHO) as the 
19th highest cause of disability (12th in women) in 
the Global Burden of Disease Study from 2000 (www.
WHO.int). It is estimated that the total annual cost 
for migraine is 27 billion euros per year in Europe.

In the last 30 years research, primarily in migraine, 
has provided new insights into the causes, mecha-
nisms and management of headache disorders. 
Changes in regional cerebral blood flow linked the 
migraine aura to spreading depression of Leao in 
1981[1], a new specific treatment for migraine, the 
triptans, was introduced in 1991 [2] and a gene for a 
subform of migraine was found in 1996 [3].

In this chapter, the epidemiology, clinical fea-
tures, pathophysiology and drug treatment of the 
three primary headaches – migraine, tension-type 
headache, and cluster headache – will be reviewed.
Concerning drug treatment, only results based on 
randomized clinical trials and systematic reviews will 
be mentioned.

Primary headaches

Epidemiology
Migraine has a uniform worldwide prevalence with 
a lifetime prevalence of 16% [4,5]. The male/female 

ratio varies from 1:2 to 1:3 with a more pronounced 
female preponderance in migraine without aura than 
in migraine with aura [6]. In its milder and infrequent 
forms, tension-type headache is a nuisance rather than 
a disease, but in its frequent forms, it becomes distress-
ing and socially disturbing like other primary head-
aches. The prevalence of chronic tension-type headache 
is quite uniform, 2–3% in most studies [4, 5, 7], and 
the vast majority of patients with chronic tension-type 
headache suffer from a daily, almost constant head-
ache.The male:female ratio of tension-type headache 
is 4:5 indicating that, unlike migraine, females are only 
slightly more affected [4, 5].

The prevalence of cluster headache is 1%  with a 
male:female ratio of 1:5 [8].

Pain character, severity and location 
in primary headaches
The typical migraine attack is often dominated by a 
severe and pulsating, unilateral pain which is aggra-
vated by physical activity [9], although various clini-
cal manifestations are described. The prominent 
associated symptoms photophobia, phonophobia and 
nausea, sometimes also vomiting, are often just as 
incapacitating as the pain itself. 

In tension-type headache, patients usually describe 
their pain as a “dull,” “nonpulsating” headache. Terms 
such as a sensation of “tightness,””pressure” or “soreness” 
are often employed. Some patients refer to a “band” or a 
“cap” compressing their heads [10]. The pain of tension-
type headache is typically bilateral [11].

In cluster headache there is a severe orbital or 
periorbital pain lasting 15–180 minutes with accom-
panying symptoms such as Horner’s syndrome, 
 lacrimation, rhinorrhea, and restlessness and  agitation. 
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The attacks occur in clusters of weeks to months and 
in a minority of 15% the condition is chronic, going 
on for years.

Pathophysiology

Migraine
The following pathophysiologic mechanisms behind 
migraine have been suggested: genetic, neurogenic, 
vascular, inflammatory or combinations of those. Are 
the mechanisms peripherally or centrally located or 
are the interactions between the periphery and the 
brain altered during the attack? For an update, see 
Olesen et al. [9]).

In the very rare condition familial hemiplegic 
migraine, mutations in the P/Q calcium channel 
complex have been described [3]but this gene has so 
far not been linked to migraine with or without aura 
[12]. A genetic mechanism is undoubtedly involved 
as an increased familial risk in first-degree relatives of 
migraineurs has been described, which varies from 1.9 
in migraine without aura to 3.8 in migraine with aura 
and 14 in cluster headache [13]. Precipitating factors 
such as stress, mental tension, certain foods, wine 
and spirits are quite unspecific and are therefore only 
of limited guidance although the frequent reports of 
mental and biochemical stressors along with accom-
panying symptoms as nausea, photo- and phonopho-
bia indicate central mechanisms. 

The migraine aura has been linked to a cortical 
hyperexcitability, and transcranial magnetic stimula-
tion has demonstrated consistently and significantly 
lowered thresholds and recorded visual symptoms 
such as phosphenes in all migraine patients, in con-
trast to only 27.% of controls [14], which suggests an 
increased excitability. Cortical spreading depression 
of Leao, which has mainly been demonstrated in ani-
mal models and recently in humans after brain injury 
[15] and during migraine aura [16], is likely to play a 
fundamental role in the migraine aura [1]. 

Concerning the peripheral factors, the cranial ves-
sels have been studied extensively. The patients never 
doubt that their pain is vascular, due to the throb-
bing, pulsating quality and the transient comfort 
in a minority (30%) of patients of compressing the 
temporal artery on the painful site. Dilation of the 
large intracranial arteries can play a role in the pain 
process, as dilation of various segments of the middle 

cerebral artery can produce referred pain in relevant 
areas but the pain is transient and not a migraine [9]. 
Ictally, a strictly unilateral dilation of the  temporal 
artery on the painful site has been demonstrated [17] 
and there is also indirect evidence of dilation of the 
middle cerebral artery on the migraine site by means 
of transcranial Doppler measurements in some [18] 
but not in all [19] studies. Infusion of the exogenous 
NO donor glyceryl trinitrate (GTN) causes dilation 
of the cephalic arteries and a delayed headache indis-
tinguishable from genuine migraine attack is elicited 
in most migraine patients after 5–6 hours [20, 21]. 
The NO molecule acts, however, on multiple systems 
including the cortical and brainstem neurones and 
the vascular effect may therefore represent an epi-
phenomenon. Nevertheless, the GTN model is a very 
useful human model for the study of various aspects 
of the entire migraine episode [20–22]. The highly 
prominent vasoconstrictor effect of specific and effec-
tive acute migraine drugs such as the triptans, ergot-
amine, and dihydroergotamine (DHE) also supports 
a prominent vascular mechanism. 

Activation of the trigeminal ganglion and trigemi-
nal nucleus has been intensively studied in animal 
models [23] and may be involved in the migraine 
attack, leading to migraine being termed a trigemino-
vascular disease. Whether the activation of the trigem-
inal system is primary or secondary to the migraine 
pain is yet unknown. Calcitonin gene-related pep-
tide (CGRP) in the external jugular measured dur-
ing migraine attacks was increased in one study [109] 
but in a recent, controlled study [24] no such increase 
was found. However, CGRP infusion induces head-
ache in migraine [25] and two CGRP antagonists, 
BIBN4096BS and MK-0974, were effective in the 
treatment of migraine attacks [26, 27].

In conclusion, migraine is a transient, complex dis-
order in otherwise healthy individuals and the most 
likely mechanism that can unify the numerous  existing 
hypotheses is a neuronal depolarization. This depolari-
zation is probably due to a genetically inherited mem-
brane channel dysfunction in the  neurones, either 
increased excitability or lack of inhibitory  transmitters. 
If a certain number of probably very individual exter-
nal triggers are present, a migraine attack can be initi-
ated and runs its course when first started. Apart from 
the attacks, there are no clinical signs of the underlying 
neuronal dysfunction, as trigger factors are required to 
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start the process. Similarly, the trigger factors alone 
cannot initiate the migraine attack as a genetic dis-
position is required. Thus both conditions must be 
fulfilled. The activation of the trigeminal and the vas-
cular system is most likely to be secondary to the basic 
migraine process although highly involved in the elic-
ited central–peripheral–central migraine cascade. 

At present, acute pharmacologic intervention is 
quite effective by minimizing and interfering with 
this cascade reaction but it has no preventive effect on 
the next attack, indicating that other basic neuronal 
or transmitter systems are involved. Future studies 
applying more advanced neurophysiologic and neu-
roimaging techniques, along with genetic studies, will 
hopefully shed more light on the basic mechanisms 
of migraine.

Tension-type headache
The pathophysiology of tension-type headache is also 
far from being elucidated and has been far less inves-
tigated than that of migraine.

The prevalence of tension-type headache is the 
same in monozygotic and dizygotic twins and it 
has been concluded that environmental factors are 
more important than genetic factors in tension-type 
headache [28].

Tension-type headaches are generally held to occur 
with emotional conflict and psychosocial stress but 
the cause–effect relation is not clear. Stress and men-
tal tension are thus the most frequently reported pre-
cipitating factors but occur with similar frequency 
in tension-type headache and migraine [29]. Widely 
normal personality profiles are found in subjects with 
episodic tension-type headache, whereas studies of 
subjects with the chronic form often reveal a higher 
frequency of depression and anxiety [30, 31].

Increased tenderness in pericranial muscles is the 
most consistent abnormal physical finding in patients 
with tension-type headache; it increases with  increasing 
frequency and intensity of the headache [32]. Subjects 
with the episodic form have increased tenderness com-
pared to migraineurs and healthy controls but are less 
tender than subjects with chronic tension-type head-
ache [32, 33]. Concerning pain thresholds recorded 
by pressure algometry, most studies report normal 
pain thresholds in episodic tension-type headache but 
decreased values in patients with the chronic form 
[32, 33]. It is most likely that chronic tension-type 

headache has a physiologic basis and is caused at least 
partly by long-term qualitative changes in the central 
processing of sensory information [33].

The initiating stimulus in tension-type headache 
may be a condition of mental stress, unphysiologic 
motor stress, a local irritative process or a combina-
tion of these. Secondary to the peripheral stimuli, the 
supraspinal pain perception structures may become 
activated, and due to central modulation of the incom-
ing stimuli, a self-limiting process will be the result in 
most subjects. As most cases of chronic tension-type 
headache evolve from the episodic form, it is postu-
lated that prolonged peripheral input sensitizes the 
central nervous system [34] and a disturbance in the 
complex interaction between peripheral and central 
mechanisms is therefore likely of major importance for 
the conversion of episodic into chronic tension-type 
headache [35].

Cluster headache
Cluster headache is a chronobiologic headache with a 
tendency for the attacks to occur at a certain time of 
the day, especially at night. The attacks are most likely 
generated from the hypothalamus [36]. The pain is 
most likely a trigeminovascular pain with dilation of 
large cerebral arteries [36].

Systematic reviews and 
meta-analyses in migraine

Several systematic reviews with meta-analyses of acute 
migraine treatment have been published [12, 37–44]. 
In addition, three systematic reviews of preventive 
migraine treatment have been published [45–47]. One 
should distinguish between systematic reviews in which 
several randomized clinical trials (RCT) of a single 
drug are evaluated to obtain more precise information 
about its merits [40, 41, 43–45, 47] and those in which 
several drugs or administration forms are compared in 
a meta-analysis [12, 37–40].

In the systematic reviews and meta-analyses of acute 
migraine treatment [12, 37, 38, 40–44] patients had 
moderate or severe headache and headache relief was 
defined as a decrease to none or mild [48]. Headache 
relief was the primary efficacy measure in most RCTs. 
Being pain free after 2 hours was also reported in 
most studies and was evaluated in some meta-analyses 
[12, 38, 42]. One of the systematic reviews [12, 38] also 
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evaluated sustained pain-free status (pain free after 
2 hours, no use of rescue medication and no recur-
rence within 24 hours). In addition, tolerability versus 
 placebo was evaluated in these systematic reviews.

Systematic reviews of one drug for 
the treatment of migraine
Naratriptan 2.5 mg was superior to placebo (number 
needed to treat (NNT) for headache relief 4.6) in 
a systematic review [43]. For a comment on the 
magnitude of the effect of naratriptan, see below. 
Rizatriptan 10 mg was superior to placebo with a 
NNT of 2.7 (95% confidence interval (CI) 2.4–2.9) 
[49]. Rizatriptan 10 mg is a first-line drug for the 
treatment of migraine attacks. Almotriptan 12.5 mg 
was superior to placebo with a NNT of 3.4 [44]. Both 
eletriptan 40 mg and 80 mg were superior to placebo 
[41]. Eletriptan 40 mg is a first-line treatment option 
in acute migraine attacks with a NNT of 2.9 (95% 
CI 2.6–3.3 [41] and eletriptan 80 mg (NNT 2.6, 95% 
CI 2.4–3.0) can be tried in especially severe migraine 
attacks. In one systematic review the efficacy param-
eter pain-free response at 2 hours was used [42] and 
sumatriptan 100 mg was superior to placebo with 
NNT of 5.1 (95% CI 3.9–7.1). Sumatriptan 50 mg 
was not superior to placebo for this parameter but 
only a small number of patients (n = 124) were ana-
lyzed [42]. In a large meta-analysis, sumatriptan 
50 mg was superior to placebo with a therapeutic 
gain (TG) (percentage relief with active drug minus 
percentage relief with placebo) of 18% for pain-free 
status [12]. In a recent large RCT, sumatriptan 50 mg 
(49%) taken in the mild phase of a migraine attack 
was superior to placebo (24%) for pain-free status at 
2 hours [50]. 

Meta-analyses of drugs used for the 
acute treatment of migraine
One systematic review presented a meta-analysis of 
the seven oral triptans (sumatriptan, zolmitriptan, 
naratriptan, rizatriptan, almotriptan, eletriptan, and 
frovatriptan) and of subcutaneous, intranasal, and 
rectal sumatriptan [37]. The meta-analysis was based 
on headache relief, and the mean TG with 95% CI 
was calculated. Based on this meta-analysis, subcuta-
neous sumatriptan 6 mg (TG 51%; 95% CI 49–53%) 
and eletriptan 80 mg (TG 42%; 95% CI 37–47%) were 
superior to sumatriptan 100 mg (TG 32%; 95% CI 

29–34%). In contrast, the mean TG were inferior to 
sumatriptan 100 mg for naratriptan 2.5 mg (TG 22%; 
95% CI 18–26%), and for frovatriptan (TG 16%; 95 CI 
8–25%). Similar results were found in two other meta-
analyses [39, 49, 51]. For details, see Tfelt-Hansen 2006 
[52]. There are minor differences most likely due to 
differences in the RCT included in the meta-analyses 
[37, 39, 49].

Based on these three systematic reviews, one can 
conclude that subcutaneous sumatriptan 6 mg is the 
most effective triptan. Eletriptan 80 mg (for headache 
relief and pain-free status), and rizatriptan 10 mg (for 
pain-free status) are somewhat better than sumatriptan 
100 mg, whereas naratriptan 2.5 mg and frovatriptan 
2.5 mg are inferior to sumatriptan 100 mg.

A large meta-analysis of 53 RCT with oral triptans 
was published in The Lancet [38] and later in detail 
in Cephalalgia [12]. Unpublished studies were also 
included in this meta-analysis [38]. Some of the results 
are shown in Figure 22.1. The authors’ interpretation 
of the meta-analysis combined with  evaluated com-
parative RCT are shown in Table 22.1. Headache relief 
at 2 hours was the primary per protocol endpoint 
in nearly all triptan RCT and as illustrated in Figure 
22.1A, headache relief after 2 hours, compared with 
100 mg sumatriptan, was higher for rizatriptan 10 mg 
and eletriptan 80 mg, lower for naratriptan 2.5 mg 
and frovatriptan 2.5 mg. For the placebo-subtracted 
response, the same as TG, only eletriptan 80 mg was 
superior to sumatriptan 100 mg. Pain-free status at 
2 hours, recommended as the primary efficacy meas-
ure by the International Headache Society [53], was 
a secondary endpoint in most RCT. Compared with 
sumatriptan 100 mg, naratriptan 2.5 mg showed lower 
absolute pain-free rates whereas eletriptan 80 mg, 
almotriptan 12.5 mg, and rizatriptan 10 mg showed 
higher values. However, only eletriptan 80 mg and riza-
triptan 10 mg showed higher values than sumatriptan 
for TG for pain-free status (placebo- subtracted val-
ues) (see Fig. 22.1B). Sustained pain-free status was 
higher for rizatriptan 10 mg (26%, 95% CI 24–27%), 
eletriptan 80 mg (25%, 95% CI 23–27%), and almo-
triptan 12.5 mg (27%, 95% CI 23–30%) compared 
to sumatriptan 100 mg (20%, 95% CI 18–21%). 
For adverse events, sumatriptan 100 mg had a mean 
 placebo-subtracted rate of any adverse events of 13% 
(95% CI 8–18%). Rates for the other triptans overlap, 
except for lower values for almotriptan 12.5 mg and 
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Figure 22.1 Headache response (A) and pain-free status after 2 hours (B) after seven oral triptans. The shaded area 

indicates the 95% CI for sumatriptan 100 mg for both absolute responses and placebo-subtracted results. From Ferrari 
et al. [38] with permission from the publisher.

Table 22.1 Comparison of the main efficacy and tolerability measures for oral triptans 
versus sumatriptan 100 mg based on the results of the meta-analysis and direct comparative 
trials,  modified from Ferrari et al. 2002 [12]. In bold parentheses is shown my personal judg-
ment of these items for rizatriptan, eletriptan, and almotriptan based on the meta-analysis 
[12] and some later published comparative RCT [60, 61]

Initial 2-h relief Sustained 
pain-free status

Tolerability

Sumatriptan 50 mg � � �

Sumatriptan 25 mg � �/� �

Zolmitriptan 2.5 mg � � �

Zolmitriptan 5 mg � � �

Naratriptan 2.5 mg � � ��

Rizatriptan 5 mg � � �

Rizatriptan 10 mg �(�/�) �(�/�) �(�)
Eletriptan 20 mg � �

Eletriptan 40 mg �/�(�) �/�(�/�) �(�)
Eletriptan 80 mg �(�)(�) �(�) �(�)
Almotriptan 12.5 mg �(�) �(�) ��(��)

�, no difference when compared with 100 mg sumatriptan; �, better than sumatriptan; �, inferior when 
compared with sumatriptan.
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naratriptan 2.5 mg. The rates for almotriptan and 
naratriptan did not differ from placebo.

The authors of the meta-analysis concluded that 
at marketed doses, all oral triptans were effective 
and well tolerated. Rizatriptan 10 mg, eletriptan 
80 mg, and almotriptan 12.5 mg provide the high-
est likelihood of consistent success [38]. I agree 
that all triptans are more effective than placebo but 
the TG for both naratriptan 2.5 mg (22%) [38] and 
frovatriptan 2.5 mg (18%) [38] are low (see Fig. 
22.1A), and lower than the TG for the combina-
tion of  aspirin plus metoclopramide (31%) [40]. 
These two triptans are also more costly than this 
combination. 

Rizatriptan 10 mg is rated � for initial 2 hour 
relief compared with sumatriptan 100 mg (see Table 
22.1). The TG for headache relief for rizatriptan 
10 mg was similar to sumatriptan (see Fig. 22.1A) 
and in a large comparative RCT, the two drugs were 
comparable for this efficacy measure [54]. For pain-
free status after 2 hours, however, the TG was higher 
for rizatriptan 10 mg than for sumatriptan 100 mg. 
The same was found in a comparative RCT [54]. In 
addition, rizatriptan 10 mg (n � 1114) was supe-
rior (5%: 95% CI 0.6–9%) to sumatriptan 50 mg 
(n � 1116) for pain-free status after 2 hours in a 
combined analysis of two trials [55, 56]. Rizatriptan 
10 mg was superior to sumatriptan 100 mg for sus-
tained pain-free status [38] but this was not the case 
in the comparative RCT [12]. 

After the publication of the meta-analysis [12, 38], a 
new large placebo-controlled RCT comparing  eletriptan 
40 mg and sumatriptan 100 mg was  published [57]. This 
study together with two previous RCT [58, 59] consti-
tutes a large head-to-head comparative database [60]. 
The headache relief rate after 2 hours was higher for 
eletriptan 40 mg (67%) than for sumatriptan 100 mg 
(57%) [60] and the 2-hour pain-free response was also 
higher for eletriptan (35%) than for sumatriptan (25%) 
[60]. The sustained pain-free response was higher for 
eletriptan (22%) than for sumatriptan (15%) [60]. The 
frequency of adverse effects (AE) was similar for the two 
drugs [60]. In the meta-analysis eletriptan 80 mg, a dose 
not routinely used, was superior to sumatriptan 100 mg 
for TG for headache relief, pain-free status after 2 hours 
(see Fig. 22.1) and sustained pain-free status [12,38]. 
This was also the case in the comparative  studies [12]. 
Almotriptan 12.5 mg had the same initial 2-hour relief 

and TG for pain-free status as sumatriptan 100 mg (see 
Fig. 22.1). 

In one large comparative RCT [61] published after 
the meta-analysis [38], almotriptan 12.5 mg (18%) 
was inferior to sumatriptan 50 mg (25%) for pain-free 
status after 2 hours. Apparently, almotriptan 12.5 mg 
is better than sumatriptan 100 mg for sustained pain-
free status, based on the meta-analysis [12, 38]. This 
was, however, not the case in a comparative RCT [12] 
and in a cross-over RCT [61] almotriptan 12.5 mg 
had a lower sustained pain-free response (12.9%) 
than sumatriptan 50 mg (17.6%) [62]. The better 
tolerability of almotriptan 12.5 mg than sumatriptan 
was confirmed in two trials [61, 63]. In one RCT, 
treatment-related AE occurred more frequently with 
sumatriptan 50 mg (15.5%) than with almotriptan 
12.5 mg (9.1%) [61] and in another RCT, the inci-
dence of AE was higher with sumatriptan 100 mg 
(22.2%) than with almotriptan 12.5 mg (8.7%). The 
incidence of AE was the same for almotriptan as for 
placebo 12.5 mg (6.1%) [63].

My personal ratings of rizatriptan 10 mg , elet-
riptan 40 mg and 80 mg, and almotriptan 12.5 mg 
versus sumatriptan 100 mg are shown in bold 
parentheses in Table 22.1. Rizatriptan 10 mg should 
have �/� rating for initial 2-hour relief and for sus-
tained pain-free status whereas the rest of the rating 
is unchanged. Eletriptan 40 mg should have � for 
initial relief based on the three comparative RCT [60] 
and the same is the case for sustained pain-free status. 
Eletriptan 80 mg is unchanged. Almotriptan 12.5 mg 
is in my view comparable to sumatriptan 100 mg for 
initial relief and sustained pain-free status but its bet-
ter tolerability, comparable to placebo, has been con-
firmed in two RCTs [61, 63].

Recent results of RCTs with triptans 
and comparisons with ergotamine
In two recently published RCT [64] with rapid-
release/fast-disintegrating tablets, sumatriptan 100 mg 
(n � 1101) had a TG for headache relief of 30% (95% 
CI 26–34%) versus placebo (n � 1113), the same 
as sumatriptan 100 mg in the meta-analysis [12, 38] 
(see Fig. 22.1A). For pain-free status after 2 hours, the 
mean TG was 32% (95% CI 28–36%) [64] which is 
higher than the 20% TG for conventional sumatriptan 
tablets (see Fig. 22.1B). Unfortunately, there are no 
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comparative RCT with this new oral formulation of 
sumatriptan.

Treatment in the mild phase of a migraine attack 
results in higher TG for 2-hour pain-free status. This 
measure increased to 48% after rizatriptan 10 mg [65] 
and 25–44% after sumatriptan 100 mg [50]. It has 
therefore been suggested that migraine attacks should 
be treated early. 

Finally, in three RCT oral sumatriptan 100 mg, 
rizatriptan 10 mg, and eletriptan 40 mg and 80 mg 
were superior to oral ergotamine plus caffeine [66–
68]. In contrast, in one RCT rectal ergotamine plus 
caffeine was superior to rectal sumatriptan 25 mg 
(Clinical Trial Register, GSK: www.gsk.com). 

An overview of acute treatment drugs for migraine 
is shown in Table 22.2.

Other drugs for migraine
In a consensus paper on ergotamine it was stated that 
the evidence for its use in migraine is there but is not 
up to current standards [69]. The oral bio-availability 
of ergotamine is less than 1% and if used in migraine 

attacks of long duration, should be administered by 
the rectal route [69].

The nonsteroidal anti-inflammatories aspirin, 
tolfenamic acid, naproxen, ketoprofen, ibuprofen, and 
diclofenac potassium were all superior to placebo in 
the treatment of migraine attacks [70].

Effervescent aspirin 1000 mg was as effective as 
sumatriptan 50 mg in one RCT [110].

The combination of lysine acetylsalicylate 1640 mg 
plus metoclopramide 10 mg was as effective as 
sumatriptan 100 mg in one placebo-controlled RCT 
[71]. Diclofenac potassium 100 mg was comparable 
to sumatriptan 100 mg [111]. Tolfenamic acid 200 mg 
was inferior to sumatriptan 100 mg [52].

Systematic reviews of drugs for migraine 
prophylaxis 
In one systematic Cochrane review of propranolol 
[45] it was concluded that propranolol is effective for 
short-term migraine prophylaxis, evidence on long-
term effects is lacking, and propranolol seems to be as 
effective and safe as a variety of other drugs used for 

Table 22.2 Clinical efficacy, scientific proof for efficacy, and potential for adverse events, rated on a scale 

from  �  to ����, for some drugs used in acute migraine treatment

Drug Clinical 
efficacya

Scientific proof for 
efficacy

Adverse event potential

Subcutaneous sumatriptan 6 mg ���� ����* ���
Sumatriptan 100 mg ��� ����* ��
Sumatriptan 50 mg ��� ����* �
Rizatriptan 10 mg ��� ����* ��
Zolmitriptan 2.5 mg ��� ���� ��
Naratriptan 2.5 mg �� ����* 0b

Eletriptan 40 ��� ����* ��
Frovatriptan 2.5 mg �� ��� �
Almotriptan 12.5 mg ��� ����* 0b

Oral ergotamine 2 mgc � � ��
Rectal ergotamine 2 mgd

��� �� ���
Effervescent aspirin ��� ��� �
Aspirin plus metoclopramidee

��� ��� �
Naproxenf

�� ��� �
Ibuprofenf

�� ��� �

* Systematic review available.
a Based on a combination of the published literature and personal experience; b no more adverse events than placebo; c for details, 
see Tfelt-Hansen et al. 2000 [37]; d see www.GSK.com; e see Tfelt-Hansen et al. 1995 [71]; f see Tfelt-Hansen & Rolan 2006 [103].
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migraine prophylaxis. Propranolol is thus a first-line 
drug for migraine prophylaxis. 

In another systematic Cochrane review the efficacy 
of feverfew in migraine prophylaxis was judged as 
unproven [46].

Anticonvulsants were evaluated for migraine proph-
ylaxis in one systematic Cochrane review [47]. It was 
concluded that sodium valproate/divalproex sodium is 
superior to placebo. Valproate/divalproex sodium are 
second-line drugs for migraine prophylaxis because of 
adverse events, sedation and weight gain. There is no 
RCT comparing valproate with propranolol.

Topiramate has been evaluated in three large RCT 
and topiramate 100 mg was superior to placebo in 
all [72–74]. Topiramate 100 mg was comparable to 

propranolol 160 mg [74]. Topiramate is a second-line 
drug for migraine prophylaxis. There are, however, 
adverse events, sedation and cognitive impairment 
with topiramate and its place in migraine prophylaxis 
depends on how migraine patients in clinical practice 
will tolerate the drug. 

For a review of preventive therapy in migraine, see 
Yoon et al. 2005 [75]. An overview of the prophylactic 
drugs for migraine is shown in Table 22.3.

Clinical trials in tension-type 
headache

Acute treatment of tension-type headache has been 
investigated in episodic tension-type headache, and in 

Table 22.3 Clinical efficacy, scientific proof for efficacy, and potential for adverse events, rated on a scale 

from � to ����, for some drugs used in migraine prophylaxis. Modified from Tfelt-Hansen [104]

Drug Clinical efficacya Scientific proof for 
efficacy

Adverse event 
potential

β-Blockers (propranolol*, metoprolol, 
atenolol, nadolol, bisoprolol)

���� ���� ��

Antiepileptics

Sodium valproate /divalproex* �� or ��� ��� ���
Topiramate* ��� ���� ���

Antiserotonin drugs

Methysergideb
���� �� ����

Pizotifenb
�� �� ���

Calcium antagonists

Flunarizinec
��� ���� ���

Verapamil � � �

NSAIDs

Naproxen �� �� ��
Tolfenamic acid �� �� ��

Miscellaneous

Amitriptyline �� �� ���
Lisinopril �� �� ��
Candesartan �� �� �
Clonidine � � �
Dihydroergotamine �� � ��

A systematic review is available.
a Based on a combination of the published literature and personal experience; b for details see Tfelt-Hansen & Saxena 2006 
[105–107]; c for details, see Toda & Tfelt-Hansen 2006 [108].



Headache

287

prophylactic treatment of chronic tension-type head-
ache, antidepressant drugs and botulinum toxin have 
been investigated. 

Aspirin and paracetamol are the analgesics used 
most commonly in the treatment of acute tension-
type headache [76]. In the most recent RCT, 452 
patients treated episodes of tension-type  headache 
with aspirin (500 mg or 1000 mg), paracetamol 
(500 mg or 1000 mg) or placebo. Headache relief after 
2 hours was 76% after aspirin 1000 mg and 71% after 
paracetamol 1000 mg. Both were superior to placebo 
despite a high placebo response of 55%. The follow-
ing NSAID were superior to placebo in RCT on the 
treatment of acute tension-type headache: ibupro-
fen [77], ketoprofen [78, 112] naproxen [79, 80] and 
diclofenac [81]. Caffeine has long been used as an 
analgesic adjuvant [76]. In a RCT the combination of 
aspirin and caffeine was superior to paracetamol and 
placebo [77]; in another RCT, the combination of 
caffeine and ibuprofen was superior to ibuprofen and 
placebo [113]. The combination of caffeine, aspirin 
and paracetamol was more  effective than the single 
substances in one large RCT.

Antidepressants are the drugs most commonly used 
in chronic tension-type headache [82]. Amitriptyline 
was superior to placebo in most RCT [82–86] but in 
the largest RCT there was no effect of amitriptyline 
and amitriptylinoxide [87]. Mirtazapine 15–30 mg 
daily was superior to placebo in one RCT [88] 
whereas the the selective serotonin reuptake inhibi-
tor (SSRI) citalopram was not more effective than 
 placebo [86].

After positive open studies, botulinum toxin has 
been studied in chronic tension-type headache but 
the conclusion of these RCT is that botulinum toxin 
is not more effective than placebo [89].Thus in the 
most recent large RCT including 298 randomized 
patients, botulinum toxin A admistered in doses from 
50 U to 150 U was not different from placebo [90].

Clinical trials in cluster 
headache

In contrast to migraine and tension-type headache, 
there are very few RCT in cluster headache. This is 
most likely due to the fact that cluster headache is a 
rather infrequent disease (see above). There is one 
RCT demonstrating the superiority of O2 versus plain 

air [91]. In one RCT subcutaneous sumatriptan 6 mg 
was superior to placebo [92]. In another, intranasal 
sumatriptan 20 mg was superior to placebo [93] and 
intranasal zolmitriptan 5 mg and 10 mg was superior to 
placebo in one RCT [94]. Subcutaneous sumatriptan 
6 mg is the first-line drug for cluster headache attacks 
but it is very expensive.

In one prophylactic RCT, verapamil was compara-
ble to lithium [95] and in another, verapamil 360 mg 
was superior to placebo [96]. 

Research needed to improve 
the evidence-based management 
of migraine

Clinical experience shows that triptans are more effec-
tive in migraine than over-the-counter drugs such as 
aspirin [97]. In RCT, however, triptans and aspirin are 
comparable [98] and this was also the case in a recent 
systematic review including 991migraine attacks [99]. 
When headache was severe the results were similar 
[99]. It has been suggested [97] that patients treated 
with triptans in clinical practice may be relatively 
more responsive to triptans and relatively less respon-
sive to other agents than those who participate in 
clinical trials. In patients recruited from general prac-
tice, however, the pain-free response [100] was simi-
lar to other studies [38]. Thus a selection bias is most 
likely not the reason for the discrepancy in results 
in clinical practice and controlled trials. The lack of 
superiority of triptans in controlled clinical trials has 
meant that the WHO has not included triptans on the 
list of essential drugs.

Stricter success criteria [51] have been suggested 
in order to demonstrate superiority of triptans. It has 
been recommended to use the criterion of painfree sta-
tus after 2 hours [53], preferably with administration 
in the mild phase [65]. This resulted in 70% being pain 
free after rizatriptan 10 mg [65]. In addition, sustained 
pain-free status, which occurs in 60% of patients after 
rizatriptan 10 mg [65], could be used. However, in the 
systematic review of aspirin versus sumatriptan, these 
two efficacy measures were quite comparable (pain-
free status 27–29% and sustained pain-free status 
22–24%) [99]. Based on these results, stepwise care, 
starting with aspirin, has been recommended [99].

What efficacy can one achieve with a triptan? 
The highest effect was 87% pain-free status after 
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 subcutaneous naratriptan 10 mg [51, 101]. So inher-
ently the triptans as a group are most likely very 
effective drugs in migraine when the right drug 
and the optimum form of administration are used. 
Similarly, subcutaneous sumatriptan (76%) was 
superior to  intravenous acetylsalicylic acid lysinate 
(44%) for pain-free status after 2 hours [102].

Why the presumed superiority of triptans is not 
apparent in current RCT remains an enigma. In my 
opinion, one should probably try the three-way cross-
over design with a triptan, a NSAID and a placebo. In 
this design patients can be classified as responding bet-
ter to one of the active drugs or with equal response. 
Patients’ characteristics in the two groups with active 
drugs can then be analyzed as possible predictors of 
response with each drug. If such preferential predic-
tors are identified, they can then be used in clinical 
practice. In addition, on can ask for preference, a clini-
cally most relevant parameter, with this design. 
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CHAPTER 23

Chest pain syndromes

Austin Leach and Michael Chester
National Refractory Angina Centre, Royal Liverpool and Broadgreen University Hospital, Liverpool, UK

Introduction

Chest pain is a common presenting symptom. In the 
UK, two of the most prevalent causes of death are 
ischemic heart disease and lung cancer. Patients pre-
senting with chest pain often fear a potentially fatal 
diagnosis; it follows that the pain clinician’s skills may 
be tested to their limits when attempting to help a 
patient with chest symptoms.

We do not intend to discuss in detail the diagnosis 
and management of acute chest pain syndromes–these 
may represent emergency life-threatening situations 
whose management rightly focuses on interrupting 
the natural history of the underlying disease rather 
than symptom control. However, many patients and 
healthcare professionals may think and behave as if 
the patient is developing an immediately life-threat-
ening condition such as acute myocardial infarction 
when, in reality, their symptoms are a manifestation 
of a chronic pain syndrome. It is important for the 
patient, and their advisors, to have some basic rules 
that help to differentiate between fluctuations in sta-
ble angina and the development of thrombus-related 
unstable coronary syndromes (see below). 

Managing patients with severe angina can provoke 
anxiety for the clinician. It is important to note that 
overall annual all-cause mortality is very low in this 
population [1]. True unstable angina or myocardial 
infarction is uncommon in refractory angina and in 
our experience the majority of patients can distinguish 
between a fluctuation in stable angina and an infarction. 

Persistent (continuous) or episodic (paroxysmal) 
chest pain is usually a result of pathology of the chest 
wall. Brief unpredictable episodes of sharp precor-
dial stabbing pains, usually over the anatomic apex of 
the heart, are common and are rarely associated with 
underlying pathology. A general sense of chest tightness 
in the absence of any pathologic process commonly 
accompanies severe anxiety states. However, a diagnosis 
of anxiety-related chest tightness should be made with 
great caution and empathy because anxiety is also a 
common feature of chest pain of pathologic origin. 

Anatomy

The chest, more correctly referred to as the thorax, is 
an irregularly shaped cylinder with a narrow opening 
superiorly and a larger opening inferiorly. The supe-
rior thoracic opening is in continuity with the neck 
and the inferior thoracic opening is separated from 
the abdomen by the diaphragm. The musculoskeletal 
wall of the thorax is flexible and consists of segmen-
tally arranged vertebrae, ribs, muscles and the ster-
num. The thoracic cavity enclosed by the thoracic wall 
is subdivided into three major components: the left 
and right pleural cavities, each surrounding a lung; 
the mediastinum, a median, longitudinal soft tissue 
partition containing the heart, the oesophagus, the 
trachea, the major systemic blood vessels and a variety 
of major nerves [2].

The thorax has three main functions.
Breathing: contraction of the diaphragm and 
changes in the lateral and anterior dimensions of 
the thoracic wall caused by movement of the ribs 
alter the volume of the thoracic cavity – these are 
key elements in breathing.

•

Evidence-Based Chronic Pain Management. Edited by 
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Protection of vital organs.
The mediastinum acts as a conduit for structures 
connecting thoracic organs to other body regions, 
and for structures passing completely through the 
thorax from one body region to another.

Angina pectoris

The term “angina pectoris” first appeared in print in 
1768, in a paper from William Heberden’s Medical 
Transactions published by the Royal College of 
Physicians. The term comes from the Greek word 
ankhon (“strangling”) and the Latin pectus (“chest”). 
Commonly omitted from Heberden’s original descrip-
tion of the symptoms is the accompanying sensation 
of angor animi (from the Latin for “mental anguish of 
the animating spirit”)  which describes the perception 
of imminent death.

Prevalence
Chronic stable angina is an increasingly common con-
dition affecting approximately 1.3 million UK citizens 
[3]. Its prevalence closely correlates with the incidence 
of coronary artery disease (CAD) which is the most 
common underlying pathologic cause for angina. 
Although neither condition is “curable,” survival with 
CAD has consistently improved over the past two 
decades and consequently the prevalence of angina 
is increasing. Many angina sufferers are successfully 
managed using a combination of standard medical 
treatment plus angioplasty and stent (percutaneous 
coronary intervention (PCI)) or bypass. 

The diagnosis of “chronic refractory angina” applies 
to a subset of stable angina patients for whom PCI or 
bypass is not suitable. This diagnosis is generally made 
by interventional cardiologists and surgeons. The 
prevalence of this painful, disabling and costly prob-
lem is hard to quantify because there is a wide range of 
opinion on the question of when revascularization is 
not suitable. Many interventionally minded cardiolo-
gists consider that revascularization is suitable if it is 
feasible, whereas there is an emerging body of opin-
ion within cardiology that palliative revascularization 
should be a last resort and only after the patient has 
considered the range of alternatives. This latter view is 
consistent with patient-centered care and necessarily 
requires the full participation of the informed patient. 

•
•

In our experience, well-informed patients tend to defer 
invasive procedures until they have tried low-risk, 
noninvasive options. 

This modern approach to angina management has 
profound implications for the incidence and preva-
lence of chronic refractory angina. Using the European 
Society of Cardiology’s disease-centered definition of 
refractory angina, we conservatively estimate there 
are at least 50,000� sufferers in the NHS [4]. The 
prevalence of refractory angina would be considerably 
greater if the North American standard of consent 
were applied since it is reasonable to assume that a 
prudent patient would wish to know about all available 
evidence-based alternatives (currently only available to
refractory angina patients) before consenting to a 
potentially lethal palliative revascularization proce-
dure. The proportion of patients who would try rela-
tively noninvasive therapies in preference to invasive 
therapies can be judged by the very high proportion 
of patients who “choose” the less effective multivessel 
PCI option over coronary artery bypass graft (CABG).

Incidence
The estimates of incidence of angina vary in different 
studies. The Scottish Continuous Morbidity Study 
estimates that 52,000 men and 43,000 women develop 
angina across the UK each year [5].

Risk factors
The risk factors for angina are the same as those for 
CAD and can be divided into reversible and irrevers-
ible. The main irreversible risk factors are aging, male 
gender and a positive family history. There are many 
reversible risk factors: smoking; raised cholesterol; 
inadequate physical activity; poor diabetic control; 
obesity; hypertension; a diet lacking adequate fresh 
fruit and vegetables, oily fish; inappropriate intake of 
alcohol. 

Pathophysiology of angina
The fact that angina is a symptom rather than a dis-
ease in its own right is commonly overlooked. With 
the rapid rise in the incidence of atheromatous CAD 
in the latter part of the 20th century, there has been 
an increasing tendency for many clinicians to mistak-
enly consider angina to be synonymous with coronary 
disease. In fact, 100 years ago a patient presenting with 
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typical symptoms of angina would be far likelier to be 
suffering from aortic valve stenosis or coronary ostial 
stenosis (with normal coronary arteries) secondary to 
syphilitic aortitis.

Angina pectoris is a visceral pain. As for other pains 
of visceral origin, the mechanisms that generate the 
sensation of angina are poorly understood. In the 
17th century, at the dawn of modern medical theory, 
William Harvey, best known for his description of the 
circulation, was also considering the nature of sensa-
tion and feeling. He was one of the first scientists to 
consider the blood as a body part, and speculated 
that the blood itself was capable of feeling: “even if it 
were devoid of sensation this would not disqualify the 
blood from forming a part and even a very principal 
part of a body endowed with sensibility. For neither 
does the brain nor the spinal marrow nor the crystal-
line or the vitreous humour of the eye, feel anything, 
though by common consent these are parts of the 
body. Nay even the heart itself, the most distinguished 
part of the body, appears to be insensible.” Here 
Harvey reports the case of the young son of Viscount 
Montgomery whose heart had been laid bare in conse-
quence of a severe fall in early childhood and tolerated 
palpation and other forms of stimulation of his heart 
without discomfort.

There is little evidence for the existence of visceral 
nociceptors, and the current understanding is that 
signaling in the “visceral pain pathway” is initiated by 
sympathetic afferent activity. It is likely that activa-
tion of these afferent autonomic nerves results from 
ischemia in the myocardium and/or the coronary 
arterial endothelium. Whether the source of sympa-
thetic activation is ischemia or the cellular response 
to ischemia is uncertain. Furthermore, the gross anat-
omy of the cardiac autonomic nerve plexuses shows 
that there is potential for a considerable volume of 
neurologic “cross-talk” between other visceral inputs 
to the thoracic sympathetic chain (such as esophagus, 
stomach and lungs) prior to forming connections 
within the spinal cord.

Autonomic afferent fibers enter the spinal cord 
and synapse in laminae 1 and 2. Once again, there is 
the potential for cross-talk, not only among visceral 
afferent fibers but also between visceral and somatic 
afferent fibers. In 1909 Mackenzie postulated that 
“interconnections” forming between visceral and 
somatic fibers could explain the phenomenon of 

referred pain. This hypothesis remains plausible today. 
We go further and propose that angina is only possi-
ble after such abnormal neurologic pathways develop. 
Painless or “silent” ischemia is common. Patients who 
have not experienced prior angina commonly suffer a 
painless myocardial infarction but subsequently go on 
to develop exertional angina days, weeks or months 
later. On detailed questioning, patients often describe 
an event when they experienced other typical features 
of a myocardial infarct such as acute dyspnea, nausea 
and profuse sweating. This observation is consist-
ent with the hypothesis that the sensation of angina 
requires the development of previously nonexistent 
or quiescent neurologic connections. However, the 
neurophysiologic processes that cause new spinal 
connections to activate between visceral and somatic 
fibers (i.e. converting “silent” ischemia into “noisy” 
(painful) ischemia) remain obscure. While elegant 
animal studies suggest a role for the vagus in afferent 
cardiac signaling, clinical evidence in humans sug-
gests a far more prominent role for sympathetic tracts 
[5]. Temporary cardiac sympathectomy has been 
shown to produce freedom from angina for periods 
greatly exceeding duration of action of local anes-
thetic agents. A case of temporary vagus nerve block 
carried out at the National Refractory Angina Centre, 
which produced the anticipated tachycardia, did not 
result in relief from angina [6].

Positron emission tomography studies in patients 
with angina pectoris show activation of many brain 
areas that are also active when somatic pain fibers 
are stimulated: the hypothalamus, the periaqueduc-
tal gray matter, thalamus and prefrontal cortex. Silent 
myocardial ischemia seems to be associated with a 
failure of transmission of signals from the thalamus 
to the frontal cortex [7]. Once cortical stimulation 
has occurred there will be a conscious perception of 
pain. The pain will seem to originate in the part of 
the body represented by the area of sensory cortex 
that has been activated, and the emotional response 
generated will depend upon the significance of the 
sensation attached by the limbic system. It is likely, 
though unproven, that the sensation of angor animi 
arises from activity in the amygdalo-hippocampal 
apparatus. In part, this seems responsible for the 
(physiologically entirely inappropriate) increase in 
catecholamine activity that invariably accompanies 
an episode of anginal pain.
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Because of the common assumption that the pres-
ence of angina means the existence of coronary 
atheroma, it is but a short step to assume that severe 
angina equals severe (i.e. dangerous, life-threatening) 
coronary disease. The fact that angina is a visceral 
pain is commonly forgotten by patients and health-
care professionals alike, who apply overly simplistic 
“rules” regarding somatic pain, i.e. a more or less pro-
portional relationship between injury, signal intensity 
and perception. 

Angiographic studies demonstrate that there is 
no correlation between the severity, or otherwise, 
of the pathologic process and the intensity of the 
sensation of angina that is generated. It is estimated 
that up to one-third of myocardial infarctions are 
painless. There is no evidence for the existence of 
cardiac nociceptors, and it is illogical to presume 
that the heart alone among the viscera should 
develop them. The “rules” that appear to govern 
nociception (i.e. that there is a relationship between 
stimulus intensity and perception) do not apply in 
angina.

Normal coronary arteries are end arteries. In the 
normal condition, myocytes subtended by a coro-
nary artery are entirely dependent on that artery and 
cannot “borrow” from a neighboring artery. In the 
abnormal condition of ischemia, myocytes release 
vascular growth factors (neovascularization) and 
change cellular activity to minimize the effect of 
ischemia (ischemic preconditioning) [8]. New ves-
sel growth and the development of collateral blood 
supply in ischemic muscle, be it skeletal or myocar-
dial, have long been recognized. In cases of ischemic 
heart disease, coronary angiography may show total 
proximal occlusion of a main coronary whilst radio-
nuclide studies show normal myocardial perfusion 
and no evidence of myocardial damage. This can only 
be possible with full collateralization of the coronary 
circulation that has been achieved prior to occlusion 
of the native artery. The processes of full collaterali-
zation and ischemic preconditioning take time which 
may explain why young, apparently fit men drop 
dead from the first infarct while elderly patients with 
a long history of angina tend to have small surviveable 
infarcts. 

Cardiac syndrome X
Cardiac syndrome X affects around 2% of post-
menopausal women and is rarely seen in younger 
women and men. The diagnosis of cardiac syndrome 
X requires a triad of typical angina, objective evidence 
of ischemia, e.g. positive treadmill test, nuclear scan or 
stress echo and angiographically “normal” coronary 
arteries. Ironically, because the orthodox simplistic 
cardiac view of angina arising from obstructing coro-
nary disease was not applicable, angina arising in the 
absence of coronary atheroma has attracted dispropor-
tionate academic attention. Unfortunately, the general 
understanding of the condition remains poor and there 
is no consensus on a clear and effective therapeutic 
strategy. Consequently sufferers usually feel neglected 
or even dismissed by their healthcare advisors. 

Syndrome X patients typically describe painful, 
disabling angina that is often triggered by physical or 
emotional stress. The level of effort required to trig-
ger an episode of pain is often highly variable with 
clusters of “good” and “bad” periods. Most syndrome 
X sufferers who experience significant angina have, 
at one time or another, been left with the impression 
that their doctors do not believe them. This creates an 
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additional emotional burden that is easily recognized 
by healthcare professionals who understand pain.

The genesis of ischemia in syndrome X remains 
obscure. Clinicians may describe microvascular angina, 
often telling patients that “the small arteries are dis-
eased.” While there is evidence of some abnormalities 
in the endothelium of a large proportion of syndrome 
X patients, this benign problem may be misunderstood 
by patients who frequently imagine a continuous block-
ing up of blood vessels that are too small to operate on. 
A second problem in syndrome X relates to the way 
ischemic signals are handled, with an apparent failure 
to control transmission at the thalamus where gating of 
ascending pain signals usually takes place [8]. Confusion 
and a lack of empathy from healthcare professionals 
experienced by syndrome X sufferers often exaggerate 
maladaptive responses at a higher cortical level.

Syndrome X-like angina
It is important to appreciate that the diagnostic cri-
teria for true syndrome X were invoked to assist in 
research and there is a large subset of angina sufferers 
who just fail to fulfil the diagnostic criteria for true 
syndrome X. Thus patients with mild coronary dis-
ease, ischemia and typical angina are often excluded. 
Similarly, we see many patients with classic symptoms 
and angiographically normal arteries but in whom 
ischemia has not been demonstrated. These patients 
feel, and often are, neglected. They often respond well 
to a sympathetic hearing and a working diagnosis of 
syndrome X- like angina. 

As with all forms of pain of presumed cardiac ori-
gin, education and demystification form the core of 
good management.

Prinzmetal angina – vasospastic angina
This rare angina variant is characterized by angina 
with ECG changes that mimic acute myocardial 
infarction. As its name suggests, the cause is coro-
nary spasm and is usually self-limiting, though case 
examples of spasm proceeding to myocardial infarc-
tion have been described. Vasospasm is often calcium 
channel dependent and patients usually respond to a 
combination of education, demystification, relaxation 
training and high-dose calcium channel blockade. 
Some colleagues have reported using temporary sym-
pathectomy despite the theoretical risks of inducing 
spasm with this technique. 

Case scenario

A 53-year-old plumber has recently experienced a 
return of his symptoms of a sensation of pressure in 
the central region of his chest. Over the past 4 months 
it has increased in frequency and now he has daily 
episodes of pain. As the sensation begins, it is rela-
tively mild but builds progressively over 2–3 minutes 
until it reaches a plateau. It can remain for between 5 
and 20 minutes. It varies in severity and when severe, 
it is accompanied by an ache in his mandible, pallor, 
sweating and shortness of breath. It is sometimes 
provoked by effort, sometimes by emotion, and occa-
sionally develops without any obvious associated 
activity. When the pain appears without provocation it 
is accompanied by anxiety that borders on panic. 

The sensation is identical to the symptoms he 
originally experienced 6.5 years earlier when he had 
mistakenly supposed that he had indigestion. The 
“indigestion” had persisted for 2 weeks until one night 
when it had become intolerable and his wife, con-
cerned about his pallor and general appearance, had 
called for an ambulance. On arrival at the Accident and 
Emergency department, an acute myocardial infarc-
tion had been diagnosed, and after thrombolysis and 
a period of observation, first on the Coronary Care 
Unit and subsequently on a general ward, he had 
been allowed home. He was advised to stop smok-
ing, which he did.

Subsequently, a treadmill test following the modi-
fied Bruce protocol showed signs of easily inducible 
myocardial ischemia in the anterior and lateral chest 
leads, and an echocardiogram demonstrated a dys-
kinetic apical segment. Coronary angiography and 
ventriculography showed mildly impaired left ven-
tricular function with an ejection fraction of 50% and 
a number of significant (i.e. >70% luminal occlusion) 
coronary narrowings affecting the left main stem and 
left anterior descending artery proximal to the first 
diagonal branch. The right coronary system had minor 
atheromatous disease. He was referred for urgent cor-
onary artery bypass graft surgery which was carried 
out a few weeks later. He made an excellent recovery 
from his surgery and was delighted to find that his 
symptoms of angina had completely disappeared. 
Four months after his surgery he was able to return 
to work.

Six years on, he is distressed by the return of his 
symptoms. He had been told that the bypass opera-
tion “would last 10 years” and he fears that he will be 
forced into early retirement, which has implications 
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following acute coronary occlusion is the prior-
ity following the diagnosis of angina. Such assess-
ment, after taking a detailed history and conducting 
a full clinical examination, generally includes some 
form of exercise testing with ECG and/or echocar-
diographic analysis and if there is evidence of sig-
nificant reversible myocardial ischemia, assessment 
of the coronary anatomy, generally by performing 
angiography. 

The European Society of Cardiology summarizes 
the aims of treatment as:

to improve prognosis by preventing myocardial inf-
arction and death
to minimize or abolish symptoms and/or their 
effects.

Prognostic interventions
There is overwhelming consensus based on large 
studies that prognostic improvement may be brought 
about by appropriate lifestyle behaviors such as: opti-
mizing weight; adoption of a “Mediterranean” diet 
comprising at least five portions of fresh fruit and 
vegetables daily and 2–3 portions of oily fish weekly; 
smoking cessation; programmed exercise (30 minutes 
of moderate to strenuous exercise five times a week); 
blood pressure control [10]. In addition, statins and 
antiplatelet drugs have been shown to improve prog-
nosis in patients with coronary artery disease and are 
recommended as standard in all CAD patients [11]. 
In patients with impaired ventricular function or 
diabetics with well-preserved ventricular function, 
angiotensin-converting enzyme inhibitors (ACEI) are 
also strongly recommended [11, 12]. Current guide-
lines recommend the use of ß-blocking agents for the 
first year following myocardial infarction (MI) and in 
patients with heart failure. 

It is important to recognise thrombotic plaque 
events because emergency treatment to restore 
coronary flow during a thrombotic occlusion event 
will reduce the size of MI and death. Early refer-
ral is important and there are well-established care 
pathways for suspected MI that are triggered by a 
999 call. Increasingly angioplasty is replacing intra-
venous thrombolytic therapy as the treatment of 
choice for acute myocardial infarction but there is 
a limited window of opportunity and reopening an 
occluded vessel more than 48 hours later increases 
adverse outcomes [12]. The characteristic clinical 

•

•

regarding his pension arrangements and his ability to 
help subsidize his daughter’s university course fees. 
A number of tests are carried out. He has taken aspi-
rin and a statin daily since his original presentation, 
and he makes sure that he eats the recommended 
daily five helpings of fruit and vegetables, and some 
mackerel or salmon once or twice a week. His serum 
cholesterol is 4.3 mmol/l and echocardiography 
shows his left ventricular function is normal, with an 
ejection fraction of 60%. After coronary angiography 
(which shows that two of the three bypass grafts are 
still functioning well), he is told that another bypass 
operation is not feasible and that the only treatment 
to be offered is drug therapy.

He feels that the cardiac specialist has told him, in 
code, that there is “nothing more that can be done for 
him” (besides giving him more pills), which he finds 
a depressing outlook. Each episode of chest pain he 
experiences reminds him that he is “living on bor-
rowed time” and he believes that the pain represents 
ongoing damage to his heart muscle. He recalls that 
when he was an inpatient 6 years previously a nurse 
had told him that each episode of anginal pain was 
“a bit like a mini heart attack.” His feelings of hope-
lessness are increased when his cardiologist sug-
gests a visit to the pain clinic for advice regarding 
control of his symptoms.

Management of angina pectoris
The presentation of angina is often dramatic and 
occasionally life threatening. Unheralded myocar-
dial infarction due to coronary occlusion follow-
ing atheromatous plaque rupture may be the first 
symptomatic manifestation of coronary disease, 
but more commonly the initial presentation is with 
increasing effort-related angina. Few patients cor-
rectly self-diagnose angina and their first medical 
diagnosis is often incorrect. In our 12-year experi-
ence of conducting detailed interviews with over 
1500 chronic refractory angina patients, only three 
correctly self-diagnosed the origin of their “anginal” 
symptoms as cardiac. In many cases medical profes-
sionals also misdiagnose chest pain [9]. The initial 
diagnosis is based on the history and depends heav-
ily on the location of symptoms. The assessment of 
risk of sudden death from myocardial infarction 
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presentation of MI (suddenly worsening angina 
coupled with nausea, sweating, breathlessness and 
angor animi) is often difficult to distinguish from 
severe prolonged angina episodes. Current guide-
lines recommend that a prolonged episode of 
angina that does not show signs of subsiding after 
15–20 minutes should be treated as a myocardial 
infarction. 

In patients with atheromatous coronary dis-
ease, only CABG surgery has strong support-
ing evidence for prognostic improvement. Three 
large multicenter randomized trials, the Veterans 
Administration Cooperative Study (VA Study) [12],  
the European Coro nary Surgery Study (ECSS) [14], 

and the Coronary Artery Surgery Study (CASS) [15], 
have compared the strategy of initial bypass surgery 
with that of initial medical management in regard 
to long-term survival and symptoms for patients 
with mild or moderate symptoms. A meta-analy-
sis of these three major randomized trials as well as 
other smaller trials has confirmed the survival ben-
efit achieved by surgery at 10 postoperative years for 
patients with three-, two- or even one-vessel disease 
that included a stenosis of the proximal left anterior 
descending (LAD) coronary artery [16]. The sur-
vival rate of these patients was improved by surgery 
whether they had normal or abnormal left ventricle 
(LV) function. For patients without a proximal LAD 
stenosis, bypass surgery improved the mortality rate 
only for those with three-vessel disease or left main 
stenosis.

Many patients presenting with refractory angina 
have previously undergone bypass surgery and 
no randomized studies have been undertaken to 
determine whether repeat bypass surgery improves 
prognosis. 

There is no evidence that prognosis is improved by 
angioplasty in chronic stable angina. 

Symptomatic interventions
Since the latter half of the 20th century the sympto-
matic management of angina pectoris has concen-
trated on drug therapies and revascularization. Only 
a small number of drugs have been shown to improve 
prognosis in coronary disease (see above). Several 
classes of drugs are effective in relieving angina with-
out altering prognosis; the use of these drugs is often 
limited by unpleasant side effects.

Following the development of cardiopulmonary 
bypass techniques, CABG using autologous ves-
sels became a useful and effective method of reliev-
ing symptoms. As described above, CABG improves 
 prognosis in selected patients.. However, it is an 
expensive and time-consuming procedure which 
carries a notable perioperative morbidity and mor-
tality. The introduction of coronary angioplasty and 
the development of stent placement techniques have 
failed to live up to initial expectations of improved 
prognosis and fewer symptoms. The proven reduc-
tion in angina associated with angioplasty is short-
lived and there is no benefit in terms of reduced 
cardiovascular risk or need for further revasculari-
zation [17,18]. Two large randomized controlled 
trials (RITA-2 and COURAGE) compared initial 
angioplasty strategies with conservative manage-
ment. RITA-2 showed that patients randomized to 
angioplasty experienced less angina at 3 months fol-
lowing randomization but were no better off at 3 
years [18]. However, this temporary improvement 
was paid for by a substantially increased risk (78%) 
of experiencing a major adverse cardiac event. The 
recent COURAGE trial compared PCI plus inten-
sive pharmacologic therapy and lifestyle interven-
tion (optimal medical therapy) with optimal medical 
therapy alone in 2287 patients [19]. Like RITA-2, 
the patients randomized to PCI benefited initially 
but these benefits were not sustained. COURAGE 
is important because it demonstrates that PCI is no 
better than optimal medical therapy (OMT) in pre-
venting major adverse cardiac events and that it is 
safe for stable angina patients who do not require 
prognostic bypass surgery to defer a decision to 
undergo PCI until a trial of OMT. In a recent cost-
effectiveness analysis, the cost per quality-adjusted 
life-year (QALY) for angioplasty was £47,000, 
greatly exceeding the widely used “justification for 
treatment” threshold of £30,000 per QALY [19]. 
Importantly, it is now commonly accepted that, for 
stable angina patients, a decision for angioplasty can 
be safely deferred until conservative management has 
been tried. 

This has led to a reappraisal of the management 
of chronic stable angina where no prognostic gain 
can be made by revascularization. By considering 
angina as a pain management problem rather than an 
ischemia problem, and by applying evidence-based pain 
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management interventions, significant improvements 
in quality of life can be made. The American College 
of Cardiology (ACC) makes reference to this fact in 
its Guidelines for the Management of Stable Angina:

Because the presentation of ischemic heart disease 
is often dramatic and because of impressive recent 
technological advances, healthcare providers tend 
to focus on diagnostic and therapeutic inter-
ventions, often overlooking critically important 
aspects of high quality care. Chief among these 
neglected areas is the education of patients [20].

A recent Health Care Commission audit confirmed that 
many cardiac patients leave hospital without receiving 
basic education [21]. Hard data on the effectiveness of 
education are hard to obtain because it is part of rou-
tine medical care, recommended by all clinical guide-
lines and GMC professional standards guidelines. 

Patient-centered management of angina
Modern healthcare systems encourage health profes-
sionals to practice “patient-centered medicine.” Much 
confusion exists about what this much-used (and 
much-abused) phrase actually means. We understand 
it to mean that patients should be enabled to define 
the objectives of treatment, and the doctor and other 
healthcare professionals should form a “therapeu-
tic alliance” with patients to help them achieve those 
objectives. This should necessarily include education 
about the condition and the various treatment options 
so that patients can be active participants in their 
long-term management. This approach to therapy will 
be familiar to most practitioners in pain medicine.

If the annual expenditure on coronary disease is 
considered, surprisingly little evidence exists in sup-
port of the many and varied recommended treat-
ments for control of anginal symptoms. 

Most patients agree that the fundamental objectives 
of treatment of angina pectoris are to survive as long 
as possible, with as high a quality of life as possible. 
When questioned, the majority stated a preference for 
a shorter, happier life rather than a longer, more mis-
erable one. This approach is highly relevant to patients 
who, for example, develop intolerable muscular fatigue 
and pain caused by statins. The majority of patients 
taking statins are not significantly affected, although 
there is a multivariate odds ratio of 1.5 for any muscular 

pain for those taking statins when compared to those 
who do not [22]. Although complex lipid-lowering 
strategies may be suggested [23], some patients may, 
after appropriate deliberation, choose to accept a small 
increase in risk by stopping statin therapy (which may 
be offset by other lifestyle changes) for a reduction in 
unpleasant statin-related side effects. 

Harmful misconceptions are common amongst 
angina suffers and their family and friends [2,23]. The 
majority of patients and carers believe that each epi-
sode of pain represents ongoing myocardial damage. 
In the face of such a widespread and damaging misun-
derstanding about angina, it is unsurprising that many 
angina patients and their carers seek to protect them-
selves by avoiding circumstances that might provoke 
angina. Mistaken beliefs are often reinforced by concen-
trating therapy exclusively on the “biologic” component, 
i.e. the coronary narrowing. Identifying and correcting 
the patient’s misunderstandings is a vital first step.

In that telling quotation from the ACC’s guidelines 
(see above), it is clear that in modern cardiologic 
practice, much valuable advice regarding lifestyle, 
weight loss, smoking cessation and fitness improve-
ment is overlooked in favor of a “disease-centered” 
approach to revascularization. In fact, many palliative 
revascularization procedures may be avoided once the 
patient understands the absence of prognostic gain. 
With an emphasis on optimizing quality of life and 
using the available evidence, a simple and pragmatic 
algorithm can be constructed (Fig. 23.2).

Patient education
The rewards achievable with patient education should 
not be underestimated. Changing harmful miscon-
ceptions improves quality of life [24] and it has been 
known for some time that cognitive rehabilitation 
programs improve symptoms and produce worth-
while reductions in palliative coronary revasculariza-
tion. In the 1990s Lewin et al. found that the majority 
of patients listed for bypass surgery improved so much 
that they changed their minds after attending a cogni-
tive behavioral rehabilitation program [24]. Similarly, 
Ornish showed that 70% of patients successfully 
avoided palliative revascularization by enrolling in a 
comprehensive rehabilitation program. This compared 
favorably with a control group of patients who had 
recently undergone “successful” revascularization in 
whom only 75% avoided further revascularization [25].
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In our center a brief cognitive intervention delivered 
to 69 consecutive refractory angina patients resulted 
in a clinically and statistically significant improve-
ment in symptoms, anxiety and depression and qual-
ity of life [26]. In a larger consecutive series of 271 
patients enrolled over a 5-year period we compared 
admissions and myocardial infarct rates before and 
after enrolment. A rising admission rate of 15.5 days 
per patient per year fell to 10 days per patient per year 
within a month of enrolment (P � 0.001). Thirty two 
MIs were recorded in the year prior to enrolment 
compared to eight after (P � 0.001) [27]. 

The key to brief cognitive intervention is mutual 
respect and a shared understanding of the patients’ 
experiences and objectives [28]. It must not be so 
brief as to compound patients’ and carers’ confusion 
by adding new information to pre-existing miscon-
ceptions. It is crucial to identify core beliefs by asking 
straightforward open-ended questions, taking time 
to gently explore the patients’ and carers’ beliefs, and 
the provenance of those beliefs. Challenging beliefs 
and offering evidence-based alternatives or opinion 
should be underpinned by an understanding of the 
patient’s beliefs. Not only does this time-consuming 
approach represent a worthwhile and effective inter-
vention in terms of quality of life improvement for 

angina sufferers, it also offers potentially enormous 
cost savings in terms of reduction in unscheduled 
admissions, avoidable palliative revascularization, with 
concomitant reduction in periprocedural complica-
tions such as stroke, myocardial infarction and death. 

Current all-comer mortality for first-time bypass 
surgery is 1.7% [29]. Major adverse event rate fol-
lowing planned PCI is difficult to determine with 
precision because myocardial infarctions that are 
not associated with the development of a Q wave 
on the ECG are not routinely recorded. Excluding 
these important events reduces the PCI complica-
tion rates to around 0.5% [30]. In the North West 
of England, the Cheshire and Merseyside and North 
Wales Cardiac Network introduced Stable Angina 
Guidelines in October 2007 that emphasize the 
importance of incorporating cognitive intervention 
into routine rehabilitation before medication and 
palliative revascularization [31].

Lifestyle advice
Relaxation training. Catecholamine release invar iably 
accompanies angina and contributes to worsening 
of the symptoms (pain, breathlessness, nausea and 
sweating). Calming techniques that enable patients 
to reduce endogenous adrenaline release and increase 

Figure 23.2 National Refractory Angina Centre (NRAC) treatment algorithm. 

Palliative management of angina:
 • Educate patients about their condition, including lifestyle advice (diet, smoking, exercise, etc.)
 • Optimize medication (NB: ‘optimal’ medication is rarely ‘maximal’ medication)
 • Transcutaneous nerve stimulation
 • Temporary sympathetic nerve block
 • Opioid analgesics
 • External enhanced counter-pulsation (EECP)
 • Consider review of coronary anatomy and angioplasty � stent

Initial
presentation
with cardiac-
sounding pain
– make
differential
diagnosis

Assess risk of acute
myocardial infarction:
 • ECG
 • Treadmill test
 • Echocardiogram
 • Coronary
  angiography

Prognostic disease
(see above):
Refer for CABG

Nonprognostic
disease:
Palliative treatment
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endogenous endorphin can effectively abort episodes 
of angina and/or prevent them becoming severe. 
Research shows that cardiac events (mostly revascular-
ization) were significantly less likely in patients trained 
in relaxation techniques. Learning a technique of stress 
management was associated with a relative risk of 0.26 
of a cardiac event compared with control patients 
receiving usual care [32].

Trust and understanding are required before some 
patients will accept advice on calming techniques, 
especially if they have formed the suspicion that 
doctors think their symptoms are “all in the head.” 
Fortunately, most patients will have worked out for 
themselves that “getting worked up” worsens episodes 
of angina and many will have already adopted basic 
relaxation techniques through trial and error. 

Exercise. Many patients and their carers mistakenly 
believe that undertaking exercise is more dangerous 
than remaining sedentary and it is important to rec-
ognize and challenge irrational fears about exercise. 
Patients and carers will often relate stories of being told 
to “take things easy” or “avoid overdoing it” following 
a heart attack and will talk of otherwise fit acquaint-
ances who “dropped dead while jogging” as confir-
mation of their view that exercise is best avoided. The 
overwhelming expert consensus view is that regular 
exercise reduces cardiovascular risk and enhances well-
being. The standard advice of 30 minutes of moderate 
to strenuous exercise five times a week should be given, 
with additional advice on a slow progressive symptom-
avoiding program using pacing and goal-setting tech-
niques [11]. Patients who understand their condition 
and the wide-ranging beneficial effects of exercise on 
pain, weight, blood pressure, well-being and cardiovas-
cular risk are more likely to adhere to advice.

Diet. A healthy diet is important. Most patients 
think that a regimen that avoids saturated fat is 
adequate. The current recommendations focus on 
the importance of a cardioprotective diet of at least 
five portions of fresh fruit and vegetables a day and 
two portions of oily fish a week. Compared with 
teetotallers and moderate to heavy drinkers, a daily 
consumption of modest amounts of alcohol (1–2 
units for women and 2–3 units for men) is associ-
ated with the lowest cardiovascular risk. Of these, 
the most controversial is alcohol. There is a clear 

dose-dependent relationship between alcohol intake 
and blood pressure [33]. On a population basis, the 
relationship between alcohol intake and coronary 
mortality is a U or J shape. A recent long-term study 
of 45–64 year olds showed that the 6% who took up 
moderate alcohol were 38% less likely to develop 
CAD compared to their persistently nondrink-
ing counterparts [34]. The consistent association 
between moderate alcohol intake (2 units a day for 
women and 3 units a day for men) and cardiovascu-
lar risk reduction is attributed to beneficial effects on 
HDL-cholesterol, fibrinogen and glucose intolerance 
[35]. Despite these positive attributes, the European 
Society of Cardiology guidelines on cardiovascular 
disease (CVD) prevention do not recommend mod-
erate alcohol intake to prevent the development of 
CVD. The reason for this appears to relate to con-
cerns about abuse and toxicity. 

Smoking. All the evidence points to a direct causal 
relationship between inhaled cigarette smoke and 
an increased risk of major cardiovascular events. 
Unlike some lung diseases and cancers, cardiovas-
cular risk is not linearly related to dose and a single 
cigarette significantly increases risk of MI. Patients 
and carers should be urged to consider complete 
cessation. Passive smoking should be discouraged.

Optimizing medication
Many patients have fundamental misunderstand-
ings about their antianginal medication. In many 
cases they mistakenly believe that symptomatic treat-
ments carry an additional prognostic benefit. The 
only groups of drugs for which there is clear evidence 
that myocardial infarction and cardiac death rates are 
reduced are antiplatelet drugs (aspirin or clopidogrel) 
and statins [5]. β-Blockers and ACEI improve prog-
nosis if there is measurable left ventricular dysfunc-
tion. β-Blockers are indicated for a year following an 
uncomplicated MI but there is no evidence of risk 
reduction beyond a year after infarction. Thus for the 
majority of stable angina patients with normal ven-
tricular function, most prescribed drugs (i.e. calcium 
channel blockers; nitrates; potassium channel block-
ers; the new Iφ channel blocker ivabradine) and opio-
ids are for symptom palliation only. 

It is important that the prescription of pallia-
tive therapy should be subjected to a “cost–benefit” 
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analysis with respect to symptomatic improvement 
measured against unpleasant side effects. Because 
most antianginal drugs operate through their 
vasodilating properties, there is potential for drug 
interaction causing unpleasant side effects such as 
postural hypotension, dependant edema and persist-
ent headache. The patient should be encouraged and 
helped to determine for himself whether his quality 
of life has been enhanced or reduced by a particu-
lar drug. With care, and a logical approach to thera-
peutic trial, drug intake can be limited to only those 
medications which control symptoms effectively 
with an acceptable side-effect profile. Maximal med-
ication is often confused with optimal medication. It 
may take some months for patients to optimize their 
medication successfully.

Transcutaneous electrical nerve stimulation (TENS)
In the 1960s Wall & Melzack proposed the gate con-
trol theory of pain transmission based on their obser-
vations of neural activity in the dorsal horn of the 
spinal cord [34]. Since then TENS has become a pop-
ular, safe and effective method of controlling various 
types of pain.  Its benefits in treating angina pain are 
well established, although its use is not widespread in 
the UK. This may be due to a widely held, although 
totally fallacious belief that TENS is potentially haz-
ardous to angina sufferers because of potential inter-
ference in the heart’s conduction pathways.

There is evidence that TENS improves quality 
of life in patients with angina, and that it has been 
shown to increase coronary flow.Three groups of 
patients with heart conditions (34 with syndrome 
X, 15 with CAD, 16 following heart transplant) had 
coronary blood flow velocity (CBFV) estimated fol-
lowing TENS. The first two groups showed signifi-
cant increases in CBFV, but the third group did not, 
leading the researchers to conclude that TENS-related 
changes in CBFV were mediated by neural mecha-
nisms [35]. This adds to the earlier observation (in 
two groups of 13 and 23 patients) that TENS ther-
apy applied in three 1-hour daily sessions increases 
work capacity, reduces ST segment depression during 
exercise, reduces frequency of angina episodes and 
reduces nitrate consumption [36].

Transcutaneous electrical nerve stimulation is less 
successful in abolishing or reducing pain when the 
primary area of pain referral extends beyond the chest 

wall. Episodes of angina that begin in the chest and 
extend to other areas may be controlled or abolished 
by TENS with appropriately positioned skin electrodes. 
A case report describes how TENS may compromise 
respiratory function in debilitated patients and leads 
should not be applied to the throat [37]. TENS for 
angina is most successful when the area of pain referral 
can be encapsulated by four skin electrodes (personal 
communication, D Trenbath). Frequency and ampli-
tude need to be adjusted to individual preference.

Temporary sympathetic nerve block
In 1920 Jonnesco published a case report describing 
the beneficial effect on intractable angina of surgical 
extirpation of the left stellate ganglion. This treat-
ment was used to treat patients with severe angina 
and heart failure. Because of high surgical morbidity 
the procedure was subsequently modified to alcohol 
ablation, a treatment which remained in use until the 
1960s. The reason for the abandonment of this low-
risk and effective symptomatic treatment is obscure.

The growing recognition of neural plasticity in 
the peripheral and central nervous system has led to 
techniques causing a permanent neurologic lesion 
becoming less popular among pain clinicians, espe-
cially in the knowledge that an anesthesia dolorosa 
pattern may develop with time. The well-recognized 
phenomenon of local anesthetic nerve block pro-
ducing pain relief of a duration far exceeding the 
longevity of the drug has led to a re-examination of 
temporary stellate ganglion block and upper thoracic 
paravertebral block in the management of chronic 
stable angina. Temporary cardiac sympathectomy 
may result in many weeks of freedom from pain with 
low risk of serious complications without requiring 
fluoroscopy. Following an initial case report con-
firming prolonged relief from angina following stel-
late ganglion block, a 2-year unblinded prospective 
audit examined the effects of a total of 227 stellate 
ganglion blocks performed on 46 patients with coro-
nary artery disease and refractory angina. Mean dura-
tion of freedom from pain was 3.5 weeks (although 
one patient reported more than 40 pain-free weeks), 
with a low complication rate (2%). Only one patient 
required overnight hospitalization following a com-
plication, and no permanent harm was suffered [38, 
39]. Although a long-term commitment between pain 
clinician and patient is required for repeated nerve 
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blocks to be a valid method of symptom control, 
some patients find it an acceptable strategy.

Opioid drugs
Most health professionals are accustomed to treat-
ing chest pain in patients admitted as an emergency 
with strong opioid analgesics. There is a growing 
acceptance that it is appropriate to treat patients with 
severe chronic nonmalignant pain with oral modi-
fied-release preparations of opioid drugs. This notion 
was first presented in the 1980s by Portenoy and was 
initially regarded as controversial. Concerns among 
physicians and patients of inducing dependence, 
addiction and ever-escalating doses have been exten-
sively considered [40]. There remains a reluctance to 
prescribe opioids among some groups of physicians. 
An American study showed that geriatricians were 
more likely than internal medicine specialists to pre-
scribe opioids to elderly patients in pain [41]. The 
British Pain Society has published evidence-based 
guidelines about the prescription of strong opioid 
drugs in chronic nonmalignant pain [42]. The princi-
ples described may be applied as effectively in angina 
management as in any other chronic opioid-sensitive 
pain condition. Side effects often limit the usefulness 
of opioids and some authorities have suggested that 
this may be overcome by delivering opioids intrathe-
cally because lower doses are required.

As more is understood about endogenous opioid 
cell membrane receptors and their interactions with 
intracellular processes, it is becoming clearer that the 
mechanisms of tolerance, dependence and addiction 
are varied and complex [43]. The use of terms such 
as “addiction” and “dependence” may become emo-
tive, and the inclusive phrase “problem drug use” has 
been preferred in some quarters. The growing list of 
publications on this topic demonstrates that there 
is a small incidence of problem drug use in chronic 
pain patients prescribed strong opioids. A recent 
review of 67 publications on this issue has suggested 
an incidence of around 0.2% risk of addiction and 
about 0.6% risk of aberrant drug-related behavior 
following the prescription of opioids to a chronic 
pain patient with no previous history of drug or 
alcohol misuse. In patients who have previous his-
tory of alcohol and/or drug misuse, the incidences of 
addiction and abberrant behavior were higher (3% 
and 11% respectively) [44].

It is important to include the patient as an equal 
partner in decision making when considering the use 
of these drugs in managing long-term pain problems 
[45].

Intrathecal opioid therapy. Implantable pumps deliv-
ering microvolumes of analgesic drugs have been 
developed since the 1990s. The principle behind their 
use is the ability to directly target drugs to their site 
of action rather than relying on intermediary mecha-
nisms of transport. There are a number of drawbacks 
to the use of these devices.

Implantation of the drug delivery system requires 
an invasive procedure.
The patient and doctor are committed to a long-term 
relationship which can damage patient autonomy.
A lengthy titration period may be necessary while 
previous medication is adjusted to allow the new 
drug – and route of administration – to "bed in."
Equipment costs are considerable and pump replace-
ment may be required. 
Intrathecal granuloma formation at the catheter 
tip, which may cause spinal cord compression, has 
been reported. The overall incidence is unclear, 
but in a series describing 41 cases of catheter tip 
granuloma in chronic pain patients receiving 
intrathecal drugs, the use of high concentrations 
of morphine was most strongly linked to granu-
loma development [46].
Long-term outcomes are uncertain. A prospective case 
study followed 38 intrathecal pump recipients for 3 
years after implantation and concluded that although 
intrathecal analgesic administration may improve 
pain, mood and function, this group of patients con-
tinue to experience severe symptoms [47].

Importantly, there is little evidence of overall benefit 
to chronic angina patients using intrathecal infu-
sion pumps and worldwide experience is limited to 
a very small number of specialist units [48]. Overall, 
our own experience (at the National Refractory 
Angina Centre) of eight implants is discourag-
ing. Intractable nausea, inadequate pain control 
and testicular suppression are among the problems 
encountered. 

Spinal cord stimulation (SCS)
Following the development of TENS after Melzack & 
Wall’s pioneering work on spinal gating, interest in 
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other  neurostimulation techniques quickly gained 
ground. Analgesia was observed following direct stim-
ulation of the spinal cord by a wire placed in the pos-
terior epidural space. Spinal cord simulation has since 
become an established treatment for neuropathic pain. 

In the opinion of the authers, SCS can be an effec-
tive technique in the control of refractory angina, but 
there is insufficient evidence to support its cost effec-
tiveness in the UK (see NICE puplication: www.nice.
org.uk). For a more detailed examination of the role 
of SCS in pain medicine see Chapter 29.

External enhanced counterpulsation (EECP)
External counterpulsation by the use of sequen-
tially inflated ECG-co-ordinated high-pressure cuffs 
around calves, thighs and buttocks has been investi-
gated since the 1960s as a noninvasive method of rep-
licating the effects of intra-aortic balloon pumping. 
Initially it was developed as a treatment for cardio-
genic shock. In a randomized controlled trial EECP 
has been shown to benefit chronic refractory angina 
patients and has FDA approval [49]. Nevertheless, the 
evidence for cost-effectiveness of EECP in the rou-
tine care of refractory angina patients is lacking and 
a health technology assessment is under way. In our 
practice, EECP is reserved for patients who would 
otherwise be candidates for redo bypass surgery or 
spinal cord stimulation. EECP’s major advantage over 
the alternatives is that it can be tried without signifi-
cant risk and withdrawn if it is intolerable. Funding 
involves a time-consuming process in England and 
requires approval from the patient’s Primary Care Trust 
specialist commissioning group. 

Treatment involves attending for regular ses-
sions to allow a total of 35 hours of therapy. This is 
a major commitment and limits EECP’s usefulness 
because it is only available in a few centers across the 
UK. A recent review of data from a long-term fol-
low-up registry suggests that clinically significant 
benefits are seen in 70% of patients up to 3 years 
after the initial treatment [50]. There is no doubt 
that EECP increases coronary perfusion during aug-
mentation but why the effect lasts for so long after 
completion of the course of treatments is unclear. 
Whatever the mechanism, EECP is a useful nonin-
vasive treatment option and is often preferred to 
invasive therapies such as palliative surgery or spinal 
cord stimulation. 

Managing changes in symptoms
It is important to appreciate that coronary atheroma 
progresses in a nonlinear fashion. Lesions may remain 
stable for years before an unpredictable plaque disrup-
tion event produces sudden progression or, less often, 
regression of the lesion. Rapid worsening in the sever-
ity of a coronary lesion causes ischemia at low work-
loads, resulting in more frequent and severe angina, 
and it is important to have a plan to deal with such an 
event. It is sensible to negotiate with local cardiologists 
in advance so that a subsequent sudden deteriora-
tion in symptoms is handled in the preferred manner. 
Generally speaking, cardiologists have a low threshold 
for investigating and treating patients who they sus-
pect may have a fresh clot in a coronary artery. 

Even if the deterioration is related to an occlusive 
event, it need not cause a myocardial infarction. 
Very severe narrowings are at high risk of occlusion 
and such events are often associated with an abrupt 
deterioration in frequency and severity of symptoms. 
However, severe lesions usually occlude without caus-
ing myocardial infarction because of the development 
of coronary collaterals [51]. In practice, worsening 
angina is more commonly the result of physical stress, 
such as chest or urinary infections. Emotional stress 
plays a major role in otherwise inexplicable deteriora-
tions and is often underplayed by patients who are too 
embarrassed to mention personal matters. An effective 
therapeutic alliance will avoid such problems.

Chest wall pain

The chest wall comprises skin, subcutaneous tissues, 
bony structures linked by symphysis, fibrocartilagi-
nous and synovial joints, muscle, nerves, blood ves-
sels and parietal pleura. Many conditions may present 
with chest pain, descriptions of which are beyond the 
scope of this chapter. The most common clinical situ-
ations encountered by the pain clinician result from 
some kind of physical insult to one or more tissue 
types. This may be accidental trauma, postsurgical or 
as a consequence of infection.

Chest wall trauma is common. Causes range from 
road traffic accidents to falls and brawls. The origi-
nal traumatic event may easily be forgotten if there 
is a delay between the event and the onset of pain. 
We have met patients who were unwilling to men-
tion their suspicions that an earlier trauma might be 
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related to their current pain because a doctor had pre-
viously dismissed the idea. If rib fracture occurs, the 
inflammatory process will cause the area to be painful 
until the bone has healed. Injury to adjacent structures 
is common following trauma. Fibromyalgia can result 
from traumatized soft tissues, including muscle and 
periosteum, and because the neurovascular bundle is 
so close to the rib its structures may easily be damaged 
by jagged bone fragments. It has been well established 
that long-term pain experience can be influenced by 
the reported level of pain during the acute phase [52]. 

If lung laceration or contusion has complicated the 
injury the parietal pleura will be involved in the inflam-
matory process, and there is an increased risk of local 
or generalized lung infection. Persistent cough due to 
pleural or lung injury immediately following trauma 
is likely to be a determining factor in pain experience 
during the acute phase. 

Chest wall pain after surgery
Pain following surgery to the chest wall is common and 
frequently under-reported. As with accidental trauma, 
persistent pain may arise from a variety of sources, and 
it may be extremely difficult to elucidate the precise 
cause of pain. Furthermore, there may be a tendency 
to misdiagnose a new postoperative chronic pain as a 
recurrence of the original condition. For example, it is 
well known that chest wall dysesthesia is common fol-
lowing CABG surgery. In a retrospective study of a 
2-year cohort of CABG patients, 44% of 380 respond-
ers to a questionnaire admitted to persistent dysesthesia 
of the chest wall [53]. This dysesthesia may be related 
to the harvesting of the internal mammary artery 
as part of the revascularization procedure, although 
incidence of pain is similar at 1 year (approximately 
30%) with or without use of the mammary artery and 
regardless of surgical technique, which were the find-
ings of a prospective study of 349 consecutive patients 
undergoing CABG. Fourteen (4%) of these patients 
rated their pain as persistently greater than 50 mm on 
a visual analog scale [54].

Because there may be a significant delay between time 
of surgery and onset of pain, and because CABG is often 
successful in abolishing anginal symptoms for a variable 
period, a proportion of cases of chest wall pain following 
CABG will be misdiagnosed as recurrent angina pectoris, 
and the patient may be subjected to a series of unneces-
sary and potentially hazardous investigations. 

Around 5% of 1000 refractory angina patients 
referred with a supposed diagnosis of postrevascu-
larization recurrent angina were found to have other 
causes for their chest pain. A carefully taken his-
tory invariably revealed significant differences in the 
 characteristics of their preoperative angina and the 
presenting pain. When recurrent angina happens, even 
if it has not been present for many years, it almost 
always follows the same pattern as it did before sur-
gery. On careful questioning, postbypass patients with 
noncardiac chest pain will often admit to experienc-
ing their “old” angina under conditions of physical or 
emotional stress. This will help distinguish true recur-
rent post-CABG angina from other chest wall pain 
syndromes. 

Other categories of surgery that commonly result 
in chronic chest wall pain are thoracotomy and breast 
surgery. Although there are numerous anecdotes and 
references to the frequency of occurrence, there is a 
relative lack of accurate published data. A recent ret-
rospective review of a cohort of 255 patients under-
going thoracotomy in a 2-year period received 149 
(58%) responses. The overall incidence of chronic 
chest wall pain was 52% (32% rated “mild,” 16% 
rated “moderate,” 3% rated “severe”) [55]. These pain 
syndromes frequently have a significant neuropathic 
component, and may be helped by the various treat-
ments for neuropathic pain described elsewhere.

Since the mid 1990s an incidence of around 40% 
of pain after breast surgery has been accepted as accu-
rate. A cohort of 138 women previously reporting 
pain after breast surgery was reviewed at a mean of 9 
years (SD 1.8 years) after initial operation; 113 (82%) 
women responded, of whom 59 (52%) reported per-
sistent pain [56].

Future directions for research

Despite calls for a comprehensive health strategy 
going back over a decade, refractory angina remains 
in the shadows of stable angina. The clinical and 
financial implications of the condition are poorly 
understood and a comprehensive epidemiologic review 
is urgently needed. The lack of interest by inde-
pendent funding bodies has resulted in the creation 
of an artificial evidence base funded by the manufac-
turing and pharmacology industries that appears to 
support physical and pharmacologic interventions. 
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No industry-sponsored trial in refractory angina has 
required patients to have undergone optimal reha-
bilitation. Similarly, none has used rehabilitation 
as a comparator. Randomized controlled trials that 
 compare one expensive intervention with another will 
not provide evidence of cost-effectiveness and are of 
questionable value.

It is hoped that the current UK NHS practice-
based commissioning reforms, enabling primary care 
practitioners to identify cost-effective services that are 
best suited to the needs of their patients, will lead to 
an expansion of noninvasive pain management strat-
egies for the treatment of this complex and disabling 
chronic pain condition.

Authors’ recommendations

After 12 years of developing the UK’s first comprehen-
sive refractory angina service, we are convinced that fear 
and confusion dominate the clinical picture. Parallel 
lines of research demonstrate the critical importance 
of setting aside time to take a detailed biopsychosocial 
history that identifies and deals with misconceptions. 
However, few are prepared or able to spend the 2–3 
hours that we have found necessary to begin the proc-
ess of changing long-held damaging beliefs. We urge 
colleagues who plan to treat refractory angina patients 
to resist management pressure to fall in line with exist-
ing outpatient arrangements. Make your clinic patient 
friendly and insist on at least 2 hours initial assessment 
for a new patient clinic. In our experience this time is 
invaluable in preventing patients progressing to time-
consuming and costly interventions such as sympathec-
tomy and spinal cord stimulation.
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CHAPTER 24

Oncologic therapy in cancer pain

Rita Janes and Tiina Saarto
Department of Oncology, Helsinki University Hospital, Helsinki, Finland

Background 

Cancer pain becomes more frequent as the malignancy 
progresses, with one-third reporting pain at the time 
of diagnosis and 60–80% of patients with advanced 
cancer. Tumor growth and metastasis can cause pain in 
any organ but no single site is predestined to be pain-
ful. The skeleton is the most common site of cancer 
pain because several of the most prevalent malignan-
cies, i.e. breast, prostate and lung cancer, have a pro-
pensity for bone secondaries and more than half of 
those who have skeletal disease experience bone pain. 
Mechanisms by which cancer causes pain include tis-
sue damage and inflammation, nerve compression and 
infiltration, increased intracranial pressure, obstruction 
of hollow organs and distension of capsules surround-
ing internal organs such as the liver and spleen. 

Analgesics are the mainstay for treating cancer 
pain. Specific cancer therapies including surgery, can-
cer medicine and radiotherapy rarely relieve pain 
quickly enough to render the use of analgesics need-
less. Oncologic treatments alleviate cancer pain mainly 
by removing or downsizing pain-causing tumors. The 
anti-inflammatory effect of some treatment modalities 
such as corticosteroids, radiotherapy and bisphospho-
nates is also of significance in relieving cancer-related 
pain. Radiotherapy is the single most effective onco-
logic treatment of cancer pain. In the treatment of 
bone metastases, the pain-relieving efficacy of both 
external radiotherapy and systemic radionuclide 

therapy is well documented. Radiotherapy is effective 
also in treating pain caused by soft tissue tumors. The 
pain-relieving effect of bisphosphonates in the treat-
ment of bone metastases is relatively low, but they are 
used to slow down progression of bone metastases and 
prevent skeletal complications including pain, hyper-
calcemia, fractures and spinal cord compression. 

In this chapter we will focus on evidence for the use 
of radiotherapy, radionuclides and bisphosphonates in 
treating malignant bone pain and that of radiotherapy 
in the treatment of pain caused by soft tissue tumors. 

Epidemiology

Cancer pain affects the majority of patients with 
advanced cancer. At the time of diagnosis one in three 
patients report cancer-related pain whereas 74% 
(53–100%) of those with advanced malignancy have 
cancer pain [1]. Pain syndromes were assessed in a 
prospective study of 2266 cancer patients; 30% pre-
sented with one, 39% with two and 31% with three 
or more distinct pain syndromes. The majority of 
patients had pain caused by cancer (85%) or antineo-
plastic treatment (17%) and 9% had pain not related 
to cancer. Pain could be classified as originating from 
nociceptors in the bone (35%), soft tissue (45%) or 
visceral structures (33%) or otherwise of neuropathic 
origin (34%). In most patients, pain syndromes were 
located in the lower back (36%), abdominal region 
(27%), thoracic region (23%), lower limbs (21%), 
head (17%) and pelvic region (15%) [2].

Bone is the third most common metastatic site 
after the lung and liver [3]. Several of the most preva-
lent malignancies, i.e. breast, prostate and lung cancer, 
have a propensity for bone [3]. More than two-thirds 
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of patients with metastatic breast or prostate cancer 
and 30–50% of those with lung cancer will develop 
metastatic bone disease. Skeletal metastases are often 
present also in thyroid and renal cancer and multiple 
myeloma. The median survival after the appearance 
of bone metastases varies between 2 and 4 years for 
patients with cancer arising from the breast, prostate 
or thyroid and those with multiple myeloma, while the 
prognosis for lung and renal cancer is shorter, less than 
a year. Five to 40% are alive at 5 years depending on the 
tumor histology and tumor burden [4]. Approximately 
65–75% of patients with bone secondaries suffer from 
bone pain [5]. 

The incidence of pain arising from nonosseous 
metastases is also high, though less well docu-
mented [6]. Among soft tissue tumors, the prevalence 
of pain in lung cancer is best recorded. Approximately 
60% (25–62%) of patients with locally advanced inop-
erable primary lung cancer suffer from chest pain; 
almost one half have moderate to severe pain [7]. 
Anecdotally, in one series 84% of pancreatic cancer 
patients with inoperable disease suffered from pain [8]. 

Current understanding of relevant 
pathophysiology

Cancer pain is caused by various mechanisms includ-
ing tissue damage and inflammation, nerve compres-
sion and infiltration, increased intracranial pressure, 
obstruction of hollow organs and distension of cap-
sules surrounding internal organs such as the liver and 
spleen. Pain caused by tissue damage, i.e. (somatic or 
visceral) nociceptive pain, is the most common type 
of cancer pain. Pure neuropathic pain is less common, 
even though neuropathy as a part of the pain is seen 
in every third cancer patient suffering from pain. This 
chapter focuses on the pathophysiology of bone pain. 

Skeletal metastases are one of the most common 
causes of cancer pain [3]. Bone pain is often a dull 
continuous ache that increases in intensity with time. 
In addition, many patients suffer from incident pain 
i.e. pain exacerbated by pressure or movement, which 
may be difficult to control with analgesics alone due 
to the quick changes in the level of pain from one 
moment to another along the course of a day. This 
leads to impaired mobility. 

Bone metastases are either osteolytic, i.e. there is 
increased osteoclast activity and bone resorption, 

or osteosclerotic, i.e. osteoblast activity and bone 
 formation are increased. In multiple myeloma, bone 
lesions are osteolytic whereas osteosclerotic metastases 
predominate in prostate cancer. Patients with other 
cancers usually present with mixed bone lesions. Bone 
secondaries are seldom solitary, with the exception of 
renal cancer. More than 80% of bone metastases are 
found in the axial skeleton [6]. The most commonly 
affected areas are the spine, pelvis, ribs, proximal 
thigh, upper arm bone and skull [3, 4]. As metastatic 
bone destruction progresses, the risk of pathologic 
fracture increases. Eight to 30% of patients with skel-
etal metastases suffer from pathologic fractures [4, 5]. 
The underlying malignancy is most often multiple 
myeloma or breast cancer because of the osteolytic 
nature of the metastases and the relatively long prog-
noses [6]. Affected areas include the ribs, pelvis, long 
bones and vertebrae. Spinal cord compression occurs 
in 5–10% of patients with skeletal disease and may 
cause severe neuropathic pain [3–5, 9].

The pathophysiologic mechanism of pain in 
patients with bone metastases not associated with 
fracture or spinal cord compression is poorly under-
stood. Not all bone metastases are painful. About two-
thirds of demonstrated sites of bone metastases are 
painless and every sixth to every third of patients with 
bone metastases do not suffer from pain [5, 9]. The 
presence of pain does not correlate with the type of 
tumor, location, number or size of metastases [9]. It 
is poorly understood why pain patterns vary between 
patients and even within a patient. Various factors 
contribute in causing bone pain: mechanical stress 
of the weakened bone, direct destruction of the bone, 
microfractures, periosteal distension, nerve entrap-
ment and tumor pressure on adjacent tissues. The 
mechanisms underlying bone cancer pain also involve 
changes in osteoclastic activity leading to increased 
bone resorption, and inflammatory activity pro-
voked by cytokine and prostaglandin production by 
the cancer cells [10]. Thus bone cancer pain appears 
to be driven simultaneously by different mechanisms 
including tumorigenic, inflammatory and neuro-
pathic mechanisms. The healthy bone is constantly 
undergoing a complex process of remodeling charac-
terized by two opposing actions: the resorption of old 
bone by osteoclasts and the formation of new bone 
by osteoblasts. When healthy, there is a steady-state 
balance or “coupling” of osteoclastic bone resorption 
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and osteoblastic bone formation. This balance is lost 
when tumor cells enter the bone microenvironment. 
The tumor induces excessive osteoclast bone resorp-
tion. In lytic bone metastases, increased osteoclast 
activity and bone resorption decrease bone density 
and disrupt the skeletal architecture, either at focal 
sites or generally throughout the skeleton. 

Actively resorbing bone releases a number of 
bone-derived growth factors and cytokines, e.g. pros-
taglandins, bradykinin, substance P, cytokines (e.g. 
interleukin (IL)-1, IL-6 and tumor necrosis factor 
(TNF)), which attract circulating cancer cells to the 
bone surface and facilitate the tumor cells’ growth 
and proliferation [9, 11]. Also sensory neurons are 
excited and/or sensitized by these growth factors. 
Malignant cells secrete prostaglandins, cytokines and 
growth factors, which increase inflammatory activity 
and may also directly excite primary afferent nocicep-
tors located in bone [9, 11]. This vicious cycle caus-
ing multidirectional interactions between tumor cells, 
bone cells and nociceptors leads to increased tumor 
growth, osteolysis and pain.

Radiotherapy 

Radiotherapy uses high-energy X-rays, γ rays or 
electrons to deliver ionizing radiotherapy. Ionizing 
radiation causes DNA damage, leading to cell death. 
While tumor cell death is responsible for shrinkage 
of the tumor and thus improvement of pain, the pre-
cise mechanism of action by which radiation results 
in pain relief remains uncertain. Tumor cell kill and 
shrinking of the tumor bulk in bone promote bone 
healing by enabling osteoblastic repair and restored 
integrity of the damaged bone. There is evidence of 
degeneration and necrosis of cancer cells followed by 
replacement with proliferative fibrous tissue, which 
then aggregates and becomes calcified, filling in an 
osteolytic lesion [12]. This is evident on a plain X-ray 
where recalcification of osteolytic lesions is seen in 
65–85% of treated sites [13]. However, it takes several 
months for osteolytic bone lesions to heal whereas the 
pain-relieving effect is usually seen within a few weeks 
and in some cases within a few days [11]. The rapid 
onset of pain relief cannot be explained by the tumor 
cell kill and shrinking of the tumor mass alone [11]. 
The perceived absence of a dose response relationship 
also suggests that downsizing of the tumor may not 

be the most important mechanism. Significant tumor 
shrinkage would not be expected when using the 
relatively low total doses (e.g. 4 Gy) which have been 
shown to relieve bone pain. Further evidence comes 
from the absence of a clear relationship between radi-
osensitivity of the primary tumor and the analgesic 
effect [9, 11]. Mechanisms which explain the rapid 
pain response may include the inhibitory effect radio-
therapy has on osteoclast activity and other relevant 
host cells such as macrophages, resulting in down-
regulation of the release of chemical mediators of the 
inflammatory response [6, 9]. 

External beam radiotherapy using linear accel-
erators or cobalt machines is the most common way 
to deliver radiotherapy either, as in most cases, to a 
local field or, when treating painful disseminated 
bone metastases, to a wide field. Bone-seeking radio-
isotopes, samarium-153 and strontium-89, are used 
to treat disseminated symptomatic bone disease. 
Several clinical trials have shown that external beam 
radiotherapy and systemic radionuclide therapy are 
effective in treating painful bone metastases. There 
are only a limited number of studies that address 
the question of how efficient radiotherapy is in 
relieving pain caused by soft tissue tumors. 

Local field radiotherapy in the treatment 
of bone metastases
Radiation therapy alleviates metastatic bone pain effi-
ciently in the majority of patients. It is particularly 
useful in treating metastatic bone pain that is not 
controlled with adequate pain medication and is often 
of particular help in controlling pain exacerbated by 
pressure or movement. 

In two large controlled studies, complete or partial 
pain relief was obtained in 30–60% and 70–80% of 
patients, respectively. The onset of pain relief varied 
from a few days to 4 weeks and the duration of pain 
relief between 3 and 6 months [14, 15]. In the Bone 
Pain Trial Working Party prospective randomized 
trial, 765 patients with painful skeletal metastases 
requiring palliative radiotherapy were entered into a 
study comparing 8 Gy single fraction with a multi-
fraction regimen of 20 Gy in five fractions or 30 Gy in 
10 fractions. At baseline 29% of patients had mild pain, 
44% moderate and 23% severe pain. There were no 
differences in pain relief: 78% of patients both in the 
single fraction and multifraction schedules obtained 
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at least 50% pain reduction, and 57% and 58% had a 
complete response. There were no differences in the 
time to first improvement in pain, time to complete 
pain relief or time to first increase in pain at any time 
up to 12 months from randomization, nor in the class 
of analgesics used. Retreatment was twice as common 
after a single fraction compared with multifraction 
therapy. There were no significant differences in the 
incidence of nausea, vomiting, spinal cord compression 
or pathologic fracture between the two groups. Overall 
survival at 12 months was 44% [15]. 

A Dutch study randomized 1171 patients to receive 
either a single 8 Gy fraction (n � 585) or 24 Gy in 
six fractions (n � 586). The primary tumor was in 
the breast in 39% of the patients, prostate 23%, lung 
25% and other locations 13%. Bone metastases were 
located in the spine (30%), pelvis (36%), femur (10%), 
ribs (8%), humerus (6%) and other sites (10%). The 
main endpoint was pain measured on a pain scale 
from 0 (no pain at all) to 10 (worst imaginable pain). 
Median survival was 7 months. Response was defined 
as a decrease of at least two points compared to the 
initial pain score. The difference in response between 
the two treatment groups proved not significant. 
Overall, 71% experienced a response at some time 
during the first year. With regard to pain medica-
tion, quality of life and side effects, no differences 
between the two treatment groups were found. The 
total number of retreatments was 188 (16%), with 147 
(25%) in the single fraction and 41 (7%) in the multi-
fraction group. It was shown that the level of pain was 
an important reason for retreatment. There were also 
indications that doctors were more willing to re-treat 
patients in the single fraction group because time to 
retreatment was substantially shorter in this group 
and the preceding pain score was lower. Unexpectedly, 
more pathologic fractures were observed in the single 
fraction group, but the absolute percentage was low. 
In a cost analysis, the costs of the 24 Gy in six frac-
tions and the 8 Gy single fraction treatment schedules 
were calculated at 2305 and 1734 euros respectively. 
Including the costs of retreatment reduced this 25% 
cost difference to only 8%. The saving of radiotherapy 
capacity, however, was considered a major economic 
advantage of the single dose schedule [14].

In a Cochrane analysis, radiotherapy produced 
complete pain relief at 1 month in 395/1580 (25%) 
patients, and at least 50% relief in 788/1933 (41%) 

patients at some time during the trials. There were 
no differences in the proportions of patients achiev-
ing these outcomes between single or multiple frac-
tion schedules. The number needed to treat (NNT) 
to achieve complete relief at 1 month was 4.2 (95% 
confidence interval (CI) 3.7–4.7). No pooled esti-
mates of speed of onset of relief, or of its duration, 
could be obtained. In the largest trial (759 patients) 
52% of those who had complete relief had achieved it 
within 4 weeks, and the median duration of complete 
relief was 12 weeks. Adverse effect reporting was poor. 
There were no obvious differences between the vari-
ous fractionation schedules in the incidence of nausea 
and vomiting, diarrhea or pathologic fractures. The 
authors concluded that radiotherapy is clearly effec-
tive at reducing pain from painful bone metastases. 
There was no evidence of any difference in efficacy 
between different fractionation schedules, nor indeed 
of a dose response with total dose of radiation [16]. 

Another 949 patients with breast or prostate can-
cer and moderate to severe pain in 1–3 locations 
were entered into a randomized phase III study that 
compared 8 Gy single fraction with 30 Gy 10 fraction 
schedule. Median survival was 9 months. No differ-
ences were seen in total or partial pain relief (15% 
versus 18% and 50% versus 48%, respectively). Acute 
grade II–IV toxicity was more common among the 
patients receiving 30 Gy (17% versus 10%); late tox-
icity was rare in both arms (4%). The incidence of 
subsequent pathologic fracture was 5% for the 8 Gy 
arm and 4% for the 30 Gy arm. The retreatment rate 
was statistically significantly higher in the 8 Gy arm 
(18%) than in the 30 Gy arm (9%) (P � 0.001) [17]. 

The efficiency of reirradiation for painful 
bone metastases 
Two groups have reported on reirradiation as part of 
the treatment of painful bone metastases. Jeremic et al. 
investigated the effectiveness of 4 Gy single frac-
tion given for retreatment after previous single frac-
tion radiotherapy and arrived at the conclusion 
that the single fraction was effective and well toler-
ated. Of the 135 patients retreated, 109 patients were 
treated because of pain relapsing after 4 Gy (group I, 
n � 34), 6 Gy (group II, n � 39) or 8 Gy (group III, 
n �  36), while 26 patients were reirradiated after ini-
tial nonresponse (group I, n � 12; group II, n �  8; 
group III, n �  6). Of the 109 patients reirradiated for 
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pain relapse, 74% responded and 31% had complete 
response. Patients with previous complete response 
were more likely to achieve complete response. It is 
worth noting that among the 26 patients who initially 
did not respond, there were 12 (46%) responses. There 
were no differences between the three initial treatment 
groups regarding the efficiency of second radiother-
apy. Toxicity was low and only gastrointestinal [18]. 

The Dutch Bone Metastasis Study mentioned 
above studied the effect of 8 Gy single fraction versus 
24 Gy in six fractions on painful bone metastases [14]. 
In this study, 24% of patients received retreatment 
after single fraction versus 6% after multiple fractions 
(P � 0.001). A new study evaluated factors influenc-
ing retreatment and its effect on response. Of the 
137 patients who had received a single fraction and 
were retreated, 33% were given 8 Gy single fraction and 
67% 24/4 Gy. The 36 patients having first had multiple 
fraction therapy received single fraction 8 Gy in 75% 
of cases and multiple fraction therapy 24/4 Gy in 25%. 
Among the randomized 1171 patients, the response to 
initial treatment was 71% after single and 73% after 
multiple fraction radiotherapy (P � 0.84). Retreatment 
raised response to 75% for single fraction; multiple 
fraction remained unaltered (P � 0.54). The response 
status after initial treatment did not predict occurrence 
of retreatment: 35% single fraction versus 8% multiple 
fraction nonresponders and 22% single fraction versus 
10% multiple fraction patients with progressive pain 
were retreated. Logistic regression analyses showed the 
randomization arm and the pain score before retreat-
ment to significantly predict retreatment (P �  0.001), 
i.e. intensive pain and single fraction treatment pre-
dicted retreatment. Retreatment for nonresponders 
was successful in 66% after single fraction versus 33% 
after multiple fractions (P �  0.13); retreatment for 
progression was successful in 70% after single frac-
tion versus 57% after multiple fractions (P �  0.24). 
Overall, retreatment was effective in 63%. Irrespective 
of response to initial treatment, physicians were more 
willing to retreat after a single fraction [19].

Radiotherapy in the treatment of 
neuropathic pain due to bone metastases 
There are very few data on radiotherapy for bone 
metastases causing pain with a neuropathic com-
ponent. The Trans-Tasman Radiation Oncology 
Group undertook a randomized trial comparing 

the efficacy of a single 8 Gy fraction with 20 Gy 
in five fractions for this type of pain. Two hundred 
and seventy two patients from 15 centers were ran-
domized. Eligible patients had radiologic evidence 
of bone metastases from a known malignancy, no 
other metastases along the distribution of the neuro-
pathic pain and no clinical or radiologic evidence of 
cord/cauda equina compression. Primary endpoints 
were pain response within 2 months of commence-
ment of radiotherapy and time to treatment failure 
(TTF). 

The most common primary cancers were lung (31%), 
prostate (29%) and breast (8%); index sites were spine 
(89%),  rib (9%), other (2%). The median overall sur-
vival was 4.8 months. The intention-to-treat overall 
response rates (95% CI) for 8 Gy single fraction versus 
20 Gy in five fractions were 53% (45–62%) versus 61% 
(53–70%) (P �  0.18). Corresponding figures for com-
plete response were 26% (18–34%) versus 27% (19–
35%) (P �  0.89). The estimated median TTF (95% CI) 
were 2.4 mo(2.0–3.3 mo) versus 3.7 mo (3.1–5.9 mo) 
respectively. The hazard ratio (95% CI) for the com-
parison of TTF curves was 1.35 (0.99–1.85), log-rank 
P � 0.056. There were no statistically significant differ-
ences in the rates of retreatment, cord compression or 
pathologic fracture by arm [20].

Wide-field radiotherapy and systemic 
radionuclide therapy in the treatment 
of disseminated painful bone metastases
Wide-field radiotherapy and radio-isotopes are used 
to alleviate pain caused by widespread painful skeletal 
metastases. They may also be administered with pro-
phylactic intent to reduce the number of new symp-
tomatic sites.

Wide-field radiotherapy
Scattered painful skeletal lesions may be treated with 
single fraction and fractionated wide-field or half-body 
irradiation to the upper, lower or mid-body, depend-
ing on the extent of metastases and symptoms. A single 
fraction of 6 Gy is given to the upper half-body field 
in order to avoid pulmonary toxicity and 8 Gy to the 
lower half-body field. Half-body irradiation relieves 
pain as effectively as local external radiotherapy. 
Response rates up to 73% have been reported with 
20% of patients reporting complete pain relief. Because 
half-body irradiation is usually given to patients with 
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far advanced disease, more than half stay free from 
pain. Half of those who respond obtain pain relief 
within 48 hours and 80% within a week [21]. 

Half-body irradiation has also been administered 
with prophylactic intent. When compared to local 
external radiotherapy, there is significantly less need 
for radiotherapy to new painful sites following half-
body irradiation [22, 23]. 

The side-effects caused by large single fractions 
include nausea, vomiting, diarrhea, fever, transient 
increase in bone pain, hematologic toxicity and, 
rarely, pneumonitis [21]. Patients are usually admitted 
to hospital for intravenous hydration and premedica-
tion consisting of antiemetics and corticosteroids. 
These side effects may be especially taxing for patients 
with poor performance status. An interval of at least 
4 weeks is recommended before administering the 
other half-body treatment or continuing chemother-
apy to avoid severe hematologic toxicity.

Salazar et al. continued to explore fractionated half-
body irradiation to determine whether it was more 
efficient and less toxic compared to a single dose. They 
concluded that fractionating half-body irradiation 
eliminated the need for extensive premedication and 
patient monitoring required for single fraction [24]. 

A phase III trial for widespread symptomatic 
bone cancer from various primaries was carried out 
in 156 patients to find the fastest and most efficient 
method of delivery fractionated half-body irradia-
tion. There were three half-body (HBI) arms: (A) 15 
Gy/5 fractions/5 days; (B) hyperfractionation 8 Gy/2 
fractions/1 day; (C) accelerated hyperfractionation 
12 Gy/4 fractions/2 days. Pain relief was seen in 91% 
of patients (45% complete response and 46% par-
tial response) within 3–8 days. Sixty three percent of 
patients in arm A obtained complete pain response, 
compared to 43% and 32% in arms C and B, which 
was significant between arms A and B (P � 0.016). 
Pain-free survival was 174 (A), 150 (B), and 122 (C) 
days. Toxicity was acceptable (41% none, 50% mild/
moderate, 12% severe but transitory); more was seen 
with upper HBI [25]. The authors concluded that, for 
most primary tumor types (except prostate), deliver-
ing two HBI daily doses of 3 Gy on 2 consecutive days 
is as effective as delivering a daily dose of 3 Gy for 
5 consecutive days. Thus, this is a faster and much 
more convenient HBI schedule for the palliation of 
pain in widespread cancer.

Systemic radionuclide therapy
Radionuclides, including strontium-89, samarium-
153, rhenium-186 and rhenium-188, combined 
with bone-seeking agents have been used to deliver 
ionizing radiation to widespread skeletal metas-
tases. Most clinical experience has been gained using 
strontium-89 and samarium-153, which are admin-
istered intravenously, are localized in sites of active 
bone turnover, emit short-range β particles, are well 
tolerated and can be administered on an outpatient 
basis. Indications include multiple painful bone sec-
ondaries that are positive on bone scan from prostate, 
breast and lung cancer, i.e. primaries with sclerotic 
or mixed bone secondaries. Finlay et al. concluded in 
their systematic review that radio-isotopes are effective 
in providing pain relief with response rates between 
40% and 95%. Pain relief starts 1–4 weeks after treat-
ment, continues up to 18 months, and is associated 
with a reduction in analgesic use in many patients. 
Thrombocytopenia and neutropenia are the most 
common toxic effects, but they are generally mild 
and reversible. Repeat doses are effective in provid-
ing pain relief in many patients. The effectiveness of 
systemic radionuclide therapy may be greater when 
it is combined with chemotherapeutic agents such as 
cisplatin [26].

Strontium-89
Finlay et al. identified 38 observational studies reporting 
on the use of strontium-89 for the management of met-
astatic bone cancer; of these, 16 studies were prospective 
and had more than 20 patients and were analyzed. Pain 
was the main outcome measure but the differing crite-
ria used complicated the analysis of the data, although 
complete response and lack of response were straight-
forward to define. The proportion classified as complete 
responders to strontium-89 ranged from 8% to 77% 
(mean 32%), and the proportion showing no response 
ranged from 14% to 52% (mean 25%). Within this 
range, 44% of patients had some degree of response to 
strontium-89 treatment, giving a mean overall response 
of 76%. Delay in the start of response was between 4 days 
and 28 days, with a response duration up to 15 months. 
Although a reduction in analgesic use was a major cri-
terion for assessing pain response, quantification of this 
variable was poorly reported in the studies. In those 
that did report on this variable, a reduction of between 
71% and 81% was observed [26]. 
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Buchali et al. carried out a double-blind, randomized 
controlled trial of 49 patients with skeletal metastases 
from prostatic carcinoma. Patients were assigned to 
three injections of 75 MBq (2 mCi) strontium-89 with 
intervals of 1 month (25 patients) or to saline as pla-
cebo. There was no significant difference in pain relief 
between the two groups, which might reflect the sub-
optimum treatment regimen with a lower than usual 
dose per injection of strontium-89 used [27]. Another 
study randomly assigned 26 patients with hormone-
refractory prostate cancer to strontium-89 150 MBq 
(4 mCi) or to stable strontium as a placebo. This study 
assessed response to treatment by scoring the patients’ 
general condition, mobility, analgesic intake, and pain 
analysis. Strontium-89 was substantially more effective 
than placebo, both in patients receiving a single dose 
(P � 0.01) and in patients allocated to repeated doses 
(P �  0.03). Complete responses were observed only in 
patients receiving radio-active strontium. The absolute 
risk reduction for patients achieving pain relief with 
strontium-89 was 0.321 (95% CI �0.035 to 0.678) [28]. 

The combination of external beam radiotherapy 
and radio-isotopes has been studied. In a double-blind, 
controlled, randomized trial in Canada, 126 patients 
with hormone-refractory prostate cancer received 
local-field radiotherapy and were randomly assigned 
to strontium-89 or saline placebo. Strontium-89 was 
given as a single injection of 399.6 MBq (10.8 mCi), 
2.5 times that approved by the US Food and Drug 
Administration. There was a significant reduction in 
analgesic use at 3 months in patients assigned to stron-
tium-89, and significantly fewer new active sites were 
recorded. As could be expected, the groups did not 
differ in pain reduction at the index site [29]. A sec-
ond placebo-controlled, randomized trial reported 
contrasting results. This study assessed the effective-
ness of concurrent strontium-89 150 MBq (4 mCi) or 
saline placebo with palliative external radiotherapy in 
95 patients with skeletal metastases from various pri-
maries. The endpoint was physician-assessed response 
at 3 months, which took into consideration the pain 
score, dose of analgesics, performance status and 
additional pain treatment. At 3 and 6 months, no dif-
ferences between treatment arms were observed. The 
pretreatment use of opiates was independently associ-
ated with short progression-free survival, i.e. patients 
need to be treated before the skeletal disease is too far 
progressed [30]. 

A third randomized study, performed by the 
European Organization for Research and Treatment of 
Cancer Genitourinary Group, compared strontium-89 
150 MBq (4 mCi) with palliative local-field radiotherapy 
in 203 patients with hormone-refractory prostate can-
cer and found no difference in subjective response (pain 
score, dose of analgesics, performance status) [31]. 

Quilty et al. compared the effect of strontium-89 
200 MBq (5.4 mCi) local-field or half-body radio-
therapy. Two hundred and eighty four patients with 
prostate cancer and painful bone secondaries were 
first stratified according to suitability for local or half-
body radiotherapy, then randomly allocated that form 
of treatment or strontium-89. After 4, 8 and 12 weeks 
pain sites were mapped, toxicity monitored, and all 
additional palliative treatments recorded. All treat-
ments provided effective pain relief at the index sites; 
improvement was sustained to 3 months in 63.6% 
after half-body radiotherapy compared with 66.1% 
after strontium-89, and in 61% after local radiother-
apy compared with 65.9% in the comparable stron-
tium-89 group. Fewer patients reported new pain 
sites after strontium-89 than after only external radio-
therapy local or half-body radiotherapy (P �  0.05). 
Radiotherapy to a new site was required by 12 patients 
in the local radiotherapy group compared with two 
after strontium-89 (P�  0.01); there was no signifi-
cant difference between half-body radiotherapy (six 
patients) and strontium-89 (nine patients) in this 
respect. Platelets and leukocytes fell by an average 
30–40% after strontium-89 but sequelae were uncom-
mon, and other symptoms rare [23]. Dearnaley et 
al. compared retrospectively the pain response of 
27 prostate cancer patients receiving half-body irra-
diation with 51 patients receiving strontium-89 and 
found no difference. Performance status and extent of 
disease on bone scan were of over-riding importance 
in determining outcome [32].

The outcome data presented by these studies for 
strontium-89 are conflicting, although they generally 
imply similar subjective response rates to external 
radiotherapy. Variation in the definition of efficacy 
criteria and the differences in the populations of 
patients recruited could contribute to the inconsist-
encies reported. 

There have been efforts to improve pain response 
and possibly survival by adding chemotherapy 
to strontium-89. Sciuto et al. assessed the efficacy 
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of strontium-89 with or without low-dose cisplatin in 
70 patients with hormone-refractory prostate cancer in 
a prospective, randomized controlled trial. The propor-
tion of patients reporting pain relief and the duration 
of response were significantly higher with combined 
treatment. Overall pain relief occurred in 91% of 
patients in the combined arm versus 63% (P �  0.01) 
with the median duration of 120 days versus 60 [33]. 

Samarium-153
Resche et al. assessed the therapeutic efficacy of two 
doses of samarium-153 in alleviating metastatic bone 
pain from cancers of the prostate (n � 67), breast 
(n � 36), lung (n � 2), and other primaries (n � 9). 
Fifty five were randomly assigned to a single dose of 
18.5 MBq/kg (0.5 mCi/kg) and 59 patients to 37 MBq/
kg (1.0 mCi/kg). Treatment produced improvement 
from baseline in all patient-rated efficacy assessments, 
including degree of pain, level of daytime discomfort, 
quality of sleep and pain relief. During the first 4 weeks 
after dose administration, when the patients evaluated 
efficacy daily, there were statistically significant changes 
from baseline with the 1.0 mCi/kg dose but not with the 
0.5 mCi/kg dose. The difference between doses in visual 
analog pain scores was statistically significant at week 4 
(P � 0.0476). Values for platelets and white blood cells 
reached nadirs at 3 or 4 weeks with both doses and 
recovered by 8 weeks. Even at their lowest point, the 
values were generally higher than those associated with 
infectious or hemorrhagic complications [34]. 

Serafini et al. assessed the efficacy of two doses 
of samarium-153 versus placebo; 118 patients with 
painful metastases secondary to prostate, breast or 
lung cancers were randomly assigned to 18.5 MBq/kg 
(0.5 mCi/kg), 37 MBq/kg (1.0 mCi/kg) or placebo. 
Pain intensity was assessed by patients and clini-
cians. An improvement in pain relief was reported 
for both doses compared with the placebo group, 
but the improvement was significantly greater in the 
37 MBq/kg group than in the 18.5 MBq/kg group 
at 4 weeks (67% versus 42%, absolute risk reduction 
0.256; 95% CI 0.043–0.47). Persistence of pain relief 
was seen through week 16 in 43% of patients receiv-
ing the higher dose. Pain relief was observed within 
1 week in the majority of patients who responded. 
Analgesic consumption progressively rose in the pla-
cebo group compared with the prestudy rate, whereas 
there was a reduction in both active treatment groups 

over 4 weeks after treatment. Mild, transient myelo-
suppression was the only side effect [35].

Sartor et al. enrolled 152 men with hormone-
refractory prostate cancer and painful bone secondar-
ies into a prospective, randomized, double-blind trial 
comparing radioactive samarium-153 with nonra-
dioactive samarium. Patients were randomized (2:1) 
to the radioactive agent. Patients’ diaries were used 
to record analgesic use and metastatic bone pain, 
which was assessed with a visual analog scale and a 
pain descriptor scale. Nonresponders were informed 
of the treatment received after 4 weeks of treatment 
and, if initially treated with placebo, were allowed to 
receive samarium-153 in an open-label fashion. Pain 
was measured using validated patient-derived visual 
analog scales and pain descriptor scales. At 3–4 weeks, 
analgesic consumption significantly decreased in 
patients assigned to active samarium compared with 
those assigned placebo (P �  �  0.05). Furthermore, 
both the visual analog scale and the pain descriptor 
scale showed significant improvements in the treat-
ment group at 2–4 weeks, which correlated with the 
reduction in analgesic use (P �  0.0004). The absolute 
risk reduction for complete responders at 4 weeks 
was 0.29 (95% CI 0.08–0.36). Because nonrespond-
ers were unblinded at week 4, statistical comparisons 
between the arms beyond week 4 were not possible. 
Mild and transient myelosuppression was the only 
clinically important toxic effect associated with active 
samarium [36].

The different radionuclides have been compared to 
each other and no significant differences have been 
found. Liepe et al. investigated samarium-153, stron-
tium-83, rhenium-186 and rhenium-188 to deter-
mine their efficacy and toxicity in pain palliation of 
bone metastases. Seventy nine patients (18 with breast 
and 61 with prostate cancer) were treated (31 patients 
with rhenium-188, 15 each with rhenium-186 and 
samarium-153, and 18 with strontium-83). All 
patients were interviewed using standardized sets of 
questions before and after therapy weekly for 12 weeks. 
Blood counts were taken weekly for 6 weeks and after 
12 weeks. In total, 73% of patients reported pain relief 
(77% after rhenium-188, 67% after rhenium-186, 73% 
after samarium-153, and 72% after strontium-83). 
Fifteen percent of patients could discontinue their 
analgesics and were pain free. Pain showed a decrease 
from 3.6�/�1.7 to a maximum of 2.2�/�1.8 at 
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visual analog scale in 10 steps (P � 0.01). There were 
no significant differences in the inducement of flare 
symptoms or marrow toxicity [37]. 

Radiotherapy in the treatment of pain 
caused by soft tissue tumors
Radiotherapy effectively relieves not only pain 
secondary to bone metastases, but also pain arising 
from soft tissue tumors. Among soft tissue tumors, 
palliative radiotherapy for inoperable lung cancer is 
best documented. Approximately 60% (25–62%) of 
patients with locally advanced inoperable primary 
lung cancer suffer from chest pain; almost one half 
have moderate to severe pain [7]. The other typical 
local symptoms of inoperable lung cancer are dyspnea 
in 80–90% (13–90%), cough in 80–90% (24–95%), 
and hemoptysis in every third patient (13–47%). 
Radiotherapy alleviates local symptoms in two-thirds 
(48–94%) of patients. Complete symptom relief is 
seen in every third patient. Hemoptysis is alleviated 
in most of the patients (72–97%), chest pain in two-
thirds (44–88%), and dyspnea (46–72%) and cough 
(38–82%) approximately in every second patient. The 
duration of symptom control lasts approximately 2–3 
months [7, 38–44].

Palliative radiotherapy is widely used also in the 
alleviation of pain from other soft tissue tumors. 
Whereas the clinical impression is that radiotherapy is 
effective in reducing pain caused by soft tissue tumors 
from various primaries, adequate studies are lacking. 

Side effects of external beam radiotherapy 
and radio-isotopes
Palliative radiotherapy for bone pain and pain-causing 
soft tissue tumors is relatively well tolerated. Side 
effects are related to total dose, fraction size and the 
size of the irradiated field. Side effects arise both 
from adjacent healthy tissues and the tumor. In the 
latter case, a flare of previous symptoms may occur 
and dying tumor cells may affect the patient’s fluid 
and electrolyte balance and kidney function. Pelvic 
irradiation may cause transient nausea and diarrhea 
resulting from bowel irritation and large pelvic fields 
may cause myelosuppression; treatment to the cervi-
cal or thoracic spine is associated with irritation of 
the throat and esophagus. Side effects associated with 
treating nerve compression or brain metastases are 
increase of pain and associated neurologic symptoms 

caused by radiotherapy-induced edema; prophylactic 
corticosteroids are used. 

The side effects caused by large single fractions to 
wide fields such as upper, mid or lower body include 
nausea, vomiting, diarrhea, fever, transient increase 
in bone pain, hematologic toxicity and, rarely, pneu-
monitis [21]. Patients are usually admitted to hospital 
for intravenous hydration and premedication con-
sisting of antiemetics and corticosteroids. These side 
effects may be especially taxing for patients with poor 
performance status. An interval of at least 4 weeks 
is recommended before administering the other 
half-body treatment or continuing chemotherapy to 
avoid severe hematologic toxicity. Toxicity caused by 
half-body irradiation may be more acceptable with 
 fractionated schedules [25]. 

Patients close to death should be given adequate 
medication and good care; they are not candidates for 
radiotherapy.

Serious late side effects are rarely seen. This is due 
both to the short prognosis of patients and the low 
doses used in palliative care. Spinal cord injury is a 
dreaded late side effect. The risk of myelopathy is low 
with conventional fractionation schedules 1.8–2 Gy 
given to a total dose of 45 Gy [45]. It is less clear how 
safe higher single fractions are. According to Macbeth 
et al., the cumulative risk of myelopathy was 0.6% at 
1 year and 2.2% at 2 years following two 8.5 Gy frac-
tions administered 1 week apart. A single 8 Gy fraction 
appears to be safe with regard to myelopathy [46]. 

Systemic radionuclide therapy is usually well 
tolerated. Thrombocytopenia and neutropenia are the 
most common toxic effects, but they are generally mild 
and reversible. For example, in a cohort of men with 
prostate cancer treated with samarium-153, white cell 
counts fell by about 45% and platelet counts fell by 40%, 
with corresponding nadirs at 3–4 weeks of 3.8 � 109/l 
for the white cell count and 127 � 109/l for the platelet 
count. Normal counts of white cells and platelets were 
observed by week 8 [36]. Hematologic toxicity should be 
taken into consideration when treating extensively pre-
treated patients, and in patients requiring chemotherapy, 
because bone marrow capacity may be limited. 

Pain flares and complications of metastatic bone 
disease such as spinal cord compression have not been 
over-represented. In the work by Sartor mentioned above 
where active samarium-153 was compared with inactive 
samarium, pain flares were seen in 6% of patients in both 
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groups. Spinal cord compression occurred at the same 
frequency in both groups (5.9%) [36].

Bisphosphonates

Mechanism of action 
Bisphosphonates are potent inhibitors of osteoly-
sis and bone resorption. They are synthetic analogs 
of natural pyrophosphates. In contrast to the natu-
ral pyrophosphates, bisphosphonates are resistant to 
breakdown by enzymatic hydrolysis. Bisphosphonates 
act specifically on bone because of their strong affin-
ity for calcium phosphate. According to their structure, 
bisphosphonates can be divided into those resembling 
the natural pyrophosphates, or nonaminobisphos-
phonates (clodronate and etidronate), and those with 
a nitrogen-containing side chain, aminobisphospho-
nates (pamidronate, alendronate, zoledronic acid, rise-
dronate, ibandronate). Bisphosphonates inhibit bone 
resorption by a variety of mechanisms. When osteo-
clasts ingest bisphosphonate-containing bone, their 
cytoskeleton becomes disrupted and the apoptosis of 
the osteoclasts is activated. The nonaminobisphospho-
nates act as analogs of adenosine triphosphate (ATP) 
and inhibit ATP-dependent intracellular enzymes, 
leading to apoptosis and death of the osteoclasts. The 
aminobisphosphonates, on the other hand, inhibit 
enzymes of the mevalonate pathway by disrupting the 
signaling functions of key regulatory proteins and lead 
to osteoclast apoptosis. Bisphosphonates also inhibit 
the development of osteoclasts from monocyte pre-
cursors by diminishing the recruitment and activity 
of osteoclasts. These effects on the osteoclasts lead to 
a decrease in bone turnover that is secondary to the 
inhibition of bone resorption [47].

The mechanism by which bisphosphonates alleviate 
pain is not known. According to preclinical data, they 
inhibit bone resorption and reduce tumor burden at 
skeletal sites. Bisphosphonates may have some anti-
inflammatory and antinociceptive effects [48, 49]. All 
these mechanisms might contribute to pain relief. 

Bisphosphonates in treatment 
of metastatic cancer
Bisphosphonates have successfully been used in the 
treatment of malignant hypercalcemia and skeletal 
metastases [50–53]. The use of bisphosphonates in 
addition to systemic treatment of malignant disease 

(chemotherapy or hormone therapy) reduces the risk 
of developing skeletal events, i.e. new skeletal lesions, 
progression of existing bone lesions, hypercalcemia, 
pain, pathologic fractures, need for palliative radio-
therapy or surgery, but no survival benefit has been 
demonstrated. The strongest evidence for the effec-
tiveness of bisphosphonates is found in breast cancer 
and multiple myeloma. There is some evidence of 
their efficacy, especially zoledronic acid, in treatment 
of advanced prostate cancer and other solid tumors. 

Bisphosphonates in treatment of pain 
secondary to bone metastases 
The Cochrane review of bisphosphonates (clodro-
nate, pamidronate and etidronate) for the relief of 
pain secondary to bone metastases includes 30 rand-
omized controlled trials reported before January 2000 
[50]. Of those, five studies were designed with pain 
relief as a primary endpoint and six studies were pla-
cebo controlled. Twenty-five studies were available to 
address the primary objective of the review, but only 
eight studies (771 patients from six placebo-controlled 
and two open-controlled studies) were included 
in the analyses of “the best pain response within 
12 weeks.” Number needed to treat (NNT) was 11 
(95% CI 6–36) at week 4 and 7 (95% CI 5–12) at 
week 12. Odds ratio of 2.37 (95% CI 1.61–3.5) for 
“the best pain response within 12 weeks” was in favor 
of the bisphosphonate group. In double-blinded stud-
ies the NNT was somewhat higher (NNT 8). Four 
other placebo- or open-controlled studies including 
619 patients reported no pain-relieving effect with 
bisphosphonates, but the data were not in usable form 
for the review. The other 14 placebo- or open-controlled 
studies had no data on the proportion of patients with 
pain relief during the time frame of interest. Average 
drug reactions were generally mild. The number needed 
to harm (NNH) was 16 (95% CI 12–27) for adverse 
drug reactions requiring discontinuation of therapy. 

Despite the large number of randomized control-
led studies, these conclusions are based on a limited 
number of studies and patients due to methodologic 
problems in measuring and reporting pain. The review-
ers concluded that the evidence suggests that bisphos-
phonates provide modest pain relief for patients with 
painful bony metastases [50]. 

Rosen et al. compared zoledronic acid to pamid-
ronate in patients with multiple myeloma and breast 
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cancer [54]. No difference was found between these 
two bisphosphonates in pain-relieving effect. 

Another Cochrane review by Pavlakis et al. summa-
rizes the studies of bisphosphonates in breast cancer 
[51]. The review was updated in 2005. It included 
11 studies (seven placebo-controlled and three open 
studies) that tested the effects of bisphosphonates 
(compared with placebo or no bisphosphonate) on 
pain in women with advanced breast cancer and exist-
ing bone metastases, using a reference pain scale. In six 
studies (two placebo-controlled studies of IV pamidr-
onate 90 mg, one placebo-controlled study of IV iban-
dronate 6 mg, one pooled study of oral ibandronate 50 
mg, one oral clodronate 1600 mg, and one open study 
of oral pamidronate 300 mg), a significant difference 
was seen in pain in favor of the bisphosphonate group. 
One study compared zoledronic acid to pamidronate 
and found no differences between these two bisphos-
phonates in pain-relieving effect [54]. There were, 
however, methodologic weaknesses in measuring and 
reporting the pain-relieving effects.

The Cochrane review of multiple myeloma 
included 11 trials published before June 2001 [52]. 
Bisphosphonates statistically significantly ameliorated 
pain in multiple myeloma. From eight eligible studies 
(four clodronate, four pamidronate, two etidronate and 
one ibandronate studies) with a total of 1281 patients, 
there were 276 out of 657 patients who reported pain 
on bisphosphonates versus 318 out of 624 controls, 0.59 
(95% CI 0.46–0.76, P � 0.00005). The absolute risk 
reduction was 9% and the NNT to prevent one patient 
experiencing pain was 11 (95% CI 7–28). However, 
analysis of the effect of bisphosphonates on pain was 
based on clinically heterogeneous data and must be 
interpreted with caution. The benefit was most apparent 
with clodronate and pamidronate. The review included 
only one ibandronate study, where ibandronate was 
given at a dose of 2 mg intravenously, monthly, without 
any significant pain-relieving effect. However, the dose 
of ibandronate was suboptimal when compared to the 
dose used in breast cancer (6 mg intravenously) [55]. 
No studies of zoledronic acid were available. 

In the Rosen study zoledronic acid was compared 
to pamidronate in patients with multiple myeloma 
and breast cancer, but myeloma patients have not 
been reported separately [54]. 

In the Cochrane review of bisphosphonates in 
the treatment of skeletal metastatic prostate cancer, 

no significant pain-relieving effect was seen, even 
though there was a trend towards it. The review 
included 1955 patients with skeletal metastatic pros-
tate cancer from 10 controlled trials published up to 
June 2005. In seven trials pain was the primary end-
point. Clodronate was used in seven trials, pamid-
ronate, etidronate and zoledronic acid in one study 
each. Pain relief was demonstrated in 27.9% of the 
patients in the bisphosphonate group and in 21.1% 
of the controls in 416 patients from three clodronate 
and one etidronate studies. The odds ratio for pain 
response was 1.54 (95% CI 0.97–2.44, P � 0.07), 
showing a trend of improved pain relief in the 
bisphosphonate group, although this was not statis-
tically significant. Mean pain change was reported 
in one zoledronic acid study (643 patients) and 
one pamidronate study (350 patients). The baseline 
brief pain inventory score was 2.0 (standard devia-
tion (SD) 2.0) in the 4 mg zoledronic acid group, 
2.5 (SD 2.1) in the 8/4 mg group and 2.1 (SD 2.0) 
in the placebo group. The mean changes within 15 
months were �0.58 (�0.29 to 0.87), �0.43 (�0.16 
to 0.70) and �0.88 (�0.61 to 1.15), respectively. The 
difference between zoledronic acid 4 mg and placebo 
was not statistically significant (P � 0.134), while 
zoledronic acid 8/4 mg was statistically significantly 
better than placebo (P � 0.026). After combining the 
two zoledronic acid groups, the mean pain change 
did not alter during the zoledronic acid therapy 
�0.04 (SD 0.21), while it increased in the placebo 
group �0.42 (SD 0.22). No change was seen with 
pamidronate: the mean pain change decreased by 
�0.61 (SD 0.17) with pamidronate and �0.44 (SD 
0.16) with placebo [53]. 

In a study of zoledronic acid in the treatment 
of skeletal metastatic lung cancer and other solid 
tumors in 773 patients, no significant pain-relieving 
effect was demonstrated, even though the propor-
tion of skeletal-related events (radiation, surgery, 
pathologic fracture, spinal cord compression, hyper-
calcemia of malignancy) was significantly reduced by 
zoledronic acid [56]. 

In two open-label pilot studies the analgesic effect of 
ibandronate loading doses has been studied [57, 58]. 
Twenty-five hormone-refractory prostate cancer patients 
participated in an open prospective nonrandomized 
clinical study. Ibandronate was given 6 mg intravenously 
on 3 consecutive days at the study entry and 6 mg IV 
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every 4 weeks thereafter [57]. Significant reduction in 
pain score measured by visual analog scale from 6.5 
(5 –10) to 2.0 (0  –  4) was achieved in 23 (92%) patients; 
nine patients (39%) become completely pain free. Only 
two patients did not respond. On average, the first anal-
gesic effect was observed at day 3 (1–5). In another 
study 18 patients were treated with IV ibandronate 4 mg 
on 4 consecutive days (total dose 16 mg) [58]. Within 
7 days there was a significant reduction in bone pain 
that remained below baseline at 42 days. However, these 
are preliminary results from open studies and no phase 
III controlled randomized studies are available. 

Dosing and treatment schedules
In clinical phase III studies the onset of the analgesic 
effect of bisphosphonates has started within 4 weeks 
and the maximal analgesic effect has been achieved 
within 8–12 weeks [59–62]. The analgesic effect has 
been demonstrated with IV pamidronate, oral and 
IV clodronate, oral and IV ibandronate, and IV zoled-
ronic acid. The best evidence of the pain-relieving 
effect of pamidronate has been reported with the 
dose of 90 mg intravenously every 4 weeks. In dose-
finding studies of pamidronate, lower doses from 45 
to 60 mg have also had some pain-relieving effect, 
but 90 mg was the most effective dose [50, 51]. 
The maximum bone-resorbing effect is obtained 
using oral clodronate at the dose level 1600–3200 
mg. The optimal analgesic dose is not known [63]. 
The corresponding IV doses are either a single dose 
of 1500 mg or 300 mg on 5 consecutive days [50]. 
Ibandronate 2 mg intravenously was not effec-
tive in the treatment of multiple myeloma whereas 
6 mg IV infusion and 50 mg oral ibandronate sig-
nificantly alleviated pain in breast cancer [59]. Four 
milligrams of zoledronic acid intravenously is used 
in clinical practice instead of 8 mg because of renal 
safety issues. There are only a few direct compari-
sons between different bisphosphonates. Zoledronic 
acid has been demonstrated to be as effective as 
pamidronate [54]. In a small study of 51 patients IV 
pamidronate 90 mg seemed to alleviate pain more 
effectively than oral (1600 mg) or intravenous (1500 
mg) clodronate [64]. 

Safety of bisphosphonate treatment
Bisphosphonate therapy is generally well tolerated. 
According to the Cochrane review on pain relief, the 

NNH was 16 for adverse drug reactions requiring 
discontinuation of therapy [50]. Intravenous admin-
istration of the aminobisphosphonates can induce 
transient flu-like symptoms with fever, myalgia and 
arthralgia. Oral administration of bisphosphonates 
in turn may be accompanied by gastrointestinal dis-
comfort, nausea, dyspepsia, vomiting, diarrhea and 
even esophageal ulceration [65]. Some deterioration 
of renal function is reported in patients treated with 
bisphosphonates [54, 65, 66]. Forty two patients 
from a group of 446 who were treated with a total of 
3115 zoledronic acid doses experienced renal deteri-
oration [66]. Eight out of 446 patients required dis-
continuation of zoledronic acid therapy. Predictive 
factors for the development of renal deterioration 
were age, diagnosis of myeloma or renal cell carci-
noma, cumulative number of doses, concomitant 
therapy with NSAID and current or prior therapy 
with cisplatin. Though the renal complications 
during bisphosphonate therapy are often mild and 
apparent only as transient increases in serum creati-
nine, serum electrolyte and creatinine levels should 
be monitored during bisphosphonate therapy. The 
probability of acute toxicity due to hypocalcemia is 
greater with the use of IV aminobisphosphonates 
and supplementation with calcium and vitamin D is 
recommended [65]. 

Osteonecrosis of the jaw is a recently described 
rare yet severe adverse side effect of bisphosphonates 
[67, 68]. Patients treated with IV nitrogen-containing 
bisphosphonates (pamidronate or zoledronic acid) 
represent 94% of published cases. Of interest, clodr-
onate, a nonaminobisphosphonate, has not been 
implicated in the development of osteonecrosis. 
Most patients (85%) have myeloma or breast cancer. 
The cumulative incidence of osteonecrosis appears 
to be 1% within the first year, increasing with the 
prolongation of treatment (3-year cumulative inci-
dence ranging between 4% and 21%), being higher 
with zoledronic acid than pamidronate treatment. 
The typical presentation of osteonecrosis is a “non-
healing” extraction socket or exposed jawbone with 
localized swelling and purulent discharge. The man-
dible is affected twice as often as the maxilla and 
60% of cases are preceded by a dental surgical pro-
cedure. The remaining cases occurred spontaneously. 
Oversuppression of bone turnover is probably the 
primary mechanism with additional contributing 
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co-morbid factors like dental surgery or poor oral 
hygiene. The management of this side effect is based 
on awareness of the problem and its prevention. 
Dental procedures such as extractions should be 
kept to a minimum during bisphosphonate treat-
ment and when necessary should prompt temporary 
interruption of treatment until the lesion is healing 
satisfactorily.

Conclusion

Analgesics are the cornerstone of cancer pain treat-
ment. Effective systemic oncologic treatment, when 
available, alleviates cancer pain. Radiotherapy is the 
single most effective oncologic treatment for cancer 
pain. Approximately 70% of patients with painful 
bone secondaries obtain significant pain relief and 
a complete response is seen in every third patient. 
Oncologic treatments should be implemented early 
in the disease before irreversible tissue damage has 
taken place. Local-field external radiotherapy is the 
recommended treatment of one to a few painful 
bony metastases, while systemic radionuclide ther-
apy and wide-field radiotherapy are  recommended 
for patients with multiple painful skeletal  metastases. 

The latter two may also be administered with pro-
phylactic intent. Single fraction radiotherapy is as 
effective as multiple fraction therapy in relieving 
metastatic bone pain. Retreatment following single 
fraction treatment is needed somewhat more often; 
retreatment is equally effective. Toxicity caused by 
wide-field radiation may be more acceptable with 
fractionated schedules. The onset of pain relief fol-
lowing external radiotherapy varies from a few days 
to 4 weeks and the duration of pain relief is between 
3 and 6 months. The response rate seen following 
systemic radionuclide therapy is similar to that seen 
after external beam radiotherapy. Treatment is well 
tolerated, with the exception of mild myelotoxic-
ity. Systemic radionuclide therapy seem to be more 
effective in treating osteosclerotic and mixed skeletal 
metastases. The onset of pain relief takes 2–4 weeks. 
Radiotherapy is a useful tool in treating pain caused 
by soft tissue tumors, even though this is less well 
documented.

Pain relief provided by bisphosphonates is mod-
est at most. The evidence is best documented for 
myeloma and breast cancer, i.e. in osteolytic or mixed 
metastases. The pain-relieving evidence for prostate 
and other solid tumors is insufficient (Table 24.1).

Table 24.1 Bisphosphonates in treatment of pain caused by bony metastases

Tumor type Reference Studies Results Evidence level

All tumor types Wong & Wiffen [50]
Rosen et al. [54]

Cochrane review
RCT

NNT 7 (95% CI 5–12)
OR 2.37 (95% CI 1.61–3.5)
No significant difference between 
pamidronate and zoledronic acid

B

Multiple 
myeloma

Djulbegovic et al. [52] Cochrane review NNT 11 (95% CI 7–28)
OR 0.59 (95% CI 0.46–0.76)

B

Breast cancer Pavlakis et al. [51] Cochrane review Six out of 10 studies demonstrated pain 
relieving effect of bisphosphonates. 
No significant difference between 
pamidronate and zoledronic acid 

B

Prostate cancer Yuen et al. [53]
Small et al. [69]
Saad et.al. [70]

Cochrane review
RCT
RCT

OR 1.54 (95% CI 0.97–2.44)
No significant difference between 
pamidronate and placebo, or zoledronic 
acid 4 mg and placebo

B

Other solid 
tumors

Rosen et al. [56] RCT No significant difference between 
zoledronic acid and placebo

C

OR, odds ratio; CI, confidence interval.
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Authors’ recommendations

Analgesics are the mainstay in treating cancer pain.
Determine if effective systemic oncologic treatment 
is available. 
Radiotherapy is effective for metastatic bone pain 
(A). External beam radiotherapy is very effec-
tive in relieving metastatic bone pain. The overall 
response rate is approximately 70–80% and the 
complete response rate is 30–60% (A). Single frac-
tion radiotherapy is as effective as multiple fraction 
radiotherapy in relieving metastatic bone pain (A). 
Retreatment is effective (B). Radiotherapy is effective 
in treating pain caused by soft tissue tumors (C/D).
Radio-isotopes are effective for metastatic bone 
pain (A). 
Bisphosphonates provide at best modest pain relief 
for patients with painful bony metastases (B); this 
effect is best documented for multiple myeloma 
and breast cancer (B).
There is insufficient evidence to support the pain-
relieving effect of bisphosphonates in prostate 
cancer (B)
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CHAPTER 25

Cancer pain: analgesics and co-analgesics

Rae Frances Bell
Pain Clinic/Regional Centre of Excellence in Palliative Care, Haukeland University Hospital, Bergen, Norway

Background

Pathophysiology
Pain due to malignancy may be both acute and 
chronic. Cancer patients commonly experience sev-
eral types of pain concurrently. In the majority of 
cases, one or more types of pain are caused by the 
cancer [1]. Tumor expansion can cause pressure on 
surrounding organs, while tumor infiltration into 
nerve plexi and bone, and damage of nerve tissue can 
cause neuropathic pain. Metastatic spread of cancer 
to bone is reported to be one of the most common 
causes of cancer pain [2]and may cause pain both at 
rest and on movement. Cancer patients may expe-
rience muscular pain due to rapid weight loss and 
other factors. They are potentially subject to painful 
adverse effects of treatment, such as joint pain fol-
lowing chemotherapy, painful mucositis, and acute 
and/or persistent neuropathic pain following radio- 
or chemotherapy. Cancer patients are often exposed 
to surgical interventions and experience acute and 
in some cases chronic postoperative pain [3]. In an 
international survey addressing cancer pain char-
acteristics, 71.6% of cancer patients with pain were 
judged to have nociceptive pain, 34.7% nociceptive 
visceral pain and 39.7% had neuropathic pain [1].

Neuropathic pain 
Neuropathic pain is difficult to treat with opio-
ids alone and usually requires adjuvant drugs such 

as tricyclic antidepressants (e.g. amitriptyline) or 
anticonvulsants (e.g. gabapentin or pregabalin). 
Refractory neuropathic pain requires other measures, 
such as adjuvant treatment with an NMDA receptor 
antagonist or anesthesiologic techniques such as spi-
nally administered local anesthetic as an adjuvant to 
opioid.

Intermittent or breakthrough pain 
Breakthrough pain is common in cancer patients, 
with bone pain, local tumor invasion in soft tissue, 
and brachial plexopathy most frequently reported 
[6]. Breakthrough pain usually occurs at the site of 
the background pain and the duration may vary from 
minutes to hours [7]. Intense, short-lasting pain epi-
sodes and movement-related pain are particularly 
difficult to treat effectively with analgesics. Normal-
release oral opioid or oral transmucosal fentanyl 
citrate have until recently been the most common 
pharmacologic treatment options for breakthrough 
pain. Different formulations/routes of administra-
tion of opioids such as the fentanyl buccal tablet [8] 
or adjuvants such as intranasal ketamine [9] are cur-
rently under investigation. 

The potential complexity of the cancer patient’s 
pain syndrome (see Table 25.1) underscores the 
importance of repeated clinical assessment and pain 
diagnosis, together with an individual treatment plan.

Prevalence, epidemiology and risk 
factors

Pain is common in patients with cancer. A literature 
review in patients with lung cancer found that pain 
affected 27% of outpatients (range 8–85%) and 76% 

Evidence-Based Chronic Pain Management. Edited by 
C. Stannard, E. Kalso and J. Ballantyne. © 2010 Blackwell 
Publishing.
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Table 25.1 Cancer pain. Modified from Bell et al. [27]

Examples of pain subtypes Possible pain mechanisms

Tumor related Sensitization of peripheral nociceptive primary afferents (tumor factors, e.g. enthothelin 
and prostaglandins, tumor-induced acidosis, inflammation-associated factors); 
entrapment and nerve injury; invasion of mechanically sensitive tissues (e.g. visceral pain); 
central sensitization

Metastatic soft tissue pain Peripheral sensitization due to inflammation. Hyperalgesia due to central sensitization

Metastatic bone pain Tumor-induced acidosis; injury or infiltration of sensory neurones that innervate the bone 
marrow; peripheral sensitization of nociceptors [4]; central sensitization [5] osteolysis, 
pathologic fracture, microfractures

Inflammatory (e.g. mucositis) Peripheral sensitization due to inflammation. Hyperalgesia due to central sensitization

Neuropathy  Nervous tissue compression or lesion leading to central sensitization. Degeneration 
of sensory neurones and sensitization of primary nociceptive afferents due to 
chemotherapeutic agents and release of cytokines [4] 

Muscle pain Tumor factors; central sensitization; bone metastases causing muscle spasm; muscle 
hypercatabolism; immobilization leading to muscle atrophy; increased muscular tension

Acute postoperative pain Acute nociception; peripheral sensitization; nerve damage; (central sensitization)

Chronic postoperative pain Central sensitization; nerve damage (peripheral sensitization)

of patients cared for by palliative care services (range 
63–88%) [10]. Pain was caused by cancer in 73% 
(range 44–87%) and by treatment in 11% (range 
5–17%). The most common type of pain was noci-
ceptive, while neuropathic pain accounted for 30%. 
A study using data from 1021 patients with advanced 
lung cancer who were enrolled in three randomized 
trials of chemotherapy found that 74% of patients 
reported some pain, with 50% of these stating that 
pain was affecting daily activities [11].

Interventions supported by 
evidence (ranked according 
to evidence level)

Very few interventions in cancer pain are well docu-
mented. Even the guidelines for cancer pain treat-
ment lack an evidence base. The current evidence for 
treatment guidelines and commonly used interven-
tions are discussed below.

World Health Organization pain ladder
The World Health Organization (WHO) three-
step ladder for cancer pain relief [12] advises that 
mild cancer pain should be treated with nonopioid 
 analgesics (paracetamol and/or nonsteroidal anti-
inflammatory drugs (NSAIDs)), moderate pain with 

the addition of weaker opioids, and strong pain with 
the substitution of stronger for weaker opioids. The 
utility of the second step on the ladder has been chal-
lenged, with suggestions to replace step two opioids 
with stronger opioids. Morphine is the ”gold stand-
ard” opioid for cancer pain. 

Although these guidelines are recommended and 
commonly followed, there is restricted evidence for this 
practice. A systematic review of studies evaluating the 
effectiveness of the ladder for cancer pain management 
included eight uncontrolled case series studies [13]. The 
conclusion was that the evidence did not permit estima-
tion of the effectiveness of the ladder, and the need for 
randomized controlled efficacy trials was emphasized. 
One prospective open-label 10-year study has assessed 
the course of treatment of 2118 cancer pain patients 
being treated according to WHO guidelines [14]. 

NSAIDs and paracetamol
A Cochrane qualitative systematic review published in 
2003, with the latest Medline search, concluded that 
NSAIDs are more effective than placebo for the short-
term treatment of cancer pain [15]. Forty-two trials 
with 3084 patients were included. Seven of eight trials 
that compared NSAIDs with placebo demonstrated 
that NSAIDs had superior efficacy with no difference 
in adverse effects. Clear evidence to support superior 
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safety or efficacy of one NSAID was lacking. Only one 
trial has compared paracetamol to placebo [16]. In 
this 6-hour cross-over study in 29 evaluable patients, 
there was no significant difference in effect between 
paracetamol and placebo. A randomized, placebo-
controlled, cross-over trial in patients with advanced 
cancer already receiving a strong opioid regimen 
found that pain and overall well-being were better for 
patients receiving paracetamol than for those receiv-
ing placebo [17]. 

It is important to note that the majority of stud-
ies on NSAIDs and paracetamol were of less than 
7 days’ duration, so that the conclusions cannot be 
generalized to long-term treatment of cancer pain. 
There do not appear to be any long-term studies of 
NSAIDs/paracetamol for cancer pain. It is important 
to remember that cancer patients are often at high 
risk of NSAID-related adverse effects. In general, for 
safety reasons, for daily treatment lasting more than 
1–2 weeks, paracetamol is to be preferred. If NSAIDs 
are used for long-term treatment then the lowest 
effective dose should be used, and co-treatment with 
a gastroprotective agent (for example, omeprazole) is 
recommended.

Opioids 
Morphine has been shown to be superior to placebo 
in patients with noncancer-related neuropathic pain 
(postherpetic neuralgia (PHN), painful diabetic neu-
ropathy (PDN) and phantom limb pain), while oxy-
codone has been investigated in relation to PHN and 
PDN and found to have a similar number needed to 
treat (NNT) to morphine: 2.5 (95% confidence inter-
val (CI) 1.9–4.1) [18].

However, although oral morphine is the “gold 
standard” opioid for the treatment of cancer pain, it 
is surprising how few placebo-controlled trials have 
been performed. In a methodologic review of trials 
investigating oral opioids for cancer pain, only one 
trial had a placebo control, while another trial had a 
placebo control in the pilot phase of the study [19]. 
In the first of these trials which investigated the effect 
of a loading dose of morphine elixir added to the 
first dose of slow-release morphine tablets, a total of 
9 patients were treated with a single dose of placebo, 
the study duration being 12 hours [20]. In the pilot 
phase of the second trial, where three different for-
mulations of slow-release morphine were compared 

to placebo for 7±1 days, a total of 4 patients received 
placebo treatment [21]. In the majority of the tri-
als included in this review morphine was used as an 
active comparator. The assumption for using mor-
phine in this way is that it has previously been found 
effective in cancer pain compared to placebo. But is 
this the case?

A Cochrane review concluded that oral morphine 
is effective for cancer pain [22]. This review attempted 
to bring all the literature together and included data 
from randomized trials, including open-label tri-
als. The authors remarked that the majority of trials 
are equivalency studies designed to show that differ-
ent formulations of morphine have the same effect, 
and that this makes it difficult to extract information 
on the effectiveness of morphine per se. Furthermore, 
they underlined that it is unclear whether the trials 
are sufficiently powered to detect a clinically mean-
ingful difference between treatments. Although the 
Oxford Quality Scale scores were generally high, 
with a median of 4, it was noted that the quality of 
reporting was disappointing, especially in regard to 
assessment of pain and pain relief. The trials in this 
Cochrane review were not scored for validity, and the 
relevance of a placebo control for the demonstration 
of efficacy is not specifically addressed.

In a second Cochrane review [23], 11 trials investi-
gating hydromorphone in cancer pain were included, 
all of which used an active comparator. A recent 
quantitative systematic review on oxycodone for 
cancer pain [24] found no placebo-controlled trials. 
A Cochrane review on methadone for cancer pain 
identified five randomized, double-blind trials all of 
which used an active comparator [25]. An Agency for 
Healthcare Research and Quality (AHRQ) Evidence 
Report [26] looking at the relative efficacy of anal-
gesics in cancer pain described the need for placebo 
controls in order to avoid overestimation of treat-
ment effects, at the same time noting that placebo 
controls in cancer pain trials are “rare.” Table 25.2 is 
a summary of placebo-controlled trials investigating 
stronger opioids for cancer pain.

Unless there is an as yet unaccessed body of data, 
these findings raise interesting questions regarding 
the current efficacy data for oral opioids in cancer 
pain. Even though opioids appear clinically effective 
for cancer pain, the question of how effective is not 
resolved by the literature. Morphine is accepted as the 
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gold standard for cancer pain treatment but placebo-
controlled efficacy data in cancer pain are lacking. 

Opioids for breakthrough pain
A Cochrane review published in 2006 concluded that 
there is evidence that oral transmucosal fentanyl cit-
rate (OTFC) is an effective treatment in the manage-
ment of breakthrough pain [33]. Four studies with 393 
participants were included. Only one trial compared 
OTFC to placebo. The literature was small and no 
trials for other opioids were found. One randomized 
double-blind, placebo-controlled trial published the 
same year investigated fentanyl buccal tablet (FBT) 
(100–800 µg) for breakthrough pain in cancer patients 
[34]. FBT is an effervescent formulation which has 
enhanced rate and extent of uptake of fentanyl com-
pared to OTFC. This trial of short duration found the 
fentanyl buccal tablet to be safe and efficacious.

Antidepressants for neuropathic pain, 
with special reference to cancer pain
A Cochrane review on antidepressants for neuropathic 
pain with final search in December 2004 found that 
antidepressants are effective for the treatment of neu-
ropathic pain, with the best evidence being for tricyclic 
antidepressants, with amitriptyline having a NNT of 2 
(CI 1.7–2.5) [35]. Two small placebo- controlled stud-
ies on postoperative neuropathic pain after breast can-
cer treatment were included in this review. In the first 
study, a randomized cross-over trial which enrolled 
20 patients, amitriptyline 100 mg provided significant 
pain relief; however, adverse effects such as tiredness 
compromised treatment and caused four patients to 
discontinue the trial [36]. In the second study which 
was also a cross-over study and included 15 patients, 
venlafaxine 75 mg gave some pain relief and no sig-
nificance in adverse effects compared to placebo [37]. 

Table 25.2 Randomized, double-blind trials in cancer pain patients comparing stronger opioid with placebo. Modified 
from Bell et al. [27] 

Study n � Drug Route Duration Comments

Houde et al. [28] 67 (placebo: 28) Morphine IM 6 hours Double-blind

Stambaugh et al. 
[16]

20 Butorphanol
(acetaminophen)
(B � A)

po Up to 6 hours Single dose

Stambaugh et al. 
[29]

30 Meperidine
Hydroxyzine
M � H

IM 4 days, 1 treatment 
per day

Single dose

Stambaugh et al. 
[30]

60 (3 groups) Dezocine
Butorphanol

IM 7 days Double-blind
Single and multiple 
dose study

Stambaugh et al. 
[31]

43 (40 evaluable) Ciramadol 
Codeine

po 6 hours Double-blind
Single dose
Cross-over

Hoskin et al. [20] 20 (19 evaluable) 9 
treated with placebo

Morphine po 12 hours Double-blind

Broomhead et al. 
[21]

172 (152 final day 
efficacy data)
4 treated with placebo

Morphine po First phase (placebo 
control): 7 � 1 days)

Double-blind
Placebo control only 
in first phase of study 

Farrar et al. 
[32]

92 (89 assessable, 
treated with at least 
one unit of OTFC and 
one unit of placebo)

Fentanyl citrate 
(OTFC)

OTM Titration period � 10 
randomly ordered 
treatment units 
(Pain evaluated for 
60 minute period)

Double-blind
Breakthrough
pain

IM, intramuscular; po, oral; OTM, oral transmucosal.
Sources: AHRQ [26], Wiffen et al. [22], Quigley [23], Reid [24] and Bell [19]. In addition, searches were performed on PubMed with limits 
“randomized controlled trial” and search terms “fentanyl AND placebo and cancer” / “methadone AND placebo AND cancer.”
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A second systematic review on drug treatment of 
neuropathic pain included 105 studies [18]. Cancer 
pain studies are not specifically described in this 
review. In peripheral neuropathic pain, the lowest 
NNT was for tricyclic antidepressants, while there 
were limited data for central neuropathic pain.

Two recent randomized placebo-controlled trials 
have reported duloxetine to be effective and well toler-
ated as a treatment for PDN [38,39]. In the first of these 
trials, 344 of 457 randomized patients completed the 
12-week study period. Duloxetine 60 and 120 mg/d were 
found to improve pain measures, with a NNT of 4.1 (CI 
2.9–7.2), and to improve daily functioning as measured 
by the Brief Pain Inventory and quality of life measures. 
Patients with psychiatric disorders, including general-
ized anxiety disorder and/or major depressive disorder, 
and patients with mixed pain disorders were excluded 
from this trial. In the second trial which had similar 
conclusions, 248 of 334 randomized patients completed 
the 12-week study period. Since tricyclics are generally 
poorly tolerated by elderly patients, mainly due to anti-
cholinergic adverse effects, duloxetine may be a more 
suitable drug for the treatment of neuropathic pain in 
this patient group. As yet, trials on duloxetine for neuro-
pathic pain in the elderly and in cancer pain are lacking.

Anticonvulsants for neuropathic pain, 
with special reference to cancer pain
A Cochrane review from 2005 found that gabapentin 
is effective for PHN and PDN, but does not appear 
to be superior to carbamazepine, which is a cheaper 
option [40]. A Cochrane review on gabapentin for 
acute and chronic pain concludes that there is evi-
dence that gabapentin is effective in neuropathic pain 
and that approximately two-thirds of patients who 
take either carbamazepine or gabapentin can expect 
to achieve good pain relief [41]. Fifteen trials (14 pub-
lished reports, one reporting on two trials) with 1468 
participants were included. Only one study concerned 
cancer-related neuropathic pain [42]. This was a 
10-day randomized, double-blind, placebo- controlled 
trial in 121 patients where gabapentin was added 
to existing analgesic treatment. The trial concluded 
that gabapentin is effective in improving analgesia in 
patients with neuropathic pain already treated with 
opioids, However, the trial was of short duration and 
the magnitude of effect limited compared to  placebo 
[43]. Although pregabalin is currently used for the 

treatment of neuropathic cancer pain, there are as yet 
no published trials on this treatment.

Finnerup et al. performed a systematic review on 
randomized double-blind placebo-controlled trials 
of treatment for neuropathic pain [18]. This review 
found that gabapentin has documented moderate 
effect on pain and quality of life measures includ-
ing mood and sleep disturbance in mixed neuro-
pathic pain states, PHN, PDN and spinal cord injury. 
Pregabalin in PHN and PDN was found to have a 
combined NNT of 4.2 (CI 3.4–5.4) for doses from 
150 mg to 600 mg, comparable to the effect of gabap-
entin. A subsequent large, randomized study found 
pregabalin to be effective in PHN and PDN with a 
NNT of 3.8 (CI 2.6–7.3) [44]. 

NMDA receptor antagonists for 
neuropathic pain
The oral NMDA receptor antagonists memantine, 
dextromethorphan and riluzole have been studied 
mainly in small trials in neuropathic pain with lit-
tle or no effect [18]. Randomized placebo-controlled 
trials in cancer pain are lacking.

Ketamine as an adjuvant to opioids 
for cancer pain
It is apparent from the literature that this is a com-
mon treatment for refractory cancer pain. However, 
trials are lacking. A Cochrane review published in 
2003 found insufficient evidence to support the use 
of ketamine as an adjuvant to opioids for cancer pain 
[45]. Only two small placebo-controlled trials with a 
total of 30 patients could be included. One study with 
a duration of 3 hours examined the effect of an intra-
venous bolus of ketamine [46]. The second trial was 
of longer but unspecified duration, and investigated 
the co-administration of intrathecal ketamine with 
intrathecal morphine [47]. This review was updated 
in 2007 and did not identify additional randomized, 
controlled trials.

Systemic local anesthetics for 
neuropathic pain, with special 
reference to cancer pain
Two systematic reviews have addressed the effect of sys-
temic local anesthetics in chronic pain. The first review, 
published in 1998, included 17 trials, of which three 
concerned cancer pain [48]. Two small cross-over trials 
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with 10 patients in each trial investigated the effect of 
lidocaine 5 mg/kg IV infusion on neuropathic cancer 
pain [49, 50]. One small trial investigated pain due to 
bony metastases [51]. Lidocaine 5 mg/kg IV infusion 
was found to have no significant effect compared to 
placebo in all three trials. The review concluded that 
systemic local anesthetics may have an effect in certain 
types of neuropathic pain, but that cancer-related pain 
does not seem to respond to this treatment if given in 
conditions when other strong analgesics are already 
used. It was suggested that this could also be due to 
the fact that most difficult cancer-related pains are not 
purely neuropathic.

A qualitative and quantitative Cochrane review 
on systemic local anesthetics for neuropathic pain 
published in 2005 found that intravenous lidocaine 
and oral mexiletine are more effective than placebo 
in relieving chronic neuropathic pain in selected 
patients [52]. This review did not identify additional 
trials in cancer pain.

Spinal (epidural and intrathecal) treatment 
of cancer pain

Local anesthetics
Prospective, randomized double-blinded placebo-
controlled trials of intrathecal or epidural local anes-
thetics for cancer pain are lacking.

Opioids
Prospective, randomized double-blinded placebo-
controlled trials of intrathecal or epidural opio-
ids for cancer pain are lacking. The few prospective 
studies compare different routes of administration 
and are without placebo control. A Cochrane review 
published in 2005 which investigated the efficacy of 
epidural, subarachnoid and intracerebroventricular 
opioids in patients with pain due to cancer did not 
retrieve any controlled trials [53].

Clonidine
One randomized double-blinded placebo-controlled 
trial on epidural clonidine included 85 patients with 
severe cancer pain despite large doses of opioids [54]. 
This trial concluded that epidural clonidine 30 µg/h 
may provide effective relief for intractable cancer 
pain, particularly neuropathic pain.

Ketamine
One small randomized double-blind placebo-controlled 
trial has investigated the effect of intrathecal ketamine 
as an adjuvant to opioid in refractory cancer pain [55]. 
This study found that ketamine had a morphine-spar-
ing effect. The use of spinal ketamine is generally not 
advised due to unclear toxicity issues [56].

Ziconotide
Ziconotide is a synthetic analog of a conotoxin pep-
tide which is a selective, potent and reversible blocker 
of neuronal N-type voltage-sensitive calcium chan-
nels and which has been introduced as a novel non-
opioid treatment of chronic pain. One multicenter 
randomized, double-blind placebo-controlled trial 
of intrathecal ziconotide in patients with cancer or 
AIDS included 111 patients with refractory pain [57]. 
This trial concluded that intrathecal ziconotide pro-
vided clinically and statistically significant analgesia 
in this patient population. The trial was subsequently 
criticized due to short (2-week) follow-up, concerns 
about blinding, and duplicate publication [58, 59].

Capsaicin in neuropathic pain, with 
special reference to cancer pain
Topical capsaicin cream has been found to relieve 
pain in PHN, nerve injury pain and mixed neu-
ropathic pain conditions [18]. One randomized 
 placebo-controlled trial in 99 cancer patients found 
that topical capsaicin cream decreased postsurgical 
neuropathic pain [60].

The future: how to produce 
evidence of effectiveness

There is a general lack of efficacy data for the long-
term treatment of cancer pain with analgesics and 
co-analgesics. This is not surprising, given the dif-
ficulty of doing good scientific research in seriously 
ill patients who commonly have multiple unpleasant 
symptoms and a short life expectancy.

Treatments which are commonly used but which are 
not scientifically documented include the following.

Corticosteroids
Treatment with corticosteroids is used for the relief of 
pain due to nerve compression, headache due to raised 
intracranial pressure and liver capsule distension pain. 
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There is very little documentation concerning this 
treatment. A 14-day randomized, placebo-controlled 
trial compared oral methylprednisolone with placebo 
for the relief of pain and other symptoms in 40 termi-
nally ill cancer patients and found that 32 mg methyl-
prednisolone daily increased the comfort of terminally 
ill cancer patients [61].

Neuroleptics
Chlorpromazine and levomepromazine (methotrime-
prazine) are often used as adjuvant analgesics. This is 
principally due to therapy traditions rather than sci-
entific documentation. The use of neuroleptics in 
pain relief is controversial due to their prominent 
adverse effects. Olanzapine is reported to have fewer 
adverse effects than traditional neuroleptics. A lim-
ited number of case studies in cancer pain report that 
adjuvant treatment with olanzapine decreased pain 
and opioid requirements [62]. Randomized, control-
led trials are lacking. 

There is a need for well-conducted trials of analge-
sics and co-analgesics in cancer pain. Since patients in 

pain respond to placebo, we need placebo-controlled 
trials to reliably determine analgesic and co-analgesic 
efficacy. Many researchers consider that it is unethi-
cal to use a placebo control in trials of cancer pain. 
However, it is common to use placebo controls in 
both acute pain and chronic pain trials. While it is 
not feasible to use a placebo control in all cancer pain 
studies, it is possible in certain types of trial. Patients 
treated with stronger opioids cannot be randomized 
to a placebo group. However, patients using weaker 
opioids may well be randomized to a placebo group. 
Almost half of the studies included in the meth-
odologic review on oral opioids recruited patients 
being treated with WHO step 2 (weaker) opioids 
[19]. In these studies, it would have been possible to 
include a placebo arm, providing the patients had 
free access to normal-release opioids as rescue medi-
cation, and using consumption of rescue medica-
tion as the primary outcome measure. This type of 
study should have a limited duration, for example 14 
days, and should not present ethical problems since 
the treatment is similar to the clinical treatment of 

Table 25.3 Commonly used analgesics/co-analgesics

Analgesic/co-analgesic Evidence
level

Comments

Supported by evidence

NSAIDs I Long-term treatment not documented. 

Tricyclic antidepressants* I Documented for neuropathic pain in general, not cancer pain specifically

Opioids* I Documented for chronic noncancer pain, but not for cancer pain. Currently 
problematic literature. Only one trial where oral morphine is compared to 
placebo. Small trials, short duration, methodologic weaknesses

Anticonvulsants* (gabapentin, 
pregabalin, carbamazepine)

I Documented for neuropathic pain in general, not cancer pain specifically

Currently unproven
Paracetamol One 6-hour placebo-controlled cross-over trial in cancer pain (n � 29) 

found no difference between paracetamol and placebo [16]. One placebo-
controlled RCT found paracetamol an effective adjuvant to opioid in cancer 
pain [17] 

Ketamine Two placebo-controlled RCT [46, 47]. Both trials demonstrated improved 
analgesia with ketamine. Small number of patients, differing routes of 
administration

Corticosteroids RCT lacking

Neuroleptics RCT lacking

* Randomized placebo-controlled trials in cancer pain lacking.
RCT, randomized controlled trials.
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breakthrough pain, and would be expected to give 
satisfactory pain relief. The ethics of using a placebo 
control in this kind of design should be compared to 
the potential ethical dilemma of exposing seriously ill 
patients to trials which do not produce reliable results 
due to lack of power or sensitivity, or other methodo-
logic problems.

A number of other methodologic problems were 
identified in the oral opioid trials, including low trial 
sensitivity, too small trial size and lack of standardized 
measures of efficacy. It is important to know which 
type of pain is being treated. There should be a com-
mon definition of analgesic efficacy. Psychologic fac-
tors can influence the experience of pain and should 
be assessed and reported. A number of other factors 
have the potential for influencing analgesic response, 
and future research should involve identifying and 
controlling for such factors.

Conclusion

In conclusion, there is a clear need for standardization 
and uniformity of design and reporting of trials of 
analgesics for cancer pain. Trials must be designed to 
produce reliable results. This cannot be accomplished 
by a single researcher, but requires the collaboration 
of experts in several fields. For example, a consensus 
meeting to establish a standard opioid trial design has 
been suggested [19]. Standardization of trial design 
would help researchers to plan trials, improve study 
quality and validity and enable the combination of 
data from separate trials.

Given the fact that the documentation of proven 
efficacy is poor even for opioids in the management 
of cancer pain, the question of whether conclusions 
from analgesic studies in chronic noncancer pain may 
be extrapolated to cancer pain is highly relevant.

Author’s recommendations

The proven effectiveness of analgesics and co-analgesics 
for cancer pain is poorly documented.  Efforts should 
be made to establish efficacy of current treatments.  In 
the absence of such evidence, data from trials in other 
patient populations, for example non-malignant neu-
ropathic pain, may be helpful.
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Psychologic interventions for cancer pain

Francis J. Keefe, Tamara J. Somers and Amy Abernethy
Duke University Medical Center, Durham, NC, USA

Introduction
Recently, there has been growing interest in the role 
of psychosocial variables in understanding how indi-
viduals cope with disease-related pain conditions such 
as cancer pain [1, 2]. Much of the interest in this area 
has been generated by the possibility that psychoso-
cial treatment protocols designed to enhance coping 
efforts may be useful in managing disease-related pain 
[1]. Over the past two decades, a growing number of 
randomized clinical trials have tested the efficacy of 
psychosocial protocols for managing cancer pain.

The goal of this chapter is to analyze the evidence 
base for psychosocial approaches to cancer pain. The 
chapter is divided into three sections. In the first sec-
tion, we describe the conceptual background for psy-
chosocial approaches to cancer pain. In the second 
section, we summarize empirical evidence on the effi-
cacy of three psychosocial protocols that have been 
used in the management of cancer pain: imagery and 
hypnosis-based cognitive behavioral therapy (CBT), 
comprehensive CBT, and education-focused interven-
tions with brief CBT. In the final section we highlight 
important clinical and research issues related to the 
psychosocial management of cancer pain. 

Conceptual background
Cancer pain is typically understood and treated using 
a strictly biomedical model. The primary focus of the 
biomedical model is on pain and methods of pain 

relief. The efficacy of the biomedical model is thus 
based on its ability to produce improvements in pain. 
The biomedical model maintains that pain is a symp-
tom of underlying tissue damage or injury. There are 
a number of possible sources of tissue damage or 
injury in cancer patients. Tissue damage might be due 
to cancer itself, for example caused by a malignant 
tumor pressing on a nerve root. Alternatively, medical 
or surgical interventions designed to treat cancer may 
produce pain. Persistent neuropathic pain, for exam-
ple, is common following administration of certain 
cancer chemotherapy treatment protocols. Radiation 
therapy can dry or thicken tissues and cause persistent 
pain. Surgical removal of a tumor may cause nerve 
damage or swelling that produces persistent pain. 

The biomedical model ideally seeks to treat can-
cer pain by identifying and eliminating its underly-
ing cause. In some patients, surgical treatment of a 
cancerous tumor effectively alleviates pain. In many 
cancer patients, however, the underlying biologic fac-
tors contributing to pain are multiple and difficult, if 
not impossible, to eliminate. In such cases, the cen-
tral goal of treatment is managing pain symptoms by 
modifying biologic mechanisms (e.g. inflammation, 
nerve damage) that contribute to pain. Opioid medi-
cations are the mainstay of cancer pain management 
and are used in most patients whose pain persists [1]. 
Opioids are often supplemented by other medica-
tions such as anticonvulsants, psychotropic agents, 
and corticosteroids. Pain that is refractory to medical 
management may be treated with specialized surgical, 
radiation or chemotherapy protocols. 

Although the biomedical model is useful in 
understanding and treating cancer pain, it does have 
problems [1]. First, cancer pain can be persistent 
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and disabling even when optimal biomedical pain 
management is provided. Second, commonly used 
biomedical treatments such as opioids have side 
effects (constipation, drowsiness) that are sometimes 
difficult to manage and poorly tolerated by patients. 
Third, the biomedical approach tends to minimize 
the important role that psychologic factors (e.g. 
helplessness) and social factors (e.g. social support) 
can play in the experience of pain. 

Psychosocial approaches to cancer pain are based 
on a biopsychosocial model of pain. The primary 
focus of the biopsychosocial approach is on enhanc-
ing adjustment to pain. Treatments based on this 
model seek to produce not only improvements in 
pain, but also improvements in other important indi-
ces of adjustment to pain such as psychologic distress 
and physical function. 

The biopsychosocial model of cancer pain main-
tains that adjustment to cancer pain is complex and is 
influenced not only by the biologic factors highlighted 
in the biomedical model, but also by psychologic fac-
tors and social factors. Converging lines of evidence 
suggest that several psychologic and social factors are 
especially important in understanding adjustment to 
cancer pain [1]. First, self-efficacy or the confidence 
that one has the ability to control pain has emerged 
as one of the most important psychologic factors in 
understanding pain [3]. Research has shown that can-
cer patients who report high levels of self-efficacy for 
pain control report much lower levels of pain, physi-
cal disability, and psychologic distress [4 –  6]. Second, 
there is evidence that patients who engage in pain 
catastrophizing show much poorer adjustment to 
pain [7]. Pain catastrophizing refers to the tendency 
to ruminate upon and magnify the threat value of 
pain sensations. Cancer patients who engage in pain 
catastrophizing not only report higher levels of pain, 
but also experience much higher levels of anxiety and 
interference with daily activities due to pain [8, 9]. 
Third, recent evidence suggests that cancer patients 
who hold back on sharing their concerns about pain 
or who are unwilling to express emotions related to 
the cancer experience are more likely to experience 
high levels of pain and lower quality of life [10]. 
Finally, there is evidence that social factors can influ-
ence adjustment to pain [1]. Cancer patients whose 
spouse is supportive are more likely to experience bet-
ter adjustment to pain, whereas those whose spouses 

are critical or punishing are more likely to experience 
increased pain and emotional distress [11].

The biopsychosocial model is useful not only in 
understanding cancer pain but also in developing 
treatment protocols to enhance adjustment to pain. 

Efficacy of psychosocial 
interventions

The vast majority of randomized clinical trials of psy-
chosocial interventions have tested cognitive behav-
ioral treatment (CBT) protocols. These protocols 
systematically teach patients cognitive and behavioral 
strategies for altering psychologic and social factors 
related to cancer pain and adjustment. To determine 
the efficacy of cognitive behavioral protocols for 
cancer pain, we recently conducted a meta-analysis 
[12]. A total of 21 trials of CBT protocols involving 
2296 participants were included in the meta-analy-
sis. CBT protocols were effective in reducing pain in 
65% of the studies with an overall average effect size 
of 0.232 (95% confidence interval (CI) 0.072 – 0.392;
P � 0.004). In our meta-analysis we examined the 
efficacy of CBT across three different types of CBT 
interventions: imagery and hypnosis-based CBT, 
comprehensive CBT, and education-focused interven-
tions with brief CBT. For each of these different types 
of CBT interventions, we provide a brief description, 
summarize several illustrative studies, and briefly 
comment on efficacy and ways in which the protocol 
could be improved.

Imagery- and hypnosis-based CBT

Description
Hypnosis, which induces a state of focused concentra-
tion and suspended peripheral awareness, allows the 
patient to experience relaxation, nonjudgmental atti-
tude, suggestibility, dissociation, and altered time and 
space perception. In leading the patient through hyp-
nosis, a trained therapist verbally guides the individual 
to a calm and peaceful state of awareness, refocusing 
energy away from the source of distress and facilitat-
ing a healing process. Imagery, a less passive form of 
hypnosis, encourages the patient to refocus his/her 
attention away from the pain itself onto, for example, 
a safe and pleasant place or an image associated with 
health, strength, safety, and capability. Unlike with 
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hypnosis, the therapist utilizing imagery guides the 
experience but the patient creates the specific visual 
or perceptual images. Both modalities usually start 
with relaxation training, and both can be learned by 
patients for self-use. Because of their similarity, it is 
often difficult to distinguish between hypnosis and 
imagery in the pain management research construct 
and literature.

Illustrative studies
Research studies have demonstrated that hypno-
sis and imagery are effective in the management of 
cancer pain, and particularly so for acute procedural 
pain [13]. In a compelling randomized trial of 80 
children undergoing lumbar punctures for hemato-
logic malignancies, the groups who underwent hyp-
nosis or guided imagery peri-procedure (n � 40) 
experienced less pain, anxiety, and behavioral distress 
than did those who were randomized to distraction
(n � 20) or control (n � 20) [14]. Several years ear-
lier, the same investigators had demonstrated that 
children undergoing bone marrow biopsy experi-
enced less pain when hypnotized or exposed to cog-
nitive behavioral coping skills than when receiving 
usual treatment (n � 30; 1:1:1 randomization) [15]. 
A trend was noted in this study for hypnosis to be 
superior to CBT (P � 0.20). These results reinforced 
those of prior studies in the same area [16, 17].

Experiences for adults using hypnosis and/or 
imagery to manage acute cancer-related pain are 
similar to those of children. Women randomized to 
receive hypnosis prior to breast biopsy had less post-
surgical pain and distress than did those randomized 
to the standard care arm (n � 20: 1:1 randomization) 
[18]. According to a randomized study by Syrjala et al.
[19], acute mucositis pain associated with bone 
marrow transplant could be mitigated with hypno-
sis, whereas CBT was not effective in alleviating this 
symptom. The hypnosis protocol used in this study 
was characterized by relaxation and patient-directed 
imagery prior to the transplant; the authors later 
changed the name of their intervention to “imagery 
with relaxation” in order to avoid patients’ negative 
connotations with the word “hypnosis.” A 1995 fol-
low-up study by the same team involved 94 partici-
pants and found that relaxation and imagery training 
with or without cognitive behavioral skills training 
led to reduced pain relative to controls, despite higher 

mucositis severity for the intervention groups [20]. 
The investigators concluded that cognitive behavioral 
skills training did not provide benefit over relaxation 
and imagery training alone. 

The role of hypnosis and imagery in chronic malig-
nant cancer pain, while less clear, is still promising. 
Spiegal & Bloom [21] randomized 58 women with 
metastatic breast cancer to weekly group therapy 
with or without hypnosis. The hypnosis component 
lasted 5 – 10 minutes and taught patients not to fight 
the pain and to imagine, in the place of their pain, 
competing positive sensations in the affected area. 
Hypnosis plus group therapy lead to less pain sensa-
tion (P � 0.02) and pain suffering (P � 0.03); the 
groups did not differ in terms of pain frequency or 
duration. An obvious limitation of this and other 
studies of hypnosis and imagery is the fact that they 
are not recent. Such studies bear repeating in contem-
porary clinical settings and populations, in order to 
ensure that the evidence basis is up to date and rel-
evant to patients today.

Comment
In our meta-analysis of CBT interventions we iden-
tified seven randomized clinical trials testing the 
efficacy of imagery and hypnosis-based CBT inter-
ventions for cancer pain. Statistically significant 
effects of imagery- and hypnosis-based CBT on pain 
were found in 86% of studies. The mean effect size 
of these interventions was statistically significant 
(mean 0.419; CI – 0.059 to 0.770; P � 0.023). Overall, 
imagery and hypnosis-based CBT are effective for 
reducing acute pain in pediatric and adult cancer 
patients, especially children undergoing short-lived 
procedures and adults receiving bone marrow trans-
plants. Chronic malignant pain is also likely respon-
sive to hypnosis and imagery, but repeat studies are 
warranted to firmly establish the impact, effect size, 
and role of these modalities in the management of 
chronic cancer pain. 

While cancer pain management appears to be an 
important area of potential impact for the hypnosis 
practitioner, the value of hypnosis- and imagery-
based techniques has yet to be realized by the can-
cer pain community and their role has yet to be 
established and integrated into routine clinical care 
for cancer pain patients. Necessary next steps in 
advancing these interventions into practice include:
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(1) investigation of barriers to uptake, such as the 
patient and provider associations with terms identi-
fied by Syrjala and colleagues; (2) strengthening of 
the evidence basis through additional studies, particu-
larly investigating the use of hypnosis and imagery for 
chronic cancer pain management; and (3) dissemina-
tion of research findings in well-respected and broadly 
circulated journals that reach practicing clinicians.

Comprehensive CBT

Description
Comprehensive CBT protocols train cancer patients 
in a variety of skills for coping with pain. In addition 
to relaxation training, these protocols often provide 
training in imagery, activity pacing, goal setting, cog-
nitive restructuring, and problem solving. In com-
prehensive CBT, imagery typically centers on having 
the patient imagine a pleasant scene. Activity pacing 
teaches the patient to avoid overactivity that can lead 
to extreme pain by breaking down the day into peri-
ods of moderate activity and limited rest. In goal set-
ting, patients are taught how to set and then monitor 
the attainment of realistic and meaningful short- and 
long-term goals. Cognitive restructuring teaches the 
patient how to identify and challenge overall negative 
thoughts (e.g. “I’ll never be able to cope with pain,”
“I am a burden on my family”) that work against 
their abilities to manage pain. Problem solving 
helps the patient to identify challenging problems
(e.g. coping with a pain flare), generate strategies to 
manage the problem, and evaluate the effectiveness 
of implemented strategies. Comprehensive CBT pro-
tocols are based on a skills model that emphasizes the 
importance of practicing these skills and incorporat-
ing them into everyday life. 

Illustrative studies 
Syrjala conducted one of the first studies examining 
the impact of a comprehensive CBT protocol on pain 
related to bone marrow transplants [20]. The compre-
hensive CBT protocol included training in relaxation, 
imagery, cognitive restructuring, distraction, and goal 
setting. In this study, patients receiving comprehen-
sive CBT reported significantly less pain than those 
in a usual care control condition. Berglund et al. [22] 
delivered a comprehensive CBT protocol that included 
an exercise component to a mixed sample of cancer 

patients. Patients receiving the comprehensive CBT 
intervention reported better pain control for up to 6 
months following the intervention. They also reported 
increases in strength.

Little is known about how tailoring treatment to 
an individual or including a significant other in treat-
ment might produce additional treatment benefits. 
Dalton et al. [23] compared standard comprehensive 
CBT to a comprehensive CBT protocol that was tai-
lored to individual needs. Tailored CBT provided bet-
ter outcomes immediately after treatment, standard 
CBT provided more favorable outcomes 6 months 
following treatment, and both groups were superior 
compared to usual care. 

Keefe and colleagues [24] addressed whether a 
partner-guided comprehensive CBT protocol could 
benefit cancer patients who were at the end of life 
(n � 78). The intervention combined educational 
pain information with training of patients and part-
ners in cognitive and behavioral pain-coping skills. 
Following treatment, partners receiving the CBT 
intervention reported significantly higher ratings of 
self-efficacy for helping their partner control pain 
and manage other physical symptoms than patients 
in the control condition. Partners receiving CBT also 
reported significant decreases in caregiver strain. 
The CBT protocol had no significant effects on pain 
ratings in this very sick, terminally ill population. 

Comment 
In our meta-analysis of CBT interventions we identi-
fied seven randomized clinical trials testing the efficacy 
of comprehensive CBT interventions for cancer pain. 
Statistically significant effects of comprehensive CBT 
on pain were found in 43% of studies. The mean effect 
size of these interventions did not reach statistical sig-
nificance (mean 0.148; CI – 0.151 to 0.446; P � 0.33).

Although our meta-analysis suggest that studies of 
comprehensive CBT for cancer pain, as a group, fail to 
have significant effects on pain, the illustrative stud-
ies cited above suggest that this approach to CBT has 
several advantages. First, since comprehensive CBT 
encompasses a variety of skills, this approach can be 
tailored to address the patient’s specific pain-related 
problems. Second, many of the coping skills taught in 
comprehensive CBT can help patients not only man-
age their pain, but also cope with other problems they 
might be experiencing (e.g. other cancer symptoms, 
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emotional distress or problems with engaging in daily 
activities). Finally, involving a partner or family mem-
ber in comprehensive CBT may provide benefits to 
both the patient and the partner or family member. 

In addition, as we have noted [12], there are several 
methodologic issues that arise when comparing stud-
ies of comprehensive CBT. These include questions 
about the appropriate “dosage” of intervention, train-
ing of provider delivering treatment (psychologist ver-
sus nonpsychologist), small sample sizes, and the type 
of cancer pain that is treated (acute versus chronic). 
Perhaps the greatest difficulty in comparing trials of 
comprehensive CBT for cancer pain is that the com-
bination of behavioral and cognitive pain skills taught 
varies across studies, making it difficult to evaluate 
which combinations are most effective. 

Education-focused interventions
with brief CBT

Description
Over the past 10 years, patient educators working 
with cancer patients have begun to incorporate some 
CBT methods into their educational protocols. In 
most cases, the focus of these protocols remains on 
providing patients with information on cancer pain, 
e.g. educational information causes of pain, keeping 
records of pain, pharmacologic treatments (types, 
doses, side effects), and communicating about pain 
with health professionals. The major assumption of 
these protocols is that when a cancer patient gains a 
better understanding of educational information, they 
can become a more active participant in their own pain 
management [12]. In these protocols, exposure to CBT 
methods is usually brief and consists of information 
on the value of nonpharmacologic treatments such as 
CBT in self-management and brief training in one or 
more CBT methods (e.g. relaxation training). 

Illustrative studies
Dalton [25] conducted one of the first studies to test 
an educational-focused intervention with brief CBT. 
She randomized cancer patients having pain to an 
experimental education condition or a control condi-
tion. The education condition consisted of a 1-hour 
session that provided extensive information about the 
nature and medical management of pain along with 
brief training in breathing-based relaxation and the 

use of music as a distraction. A 10-minute phone call 
was made 7–10 days after the educational session to 
reinforce what was taught. Results indicated signifi-
cant improvements in knowledge about cancer pain, 
but no changes in pain medication. 

In another study, de Wit et al. [26] examined the 
efficacy of a pain education program that provided 
brief exposure to relaxation training. In this study 
patients were randomly assigned to a patient educa-
tion intervention or to a control condition. Patients in 
the education intervention received a 30–60-minute 
hospital-based session that provided education infor-
mation about cancer pain and two 15-minute phone-
based follow-up sessions. Information and instruction 
were primarily provided in the hospital-based session 
and in part of that session patients were told about 
relaxation and other nonpharmacologic pain man-
agement methods (e.g. cold, heat, massage). Results 
showed that the brief intervention produced a signifi-
cant increase in knowledge of pain management and 
a decrease in pain intensity. These results are impres-
sive given the brevity of the treatment. However, the 
limited time frame for providing training in relaxa-
tion makes it unclear how much this CBT technique 
might have added to the effects obtained.

More recently, Lai et al. [27] investigated the effects 
of a somewhat more intensive educational protocol 
that included some exposure to CBT methods. In this 
study, 30 patients having cancer-related pain were 
randomly assigned to an experimental group that 
received 10–15 minutes of pain education per day or 
to a standard care control condition. The educational 
information centered on a booklet that covered 11 
different topics in the area of pain and pain manage-
ment, one of which was nonpharmacologic interven-
tions such as relaxation, imagery, and distraction. 
After completing treatment, patients in the education 
condition reported significant reductions in pain, 
negative beliefs about pain medication, and pain cata-
strophizing and a significant increase in their percep-
tions of control over pain.

Comment
In our meta-analysis of CBT interventions we identi-
fied nine randomized clinical trials testing the efficacy 
of education-focused interventions with brief CBT. 
Statistically significant effects of education-focused 
interventions with brief CBT on pain were found in 
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56% of studies. The mean effect size of these inter-
ventions just missed reaching conventional levels 
of statistical significance (mean 0.207; CI – 0.017 to 
0.431; P � 0.07). 

Education-focused interventions that involve brief 
CBT have several major strengths. First, these inter-
ventions are very brief and designed to be delivered in 
the context of clinical practice. Second, because they 
combine information on medical management with 
CBT they may do a better job of teaching patients 
how to integrate pharmacologic and CBT methods 
into pain management than protocols that focus on 
CBT alone. Third, these interventions are much more 
likely to reach patients who need them because they 
are almost always delivered by nurses who have much 
more access to cancer patients experiencing pain than 
more traditional CBT providers (e.g. psychologists or 
mental health professionals). 

A number of changes could be used to enhance 
the efficacy of these interventions. One of the most 
obvious changes would be to provide more intensive 
training in CBT methods, particularly imagery-based 
techniques. To accomplish this, the frequency and 
duration of sessions of these educational protocols 
would need to be increased. In addition, the format of 
individual treatment sessions would need to be more 
balanced in terms of providing time for educational 
information versus skills training. Second, greater 
emphasis could be placed on standardizing the con-
tent of the CBT portion of the protocols. Many of 
these protocols relied on tailoring procedures in 
which the amount of time educating and training 
patients in a given CBT method was at the discretion 
of the therapist. As a result, some patients may have 
received very abbreviated rationales and training in 
a CBT method, whereas others might have received 
more extensive treatment. 

Future directions

Randomized clinical trials of psychosocial interven-
tions for pain are a relatively recent development and 
most of these studies have been conducted in the past 
10–15 years. At this point, it seems fair to conclude 
that these interventions may have some promise in 
helping cancer patients cope with pain. However, 
before this promise is fully realized, much more 
work needs to be done. In this section, we highlight 

a number of important future directions for clinical 
and research efforts in this area.

Clinical issues
One of the most important clinical questions is how 
many sessions of psychosocial treatment is optimal. 
In published clinical trials, the number of sessions 
of CBT delivered to cancer patients having pain has 
ranged from one [28] to 12 sessions [20]. From a clin-
ical perspective, CBT protocols that are delivered in 
one session are problematic in that they provide little 
time for instruction, rehearsal, and mastery of pain-
coping skills. CBT protocols delivered over months 
likely place excessive demands on patients who may 
be quite sick. It probably makes most sense clinically 
to tailor the number of sessions to the patient’s needs. 
The therapist should evaluate the patient’s needs, 
their ability to comprehend skills instruction, and 
tolerance for sessions. Our own clinical observations 
suggest that, for many cancer patients, a 4–6-session 
protocol is enough to teach and reinforce a set of key 
coping skills, yet not so lengthy as to overburden the 
patient. 

A second important clinical issue is the timing of 
intervention. Pain clinicians are increasingly empha-
sizing the importance of early intervention. Early psy-
chologic intervention is appealing since it provides an 
opportunity to teach pain-coping skills before mala-
daptive ways of responding to pain develop. However, 
early-stage cancer patients may experience relatively 
low levels of pain or only episodic pain, making 
them less motivated to pursue treatment. Offering 
psychologic interventions to patients having pain in 
the context of advanced cancer makes sense in that 
these patients tend to experience more severe and 
frequent pain episodes. CBT interventions delivered 
with advanced cancer patients, for example, can teach 
patients and partners coping skills that can be used 
to enhance their abilities to cope with pain. Although 
very few studies have examined the efficacy of CBT 
at end of life, the available evidence suggests these 
protocols yield significant benefits for partners (e.g. 
reduced caregiver strain, enhanced self-efficacy) but 
are less likely to produce reductions in the patient’s 
pain. Clinicians interested in applying CBT or other 
psychosocial interventions need to be alert to the 
possibility that, in any given cancer patient, there are 
likely to be several windows of opportunity in which 
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the patient is experiencing pain-related problems, is 
open to learning, and has the physical and emotional 
resources to be actively involved in learning and mas-
tering coping skills. 

A third clinical issue relates to involving a patient’s 
partner or caregiver in pain management efforts. 
There is growing recognition that when cancer pain 
persists, it can be challenging not only for the patient 
but also for the partner, and the patient–partner rela-
tionship [4]. Clinical observations suggest that many 
partners and caregivers are actively involved in help-
ing cancer patients manage their pain. In clinical 
practice, however, very few partners/caregivers report 
having received any formal training or education 
in pain management strategies. In clinical settings, 
instruction in pain management tends to vary a lot 
and typically centers mainly around the use of pain 
medications. Over the past 10 years, we have devel-
oped and tested protocols that systematically instruct 
patients and partners in cognitive and behavioral 
pain-coping skills. We have found these protocols 
to be beneficial in the management of arthritis pain 
[29–31] and for cancer pain that occurs at end of life 
[24]. In the context of cancer pain, these protocols can 
have a number of benefits. First, there are benefits for 
patients in terms of enhancing social support for cop-
ing efforts and having a partner to coach and guide 
them in applying coping skills during challenging and 
difficult time points. Second, there are benefits for 
partners in terms of increasing their understanding 
of pain coping, providing them with practical sugges-
tions on managing pain, and giving them skills that 
can apply in managing their own psychologic distress. 
Finally, there are benefits for the patient–partner dyad 
in terms of enhancing their communication and the 
quality of relationship.

A fourth clinical issue is the background and train-
ing needed to deliver psychosocial interventions for 
cancer pain. To date, most CBT interventions for 
cancer pain have been delivered by nurses. Nurse-
delivered interventions are appealing since they can 
be easily disseminated into clinical practice. Yet, most 
nurses have relatively little prior training or back-
ground in CBT or other psychosocial interventions. 
Psychologists, on the other hand, are very familiar 
with CBT and, because of this, can play an impor-
tant role in enhancing the ability of other providers 
of CBT protocols in cancer settings. In the clinical 

setting, for example, a psychologist could be used 
to provide initial training and ongoing supervision 
of nurses who are delivering CBT protocols for pain 
management. 

Another key clinical issue is the need to empha-
size the ways in which psychosocial interventions 
such as CBT can complement and enhance medical 
approaches to managing cancer pain. Many effective 
analgesics exist that can help alleviate cancer-related 
pain. In real-world clinical contexts, for example, 
CBT is almost always used as an adjunct to analge-
sics, not as a replacement for them. Patients need to 
be encouraged by healthcare providers to view pain-
coping skills and pain medications as part of a menu 
of strategies for managing pain. By encouraging 
patients to combine different pain management strat-
egies (e.g. an opioid medication regimen with regu-
lar practice of imagery exercises), providers often can 
optimize pain management and minimize side effects. 
Interestingly, in some cases, adequate cancer pain 
relief is not achieved merely because the patient has 
difficulty adhering to his/her pain medication regi-
men. For these patients, CBT that focuses on improv-
ing medication adherence either as its central focus 
or as a corollary issue may be an effective strategy for 
reducing pain. 

Finally, an overarching issue facing the applica-
tion of psychosocial interventions for cancer pain is 
that most approaches to cancer pain management are 
based on a traditional biomedical model that empha-
sizes pharmacologic or surgical interventions. Patients 
who might benefit from psychologic interventions 
for cancer pain are rarely offered treatment [1]. The 
incorporation of CBT into clinical practice will entail 
more than simply broadcasting evidence that these 
interventions are effective in alleviating cancer-related 
pain. Unless and until these approaches are planted in 
receptive clinical soil, they are unlikely to take root 
and flourish. Environmental factors that will sup-
port CBT programs’ development and integration 
into clinical practices include: training for nurses and 
other clinic staff, education of physicians, adequacy 
of facilities for providing CBT programs, organiza-
tional culture that encourages patients and provid-
ers to participate in CBT programs, consonance of 
CBT philosophy and goals with the general dominant 
care philosophy in the clinic, and funding strategies 
that allow CBT to flourish.
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Research issues
To enhance our understanding of psychosocial inter-
ventions, there are several important directions for 
future research. First, future studies need to test treat-
ment protocols that consistently meet high standards 
in terms of standardization and quality control. At 
present, for example, studies of CBT for cancer pain 
vary considerably in terms of treatment rationales, 
specific skills being taught, and number and length of 
treatment sessions. As a result, it is difficult to com-
pare results across studies and to be sure that the 
treatment delivered was state of the art. Researchers 
working in this area need to develop consensus-based 
guidelines for standardizing CBT approaches to can-
cer pain. Such guidelines could, for example, iden-
tify the basic components of CBT for cancer pain 
management (e.g. rationale, relaxation, activity pac-
ing, cognitive restructuring, and problem solving). 
They could also specify quality control procedures 
that should be incorporated into studies to enhance 
the consistency and competency of interventionists 
delivering CBT protocols. These quality control pro-
cedures could include, for example, audiotaping of 
sessions, rating of session tapes for therapist adher-
ence and competence, and frequent review/super-
vision sessions with an individual who is highly 
experienced in CBT. 

Future studies also need to test the efficacy of psy-
chosocial interventions other than CBT in manag-
ing cancer pain. There are several novel psychosocial 
treatments (e.g. emotional disclosure interventions, 
comprehensive yoga-based therapies, and acceptance 
and commitment-based treatments) that may benefit 
cancer patients suffering from pain. Emotional dis-
closure interventions, first developed by Pennebaker 
& Beall [32], involve structured sessions (usually 
four or more) in which individuals are instructed to 
talk about or write about their deepest feelings and 
thoughts related to traumatic or very difficult events 
(e.g. cancer diagnosis or treatment). The results of 
studies conducted by Stanton and her colleagues 
suggest that emotional disclosure can enhance pain 
control in cancer patents. In a study of early-stage 
patients, Stanton et al. [33] found that women 
who received an emotional disclosure intervention 
showed a significant reduction in medical appoint-
ments for cancer-related morbidities (e.g. pain) than 
women who received a control writing intervention. 

In a second study, Low et al. [34] reported that an 
emotional disclosure protocol produced significant 
reductions in pain in early-stage prostate cancer 
patients. Although the findings reported by Stanton’s 
research team suggest that emotional disclosure may 
be beneficial, they need to be replicated in other 
research labs. Future studies also need to determine 
whether emotional disclosure protocols can ben-
efit patients who experience pain in the context of 
advanced cancer. 

Recently yoga has become popular and increasingly 
is being utilized with cancer patients [35]. Currently, 
however, the term “yoga” is synonomous with a set of 
physical exercises that represent but one aspect of the 
yoga tradition. One might expect that more compre-
hensive yoga protocols that incorporate the broader 
array of yoga techniques (i.e. physical stretching 
postures, breathing exercises, meditation techniques, 
education on pertinent topics, e.g. value of remaining 
mindful during daily activities, and discussion/shar-
ing of experiences) might be particularly beneficial 
for cancer pain control. Although we are not aware 
of randomized clinical trials of comprehensive yoga, 
we recently conducted an uncontrolled, preliminary 
study in metastatic breast cancer examining the effects 
of a comprehensive Yoga of Awareness protocol [35]. 
Analysis of daily diary data revealed a dose–response 
relationship showing that on the day after a day dur-
ing which women practiced more, they experienced 
significantly less pain and fatigue and significantly 
higher levels of acceptance, invigoration, and relaxa-
tion. These findings are interesting and suggest that 
further controlled research on comprehensive yoga 
protocols is warranted.

Acceptance and commitment therapy (ACT) is 
a relatively new psychologic treatment whose main 
goals are to help people remain more fully in the 
present moment and develop psychologic flexibility 
[36]. ACT helps people commit to actions that better 
enable them to be in the present, accept moment-to-
moment experiences, to understand how verbal con-
structions of situations influence their behavior, and 
to focus on long-term values (e.g. family, career, spir-
ituality). ACT has shown benefits in several areas of 
behavioral medicine including the treatment of dia-
betes [37] and drug-refractory epilepsy [38]. Research 
on people having persistent pain has shown that those 
who report higher levels of acceptance, a key process 
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in ACT, show much lower levels of physical disability 
and psychologic distress [39]. ACT could help patients 
suffering from cancer to develop more flexible cop-
ing repertoires that enable them to better accept and 
deal with the challenges of severe or persistent pain. 
To date, however, the effects of this interesting psy-
chologic intervention on cancer pain and pain-related 
outcomes have not been tested in controlled studies.

Future trials of psychologic interventions for can-
cer pain need to include methodologic refinements 
that enhance study quality. First, more attention needs 
to be given to control groups. To date, most stud-
ies of CBT protocols have compared these protocols 
to no treatment or routine care. Such control condi-
tions, however, fail to control for therapist contact 
and attention. Second, to enhance cross-study com-
parisons, researchers need to consider standardizing 
the outcome measures used in studies of psychologic 
interventions for cancer apin. Current large-scale 
initiatives, of which PROMIS (Patient Reported 
Outcomes Measurement Information System, a 
National Institutes of Health Roadmap Initiative) 
is the largest in scope and vision, seek to develop 
national metrics that capture the patient’s experience 
of symptoms, psychologic distress, function, and qual-
ity of life. PROMIS will result in an outcomes data-
bank and an outcome measures resource bank, both 
of which will directly support further research on 
the impact of CBT on cancer pain, and will facilitate 
cross-study comparisons. 

Finally, trials of psychologic interventions for can-
cer pain often use relatively small sample sizes. Small 
sample sizes severely limit the statistical power to 
detect treatment changes and the ability to  generalize 
findings. When designing studies, it is imperative 
that investigators consider the availability of patients 
for protocols, the resources they have to conduct 
thorough research trials, and do appropriate a priori 
power analyses to determine the necessary number of 
trial participants. 

More research is also needed to examine the 
efficacy of psychosocial intervention in different 
populations of cancer patients. For example, CBT 
interventions for cancer pain have varied in terms 
of types of pain being treated, from procedural 
pain [20] to pain that occurs at the end of life [24]. 
Research needs to determine which types of cancer 
pain are most responsive to intervention. Because 

not all patients will be equally likely to benefit from 
specific CBT interventions, future studies will need 
to stratify results by patient characteristics, thereby 
defining subpopulations of cancer pain patients who 
are the most appropriate recipients of specific CBT 
interventions. Clinical trials should strive for balance 
between strict eligibility criteria that focus the inter-
vention towards patients most likely to benefit, versus 
less stringent criteria that may be more generalizable 
to usual clinical scenarios, at the risk of diluted evi-
dence of effect.

Converging lines of evidence indicate that unders-
erved populations and ethnic minorities may experi-
ence specific vulnerabilities in quality of life outcomes 
(e.g. pain) after a cancer diagnosis [40]. Despite this, 
few studies of psychologic interventions have addressed 
cancer pain management issues in ethnic minorities or 
underserved populations [41]. There are several bar-
riers to the application of psychosocial interventions 
for underserved and minority populations including 
accessibility, acceptability, cultural sensitivity, language 
barriers, costs, and reimbursement. There is evidence 
that some underserved and minority groups are more 
amenable to psychosocial interventions while oth-
ers may not be amenable [41]. Research suggests that 
Hispanics and African Americans may prefer psycho-
social interventions to medication interventions for 
pain management [42]. On the other hand, Japanese 
cancer patients tend to repress any emotions associ-
ated with their cancer [43] and may be more reluctant 
to pursue psychosocial interventions for cancer pain 
[44]. It should be noted, however, that psychosocial 
interventions trials for cancer-related concerns can 
be effective in underserved and minority groups [45], 
although minimal attention has been paid to examin-
ing how to decrease the barriers to psychosocial inter-
ventions for cancer pain in these groups. 

Future studies also need to examine the effects of 
individual components of psychologic interventions 
to determine which are most beneficial. It may be 
that methods that have been shown to be beneficial 
in managing procedural pain [20] are less appropri-
ate and effective when addressing persistent pain that 
occurs in patients with advanced cancer. 

Traditionally, psychosocial interventions have been 
delivered in a face-to-face format in a medical setting. 
There are several barriers to face-to-face treatment for 
cancer patients including availability of providers and 
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physical limitations such as fatigue, time limitations, 
work schedules, travel distance, cost, and availability 
of childcare. A growing number of studies have com-
pared the use of alternative delivery methods for can-
cer patients, including telephone, audiotape, internet, 
printed materials, and combinations of these meth-
ods, with face-to-face interventions [46, 47]. These 
methods show some promise for wide application of 
psychosocial interventions for cancer pain, but more 
rigorous trials are needed to understand the benefits 
of nontraditional methods of delivery

To date, psychosocial interventions for cancer 
pain generally have not been well disseminated. 
Psychosocial protocols for cancer pain are most 
often offered within a research context at a major 
academic medical center. Many patients who might 
benefit from psychosocial interventions do not have 
access to them [1]. Cancer Control PLANET is a new 
online program designed to enhance the quality of 
life for cancer survivors, sponsored by the National 
Cancer Institute, the Center for Disease Control, the 
American Cancer Society, and three other nation-
ally recognized sponsors. The program acknowledges 
the problem of access to resources that facilitate the 
transfer of evidence-based research findings into 
practice. The website provides centralized access to 
intervention programs that have been rated effica-
cious. It also offers programs and information about 
how to tailor evidence-based protocols to meet the 
needs of specific programs. This program can serve as 
a centralized location for cancer pain researchers and 
clinicians to disseminate evidence-based psychosocial 
cancer pain protocols. The program can be accessed 
online at http://cancercontrolplanet.cancer.gov/. 
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CHAPTER 27

Transcutaneous electrical nerve stimulation
and acupuncture

Mark I. Johnson
Faculty of Health, Leeds Metropolitan University; and Leeds Pallium Research Group, UK

Introduction

Multimodal management of cancer pain includes 
multidisciplinary team assessment and holistic care 
using nonpharmacologic interventions. Peripheral 
nerve stimulation techniques such as transcutaneous 
electrical nerve stimulation (TENS) and acupuncture 
are standard therapy in pain clinics and are becom-
ing more widely used in oncology and palliative 
care settings [1–4]. In general, TENS and acupunc-
ture are indicated for symptomatic management of 
pain related to cancer and its treatment and can be 
used in combination with conventional treatments 
[5]. Acupuncture also has a role in the management 
of cancer-related nausea and vomiting, breathless-
ness, fatigue, xerostomia and vasomotor symptoms 
[6]. The techniques are safe although they may mask 
symptoms so tumor progression and disease should 
be regularly assessed [7]. The effectiveness of TENS 
and acupuncture has been a matter of much debate.

Transcutaneous electrical 
nerve stimulation

Context
Transcutaneous electrical nerve stimulation (TENS) 
is a noninvasive peripheral stimulation technique that 
is used for symptomatic relief of mild to moderate 

pain [8]. During TENS, pulsed electrical currents are 
passed across the intact surface of the skin to  activate 
the underlying nerves. Healthcare professionals use 
the term TENS to describe currents delivered by a 
standard TENS device consisting of a hand-held bat-
tery-powered current generator and connected by 
lead wires to self-adhering hydrogel electrode pads. 
These electrodes are attached to healthy innervated 
skin where sensation is intact. Users can alter the 
pulse amplitude, pulse frequency (rate), pulse pattern 
and pulse duration (width) of currents (Fig. 27.1). 
In general, TENS is effective when a strong nonpain-
ful electrical paresthesia is generated in dermatomes 
close to the site of pain [9].

TENS is safe, inexpensive and easy to use. Pain 
relief is rapid in onset and offset so treatment is 
administered by patients themselves throughout the 
day. TENS can be purchased without prescription in 
the UK although practitioners experienced in TENS 
should assess and supervise all new patients and pro-
vide a point of contact to troubleshoot any problems 
[10, 11].

Clinical technique
The intention of TENS is to activate different popula-
tions of peripheral nerves to produce segmental and 
extrasegmental pain modulation. Different TENS 
techniques are used to stimulate different types of 
peripheral nerve fibers.

Conventional TENS
Conventional TENS is the first treatment option 
in most situations. The International Association 
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for the Study of Pain (IASP) describe conventional 
TENS as “high frequency (50 –100 Hz), low inten-
sity ( paresthesia, not painful), small pulse width 
(50 –200 µs)” [12]. The intention of conventional 
TENS is to stimulate large-diameter non-noxious 
afferents (i.e. Aβ fibers) in segments related to the 
painful site as this inhibits second-order nocicep-
tive cell transmission and reduces central sensitiza-
tion [13–16]. In practice, intensity is titrated until a 
strong, comfortable, nonpainful TENS paresthesia 
is experienced around the painful site. Patients are 
encouraged to experiment with other TENS settings 
based on patient comfort and symptoms for relief [11, 
17, 18]. Electrodes are positioned along nerves proxi-
mal to pain if mechanical allodynia exists. Painful 
TENS paresthesia, indicative of small-diameter nox-
ious afferent activity, is not appropriate. 

Acupuncture-like TENS
Acupuncture-like TENS (AL-TENS) is a form of 
hyperstimulation and was developed to harness the 
actions of TENS and acupuncture [19]. The IASP 
describe AL-TENS as currents that are “low frequency 
(2– 4 Hz), higher intensity (to tolerance thresh-
old), [and] longer pulse width (100– 400 µs)” [12].

The intention of AL-TENS is to stimulate small-
diameter afferents because this produces longer last-
ing segmental and extrasegmental analgesic effects 
[20]. In practice, AL-TENS is delivered over painful 
sites, muscles, trigger points and acupuncture points 
to generate strong but nonpainful muscle twitching 
[21]. The resultant small-diameter muscle afferent 
activity triggers descending pain inhibitory pathways 
and central release of endogenous opioid peptides 
[22]. Low-frequency bursts of high-frequency pulses 
(~2–5 bursts per second of 100 pps) are often used 
because they are more comfortable for patients than 
low-frequency single pulses. AL-TENS may benefit 
patients who do not respond to conventional TENS 
and some neuropathic pain conditions when it is not 
possible to position electrodes at the site of pain due 
to altered skin sensations [23, 24]. 

Clinical indications
Factors predicting patient success are unknown. 
Any patient with pain directly or indirectly related 
to cancer and its treatment may respond [2, 3]. This 
includes pain from metastatic carcinomas, metastatic 
bone disease, direct infiltration of nerves, and nerve 
compression by a neoplasm, vertebral collapse or 
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Figure 27.1 A standard TENS device.
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enlarged organs. TENS may also benefit chemother-
apy-related pain, postsurgical pain and postamputa-
tion pain. Clinical experience suggests that TENS is 
useful as a stand-alone treatment for mild to moder-
ate pain and in combination with pharmacotherapy 
for moderate to severe pain. 

Contraindications are cardiac pacemakers and 
bleeding disorders [25]. TENS can be used in preg-
nancy and in epilepsy providing electrodes are placed 
well away from the abdomen, sacrum and neck 
respectively. It is generally accepted that electrodes 
should not be positioned over an active tumor in 
acute oncology settings for a patient whose tumor is 
treatable [25]. In the palliative setting electrodes can 
be positioned on areas where there is known dis-
ease. No studies have directly assessed the impact of 
TENS on tumor growth and no detrimental effects 
on tumor growth have been reported in case series. 
TENS should not be used on irradiated skin in the 
immediate weeks after radiotherapy. 

Anecdotes of widespread use of TENS in oncology 
and palliative settings are not supported by the lim-
ited amount of published evidence. An assessment of 
cancer pain treatments used over a 10-year period in 
an anesthesiology-based palliative care program in 
Germany revealed that TENS was only used for 3% of 
2118 patients sampled [26]. A follow-up survey of 593 
cancer patients found that TENS was given to support 
systemic analgesia in only 1% of patients with nocicep-
tive pain, 6% of patients with neuropathic pain and 6% 
of patients with mixed nociceptive and neuropathic 
pain [27]. Audits in the UK also suggest that TENS is 
used only on selected cancer pain patients [28]. 

Research evidence 

Mechanism of action 
TENS causes segmental inhibition of nociceptive infor-
mation by pre- and postsynaptic mechanisms [13, 14, 
29 –32]. TENS also reduces inflammation-induced sen-
sitization of dorsal horn neurones in anesthetized rats 
[16]. TENS antidromically activates peripheral nerves 
leading to peripheral blockade of afferent impulses aris-
ing from noxious stimuli [33 –35]. At higher intensities 
TENS produces longer lasting segmental effects [15, 20] 
and also extrasegmental effects by activating structures 
in the descending pain inhibitory pathways such as the 

periaqueductal gray and  ventromedial medulla [36]. It 
activates diffuse noxious inhibitory controls when deliv-
ered at painful intensities as a counterirritant [38, 39]. 
Deep somatic afferents  produce larger effects than skin 
afferents [39, 40].

The neuropharmacology of TENS is complex. 
γ-Amino butyric acid (GABA) mediates conven-
tional TENS analgesia [41, 42] and opioids mediate 
AL-TENS effects [22, 43] although cholinergic [44], 
adrenergic [45, 46] and serotinergic systems [47] are 
also involved [14]. µ Opioid receptors are implicated 
in low-frequency TENS and δ opioid receptors in 
high-frequency TENS [14, 36]. 

Clinical effectiveness
TENS for nonmalignant pain
There are numerous clinical trials of TENS but many 
use an inadequate TENS technique and/or inappro-
priate outcome measures and this has affected the 
outcomes of systematic reviews. At present, opinion is 
divided on the use of TENS for acute pain. Initial sys-
tematic reviews on postoperative pain and labor pain 
concluded that there was evidence of no clinically 
meaningful effect from TENS [48, 49]. A  subsequent 
meta-analysis of 21 randomized controlled trials 
(RCT) found that TENS reduced postoperative anal-
gesic consumption providing adequate technique was 
used [50]. Recent Cochrane reviews on TENS for pain 
relief in labour [51] and acute pain [52] have been 
inconclusive. A Cochrane review found that high- but 
not low-frequency TENS reduced symptoms of pri-
mary dysmenorrhea [53]. 

Systematic reviews of TENS for chronic pain are 
more positive, although a recent Cochrane review 
was inconclusive [54]. A review of 38 RCT, of which 
29 studies (1227 patients) were suitable for meta-
analysis, found that TENS and percutaneous electrical 
nerve stimulation were effective for chronic mus-
culoskeletal pain [55]. A systematic review of physi-
cal interventions in osteo-arthritic knee pain which 
included a meta-analysis on 11 RCT (414 patients) 
found that TENS reduced pain by 18.8 mm (95% 
confidence interval (CI) 9.6 –28.1) on a 100 mm vis-
ual analog scale (VAS) when compared with placebo 
[56]. An earlier Cochrane review of seven RCT con-
cluded that TENS was effective for pain and stiffness 
associated with knee osteo-arthritis [57]. Cochrane 
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reviews on TENS for chronic low back pain [58], 
rheumatoid arthritis of the hand [59], whiplash and 
 mechanical neck  disorders [60], post-stroke shoulder 
pain [61] and chronic recurrent headache [62] have 
been inconclusive. 

TENS for cancer-related pain
A systematic review of complementary therapies 
for symptoms in patients near the end of life [63] 
included one “pilot” RCT [64], one non-RCT [65] 
and two case series [66, 67] (Table 27.1). The review-
ers concluded that TENS may relieve intractable pain 
in dying patients with cancer. 

A Cochrane review on TENS for cancer-related 
pain identified two RCT which did not meet the 
criteria for meta-analysis [68, 69]. Robb et al. [70] 
conducted a randomized sham-controlled cross-
over trial of TENS and transcutaneous spinal 
electroanalgesia (TSE), which is a TENS-like device 
which delivers currents that do not produce any 
appreciable electrical paresthesia. TSE is claimed to 
reduce central sensitization, although evidence has 
not been forthcoming [71]. Forty five women with 
chronic pain associated with breast cancer treatment 
administered each intervention at home for a 
3-week period followed by a 1-week washout. Forty 

Table 27.1 Clinical research evidence for TENS

Reference Condition (n) Type of research TENS technique Results 

Robb et al. [70] Chronic pain secondary 
to treatment for breast 
cancer (41 completed)

RCT (cross-over)
TENS TSE 
Sham TSE

Conventional 
TENS 

No differences between groups. 
On completion of study 15 
patients requested to continue to 
use TENS compared to 5 for TSE 
and 6 for sham 

Gadsby et al. 
[64]

Pain from various 
malignancies in palliative 
care setting (15)

RCT (parallel group) 
AL-TENS
Sham AL-TENS
No treatment control

AL-TENS Odds ratio AL-TENS 0.5 times 
greater than placebo and 0.16 
times better than no treatment 
control

Avellanosa & 
West [65]

Pain from a variety 
of metastatic 
carcinomas (60)

Pre/post assessment 
without control group

Conventional 
TENS 

39/60 patients reported pain relief 
at 2 weeks and 20/60 at 3 months 

Hasun & 
Marberger [77]

Pain related to advanced 
cancer of prostate, renal 
cells or urothelial bladder 
(45)

Pre/post assessment 
without control group

Uncertain – 
galvanic current?

Every other patient responded to 
TENS

Ostrowski [66] Pain related to various 
carcinomas who 
responded to TENS (9)

Pre/post assessment 
without control group

Conventional 
TENS 

8/9 patients reported immediate 
pain relief and 3/9 continued to 
use TENS at 6 months

Loeser et al. 
[80]

198 chronic
pain patients
(7 malignancies)

Pre/post assessment 
without control group

Conventional 
TENS

3/7 cancer patients reported pain 
relief

Long [79] 197 chronic
pain patients
(5 malignancies) 

Pre/post assessment 
without control group

Conventional 
TENS

3/5 cancer patients reported pain 
relief 

Hardy [81] 53 chronic
pain patients
(4 malignancies)

Pre/post assessment 
without control group

Conventional 
TENS 

2/4 cancer patients reported pain 
relief

Ventafridda 
et al. [73]

Various pains in which 
cancer was the primary 
cause (37)

Pre/post assessment 
without control group

Conventional 
TENS

36/37 patients reported pain relief 
in first 10 days but only 4/37 
reported pain relief at 30 days

Continued on p. 352
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one women completed the trial. TENS and TSE 
reduced pain when compared to baseline but the 
effect was no greater than that observed with sham 
TSE. At the end of the study 15 patients selected 
to continue treatment with TENS compared 
with five for TSE and six for sham. Gadsby et al. 
[64] conducted a randomized sham-controlled 
parallel group trial of AL-TENS, sham AL-TENS 
and no treatment in 15 patients with cancers of 
the breast, colon, pancreas, kidney, stomach and 
cervix. Treatment interventions were administered 
for 30 minutes per day for 5 days and odds ratios 
suggested that AL-TENS was superior to sham 
and no treatment (see Table 27.1). However, the 
study was underpowered so a conclusion about 
effectiveness is not possible.

Low-quality evidence from uncontrolled trials and 
case series tends to be positive and may be likely to 
overestimate TENS effects. Avellanosa & West [65] 
conducted a nonrandomized controlled trial using 60 
patients with pain related to metastatic carcinomas, 
surgery, irradiation and amputation. TENS reduced 
pain in 39 patients at 2 weeks but this dropped to 20 
patients at 3 months. Reuss & Meyer [72] reported 
that TENS was beneficial for 50 out of 60 patients, 

many with painful bony metastasis. Ventafridda et al. 
[73] reported that initially TENS reduced pain in 35 
out of 37 patients with a variety of pains arising from 
compression by large masses over the cervical nerve 
trunks or neoplastic involvement on maxillofacial tis-
sues. However, only four patients reported benefit at 1 
month. Rafter p.72] (cited in Librach & Rapson [76]) 
reported that TENS provided benefit in 36 out of 49 
patients with a variety of malignancies and Ostrowski 
[66] reported that TENS outcome was good in seven 
out of nine patients with various carcinomas and 
metastases in the spine, lung and jaw. Hidderley & 
Weinel [76] reported that TENS of acupuncture 
points away from the pain site reduced pain in four 
out of four patients with head and neck cancers 
undergoing radiotherapy, and Wen [67] found that 
TENS and acupuncture reduced severe pain in 18 out 
of 29 frail cancer patients. Similar findings are avail-
able in case series of mixed populations of patients 
with chronic pain, some of whom have cancer-related 
pain [77 –82]. Recently, a case series reported benefit 
whilst using TENS for cancer bone pain [83, 84], and a 
following feasibility trial suggested that TENS has the 
potential to decrease pain on movement more than 
pain on rest [85].

Table 27.1 Continued

Reference Condition (n) Type of research TENS technique Results 

Bates & 
Nathan [82]

161 chronic pain patients (5 
malignancies) 

Pre/post assessment 
without control group

Conventional TENS 4/5 cancer patients 
reported pain relief

Rafter [74] cited 
in Librach & 
Rapson [75]

Pain from malignancies 
predominantly of 
musculoskeletal origin (49)

Pre/post assessment 
without control group

Conventional TENS 37/49 patients reported 
pain relief

Dil’din et al. [78] Pain from malignancies and 
postoperative procedures 
(84)

Pre/post assessment 
without control group

Conventional TENS 
using a Soviet 
device

84/84 patients reported 
pain relief

Reuss & Meyer 
[72]

Pain predominantly from 
bony metastasis (60)

Pre/post assessment 
without control group

Conventional TENS 50/60 patients reported 
pain relief

Hidderley & 
Weinel [76]

Pain from head and 
neck cancers in patients 
undergoing radiotherapy (4)

Pre/post assessment 
without control group

TENS on 
acupuncture points 
away from the site of 
pain (TENS intensity 
very low) 

4/4 patients reported pain 
relief

Wen [67] Pain from a variety of 
malignancies (29)

Pre/post assessment 
without control group

Conventional TENS Reductions in opioid 
consumption
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There is for the moment insufficient high-quality 
clinical research evidence to demonstrate the effec-
tiveness of TENS for cancer pain. Indeed, there is 
no consensus on the optimal use of TENS for many 
conditions. Yet widespread clinical experience, as 
reported in noncontrolled clinical trials and case 
series, suggests that TENS may be useful in both the 
short and long term. No serious complications from 
TENS were reported in any of these published trials.

TENS for cancer-related nonpain symptoms
Transcutaneous electrical nerve stimulation over 
the Pericardium 6 (P6, Neiguan) acupuncture 
point has been used for chemotherapy-induced 
and postoperative nausea and vomiting [86, 87]. 
RCTs provide evidence that transcutaneous electri-
cal acupoint stimulation using a TENS-like device 
reduces postoperative nausea and vomiting in non-
cancer patients [88 – 90] and a Cochrane review of 
24 RCT concluded that nonpharmacologic tech-
niques such as TENS, acupuncture, and electroacu-
puncture were better than placebo [91]. In contrast, 
another Cochrane review concluded that noninva-
sive electrostimulation (TENS) was unlikely to have 
a clinically meaningful outcome for chemotherapy-
induced nausea and vomiting [92]. TENS has been 
reported to be beneficial for the management of 
lymphedema when electrodes are placed proximal to 
the lymphedematous limb [93]. 

Acupuncture

Context
Acupuncture is the process of inserting needles in 
the skin at specific points (Latin acus “needle”, punc-
tura, “puncture”). Additional stimulation is achieved 
by needle manipulation (twirling) or by passing 
mild electrical currents through pairs of needles 
(electroacupuncture). Points can also be stimulated 
using pressure (acupressure), laser, and heat (moxi-
bustion). According to traditional Chinese medicine, 
acupuncture can alter the flow of “vital energies of 
life,” called Yin and Yang, along “energy channels” 
called meridians. However, most medical practition-
ers adopt a neurophysiologic approach to acupunc-
ture using the principles of orthodox medicine for 
diagnosis. 

Clinical technique 
Treatment with acupuncture requires a trained specia-
list (www.medical-acupuncture.co.uk). Acupuncture 
is administered using fine disposable steel needles 
(0.2–0.3 mm) at points with properly functioning 
nerves to stimulate subcutaneous, intramuscular and 
periosteal tissue [2]. A segmental approach is used by 
locating needles at dermatomes, myotomes and scle-
rotomes related to the affected structure. Traditional 
strong extrasegmental points (e.g. L14) and trig-
ger points are also chosen in certain circumstances. 
Acupuncture effects are usually slow in onset but 
usually persist for several days or weeks and may be 
cumulative over time. Needles are inserted for up to 
30 minutes at a time and may be “twirled” to facilitate 
stimulation. A typical course of acupuncture may last 
up to 6 weeks and consist of one or two treatments 
each week. Sensations of heaviness, aching, paresthesia 
and numbness may be experienced around the needle, 
called needle sensation or De Qi, and some practition-
ers believe De Qi is important for outcome. 

Practice guidelines [94, 95] and clinical considera-
tions for the use of acupuncture for  cancer patients have 
been published [5, 6, 89, 96–98]. Contraindications 
include patients with clotting dysfunction, needle pho-
bia and intracardiac defibrillators (electroacupuncture) 
[7, 99]. Semi-permanent needles are contraindicated for 
patients with valvular heart disease, neutropenia or after 
splenectomy. Acupuncture should not be given to limbs 
with lymphedema, arms following axillary dissection or 
sampling, tumor  nodules, areas of ulceration or on an 
unstable spine [94]. Cancer patients may be sensitive to 
acupuncture and may be “strong reactors.” Gentle stim-
ulation and close supervision are  essential, especially 
during the first acupuncture treatment. Experts recom-
mend a mix of segmental, extrasegmental and trigger 
points depending on presenting symptoms. 

Clinical indications 
Acupuncture is used to manage pain, xerostomia, 
nausea and vomiting, dyspnea, radiation rectitis, 
ulcers which fail to heal, intractable fatigue, insomnia 
and vasomotor symptoms such as hot flushes [94]. It 
is especially useful for patients whose pain is not sat-
isfactorily managed by conventional analgesia, who 
are resistant to high-dosage pain medication and/or 
experiencing unacceptable side effects and who are 
sensitive to medication. 
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Up to three-quarters of cancer patients may use 
complementary therapies although estimates vary 
widely [100–106]. However, a recent survey of 
complementary medicine use by 189 women with 
nonsmall cell lung cancer found that only 2.6% used 
acupuncture [107]. Once it is integrated into the 
cancer clinics, patients consider acupuncture as “very 
important” [108].

Research evidence
The contribution of needling to acupuncture effects 
has been investigated using sham interventions 
although some of these are inappropriate, e.g. dummy 
TENS, dummy laser, “superficial” needling [109]. 
Sham acupuncture needles which telescope instead of 
penetrating the skin (e.g. Park sham device) are more 
appropriate although initial reports that they were 
indistinguishable from real needles [110] have been 
challenged [111, 112] because they do cause some 
degree of acupressure, i.e. are not completely inert. 

The contribution of needles positioned on specific 
points on the body to acupuncture effects has been 
addressed through comparisons of stimulation 
at acupuncture points versus nonacupuncture 
points or acupuncture points not indicated for the 
condition. Critics of this approach have argued that 
stimulation of any point on the skin will produce 
neurophysiologic effects, although the premise still 
remains that during acupuncture it is important 
to demonstrate that certain points are superior to 
others. A critique of controls used in acupuncture 
trials concluded that it was scientifically unacceptable 
to summarize the variety of approaches as “placebo 
control” as is sometimes the case in systematic 
reviews [113].

Mechanism of action
Acupuncture is a high-intensity stimulus that acti-
vates polymodal receptors and high-threshold, 
small-diameter Aβ, Aδ and C-fibers leading to inhi-
bition of second-order nociceptive transmission 
cells by  segmental and extrasegmental mechanisms 
[1, 114, 117]. Acupuncture activates structures on 
the descending pain inhibitory pathways, including 
the ventromedial medulla and periaqueductal gray 
(PAG) which have collaterals that project to many 
levels of the spinal cord [118 –120]. Acupuncture 

also  produces effects similar to those observed during 
 diffuse  noxious inhibitory controls [37, 38, 121]. 

Acupuncture and electroacupuncture upregulate 
opioid gene production and this may explain why 
“top-ups” are required to maintain gene expression 
in a “switched-on” mode [122–124]. Low-frequency 
electroacupuncture causes preproenkephalin mRNA 
expression in the rat brain and high-frequency elec-
troacupuncture causes preprodynorphin mRNA 
expression [125]. The neuropharmacology of acu-
puncture is complex and involves opioids, serot-
onin, noradrenaline, adrenocorticotrophic hormone, 
cholecystokinin, nerve growth factor and oxytocin, to 
name but a few [1, 116, 126–128]. 

Recently, brain-imaging studies have demonstrated 
that acupuncture influences a matrix of structures 
extending from the cerebrum to the cerebellum [129–
131]. Limbic system structures involved in emotion 
and reward have a critical role and include the ante-
rior cingulate, hippocampus, insula, amygdala and 
nucleus accumbens [129, 132–135]. They may be 
responsible for pleasurable feelings sometimes asso-
ciated with acupuncture and for reports that pain 
remains but is less unpleasant [136]. Different activa-
tion patterns between patients and healthy controls 
have been reported [137], in line with evidence from 
animal studies that acupuncture differs in its actions 
in normal versus inflammatory states [138]. A recent 
study on heroin addicts suggests that the hypothala-
mus may be involved in De Qi [139].

Investigators have reported a somatotopic rep-
resentation of acupuncture points in the primary 
 somatosensory cortex [140, 141] and that deep central 
areas of the brain appear to respond differently with 
genuine acupuncture compared with sham [133]. 
Specific patterns of brain activity are produced when 
acupuncture is given at different points [142, 143] 
and durations [144]. The long-lasting analgesic effects 
of acupuncture have been attributed to a mesolimbic 
positive feedback loop which perpetuates continuous 
outflow from descending pain inhibitory pathways 
[145]. Electroacupuncture produces different brain 
activation patterns to manual acupuncture [132, 
146, 147] and may be dependent on the frequency of 
the electrical currents [127, 132, 148]. A criticism of 
brain-imaging studies is that they often use a single 
measurement and there may be large variability across 
different sessions within the same subject [149 –151].
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Evidence for meridians is not convincing although 
physiologic correlates have been reported, including 
electrical conductive properties [152, 153] and inter-
muscular or intramuscular connective tissue planes 
[154]. Associations between acupuncture points and 
trigger points [155] and tendinomuscular and tend-
inofascial structures are tantalizing [156, 157].

Clinical effectiveness
Acupuncture for nonmalignant pain
There are hundreds of RCTs and many systematic 
reviews on acupuncture and making sense of the 
research evidence has become a discipline in itself. 
A systematic review of systematic reviews concluded 
that there was no robust evidence that acupunc-
ture works for any indication [158]. The Centre for 
Reviews and Dissemination in the UK concluded that 
acupuncture was superior to no treatment or waiting 
list controls in most studies but studies were evenly 
balanced between acupuncture and sham techniques 
[159]. A recent critique concluded that acupunc-
ture improves symptoms associated with nausea and 
vomiting (postoperative and chemotherapy-related), 
insomnia, fibromyalgia, osteo-arthritis of the knee, 
nonspecific back pain, dental pain, epicondylitis and 
idiopathic headache [160]. 

Two meta-analyses on acupuncture for osteo-
arthritis of the knee published within 6 months 
of each other highlight the disparity in interpreta-
tion of existing evidence. White et al. concluded that 
“Acupuncture that meets criteria for adequate treat-
ment is significantly superior to sham acupuncture 
and to no additional intervention in improving pain 
and function in patients with chronic knee pain”  
p384) [161]. Manheimer et al. concluded that “Sham-
controlled trials show clinically irrelevant short-term 
benefits of acupuncture for treating knee osteo-
arthritis. Waiting list-controlled trials suggest clini-
cally relevant benefits, some of which may be due to 
placebo or expectation effects” (p868) [162]. There 
are indisputable methodologic challenges which 
hinder RCT design, including inappropriate controls 
with active therapeutic effects [109, 113] and insuffi-
cient doses of acupuncture [160, 163 –166].

Acupuncture for cancer-related pain
There is one systematic review of acupuncture for 
cancer-related pain which concluded there was 

 insufficient evidence to determine effectiveness [167]. 
Seven trials met the eligibility criteria but only three 
of these were RCTs [168 –170] and four were studies 
without controls [98, 171 –173].

The RCT with the strongest methodologic qual-
ity found that auricular acupuncture reduced neu-
ropathic pain arising after cancer treatment by 36% 
at the 2-month follow-up when compared with 
sham controls [170] (Table 27.2). The study used 90 
patients randomized into one of three possible inter-
ventions: auricular acupuncture; auricular acupunc-
ture at nonacupuncture points; and nonpenetrating 
auricular acupuncture at nonacupuncture points. 
The other two RCTs were scored low on methodo-
logic quality. Dang & Yang [169] included 48 patients 
with stomach carcinomas and found no statistical dif-
ferences between acupuncture using filiform needle, 
acupuncture point injection with “transfer factor” or 
conventional analgesics. However, acupuncture had 
superior long-term effects than conventional analge-
sics for plasma-leucine-enkephalin concentrations. 
Xia et al. [168] included 72 patients with chest pain 
related to upper body malignancies and found that 
acupuncture reduced pain when compared to radio-
therapy and chemotherapy alone. The studies without 
a control group reported benefits from acupuncture 
on cancer-related neuropathic pain [171], abdomi-
nal pain [172], nerve compression pain [173] and 
breathlessness [98]. It is possible that false-positive 
findings arose in these studies, with authors possibly 
 overstating the benefit of acupuncture and the role of 
expectation in the patients being unclear. Some early 
case series did not meet the eligibility criteria for 
 systematic reviews [67, 97]. 

Studies published since the reviews are inconclusive. 
Mehling et al. [174] reported that a  combination 
of massage and acupuncture reduced pain and 
depressive mood when added to usual care in 138 
postoperative cancer patients, although differences 
in outcome were small. Wong & Sager [175] 
reported that acupuncture reduced chemotherapy-
induced peripheral neuropathic pain in five patients. 
Minton & Higginson [176] attempted to undertake 
a single-blind RCT of electroacupuncture on cancer-
related neuropathic pain but only three patients 
completed the study. 

Reviews of complementary therapies by Bardia 
et al. [177] and Pan et al. [63] include the same 
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Table 27.2 Clinical research evidence for acupuncture

Reference Condition (n) Type of research Acupuncture technique Results 

Lee et al. [167] Cancer related pain excluding 
postoperative pain

Systematic review 
3 RCT (Jadad scores)
Alimi et al. [170] (5/5)
Dang & Yang [169] (1/5)
Xia et al. [168] (1/5)
4 uncontrolled trials (all 0/5)
Alimi et al. [171]
Filshie et al. [98]
Xu et al. [172]
Rico & Trudnowski [173]

Manual acupuncture
Auricular acupuncture
Electroacupuncture

Insufficient evidence to make 
conclusion

Alimi et al. [170] Peripheral/central neuropathic 
pain after cancer-related 
treatment (90)

RCT (parallel group)
Auricular acupuncture at “true” points 
Auricular acupuncture at 
“nonacupuncture” points
Sham auricular acupuncture 
using nonpenetrating needles at 
“nonacupuncture” points

Auricular acupuncture
Point selection: on an individual basis 
according to electrodermal response. 
Implanted auricular needles left in situ 
until fell out
Treatment course: needles replaced 
at 1 month follow-up. Conventional 
medication continued 

Significant reductions in pain 
for acupuncture compared 
to nonacupoint and sham at 
1 and 2 months 

Dang & Yang [169] Chest, abdomen and back 
pain related to gastric 
carcinomas (48) 

RCT (parallel group)
Acupuncture using filiform needle (16)
Acupuncture point injection with 
“transfer factor aqueous solution” (16)
Western medicine (WHO analgesic 
ladder, 16)
[no treatment control (16)]

Manual acupuncture
Point selection: individual basis
1 � ST36, Sp6, ST34, P6, LI11, LI4
2 � P2, St19, Sp12, Sp10
Treatment course: 2 months
1 and 2 � 1 � 20 min session per day for 
2 weeks; 3 day interval between courses

Effective rate of analgesia 
All interventions relieved 
pain with no significant 
differences between groups

Xia et al. [168] Chest pain associated 
with lung, esophageal and 
stomach cancer (72) 

RCT (parallel group)
Manual acupuncture (38)
Radiotherapy or chemotherapy (38)

Manual acupuncture
Point selection: individual basis P6, 
St36 � others
Treatment course: 1 course for 30 days. 
Conventional medication continued

Reduction in chest pain –
no statistical analysis 

C
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Minton & 
Higginson [176]

Neuropathic pain 
associated with cancer 
(only 3 completed) 

RCT (cross-over)
Electroacupuncture
Sham acupuncture (Park sham 
device)

Electroacupuncture (2 Hz and 80 Hz)
Point selection: individual basis on 
recognized acupuncture meridians
Treatment course: 1 � 30 min session for 
6 weeks followed by 4 week washout and 
cross-over

No conclusion as only 3 patients 
completed study

Mehling et al. 
[174]

Postoperative pain 
associated with cancer-
related surgeries of the 
breast, abdomen, pelvis, 
head and neck (138)

RCT (parallel group)
Acupuncture, massage and usual 
care (93)
Usual care alone (45)

Manual acupuncture 
Point selection: core set of points (LI4, 
Sp6, auricular points) with additional 
points added
Treatment course: 1 � 30 min treatment 
of acupuncture and 1 � 30 min treatment 
of “Swedish” massage given each day 
– sequence and timing variable

Greater pain reduction when 
acupuncture and massage added to 
usual care. Cannot separate effects 
of acupuncture from massage

Wong & Sagar 
[175]

Pain associated with 
chemotherapy-induced 
peripheral neuropathy (5)

Pre/post assessment without control 
group

Manual acupuncture 
Point selection: CV6, ST36, LI11, Ba 
Feng, Ba Xie 
Treatment course: 1 � 30�45 min 
session of 6 weeks followed by 4 weeks 
rest and then repeat 6 week course again

All patients reported pain reduction 

Alimi et al. [171] Peripheral/central 
neuropathic pain 
associated with cancer 
inadequately managed 
with analgesics (20)

Pre/post assessment without control 
group

Auricular acupuncture 
Point selection: on an individual basis 
according to electrodermal response.
Implanted auricular needles left in situ 
until fell out
Treatment course: conventional 
medication continued

Mean pain decrease over 
2 months � 33 mm on 
100 mm VAS 

Transcutaneous electrical nerve stim
ulation and acupuncture

Continued on p. 358
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Table 27.2 Continued

Reference Condition (n) Type of research Acupuncture technique Results

Filshie et al. [98] Breathlessness and other 
symptoms, including anxiety 
and pain, associated with 
malignancy (20)

Pre/post assessment without 
control group

Manual acupuncture 
Point selection: LI4, ST36, 2 studs on 
sternum 
Needles left in situ for maximum of 10 
minutes
Treatment course: 1 treatment 
Conventional medication continued

No changes in pain were reported 
but there was a reduction in 
breathlessness in 14/20 patients which 
was the primary outcome measure

Xu et al. [172] Abdominal pain associated 
with stomach cancer (92)

Pre/post assessment without 
control group

Manual acupuncture 
Point selection: ST36 bilateral
Treatment course: 14 sessions in 2 
weeks. No concurrent medication used

81/90 patients reported complete or 
much relief at 1 month

Filshie & 
Redman [97]

Patients with pain from 
a range of malignancies 
including breast, bronchus, 
cervix (146) and also cancer 
patients with pain unrelated 
to cancer (37) 

Pre/post assessment without 
control group

Manual acupuncture 
Point selection: on an individual basis 
Needles inserted for a maximum of 15 
minutes
Treatment course: open, on an as-needed 
basis, after 3 or more weekly intervals 
Conventional medication continued

52% significant pain relief; 30% some 
pain relief; 
18% no pain relief

Rico & 
Trudnowski 
[173]

Poorly managed radiating 
back pain associated with 
various malignancies (22)

Pre/post assessment without 
control group

Electroacupuncture (6–8 Hz)
Point selection: unknown
Treatment course: 1 � session of 
unknown duration for 7 days
Conventional medication continued

18/22 patients reported benefit

Wen [67] Various pains associated 
with cancer and its treatment 
(29)

Pre/post assessment without 
control group

Electroacupuncture 
Point selection: unknown 
Treatment course: several per day and 
then on an as-needed basis

Reductions in opioid consumption

C
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 acupuncture trials as Lee et al. [167] and conclude that 
acupuncture may be useful in the short term, but rec-
ommendations were not possible because of a paucity 
of rigorous trials.

Acupuncture for cancer-related nonpain symptoms
A meta-analysis of 11 trials (n � 1247) found that 
acupuncture point stimulation by any method (nee-
dles, electrical stimulation, magnets or acupressure) 
did not reduce chemotherapy-induced nausea sever-
ity in cancer patients but did reduce the incidence of 
acute vomiting [178]. Needle stimulation was bet-
ter than noninvasive electrical stimulation for acute 
vomiting but not for nausea severity.

Electroacupuncture was better than manual acu-
puncture for reducing acute vomiting. Self-adminis-
tered acupressure reduced acute nausea severity but 
not acute vomiting. 

It is claimed that stimulation of acupuncture 
points can relieve dyspnea, and RCTs for nonmalig-
nant breathlessness due to chronic obstructive car-
diopulmonary disease have been positive [179 –181] 
although one pilot RCT was inconclusive [182]. A pilot 
RCT using 47 patients with lung or breast cancer with 
dyspnea found no significant differences between true 
and sham acupuncture delivered as a single session 
followed by twice-daily self-administration using studs 
[183]. A case series of 20 patients found that sternal 
and LI4 acupuncture reduced cancer-related breath-
lessness at rest in 14 of the patients [98].

A critical review of complementary therapies for 
cancer-related fatigue concluded that there were 
insufficient data to recommend acupuncture [184]. 
The reviewers found only one trial, a phase II RCT, 
using 37 patients with fatigue following cytotoxic 
chemotherapy [185]. Patients received acupunc-
ture either twice per week for 4 weeks or once per 
week for 6 weeks. Fatigue improved by 31.1% (95%
CI 20.6 – 41.5%).

A systematic review on the efficacy of acupuncture 
for xerostomia found three articles that met the crite-
ria for inclusion [186]. The reviewers judged that one 
trial was of high methodologic quality and reported 
inconclusive findings in patients with radiation-
induced xerostomia [187]. The trials of low method-
ologic quality reported positive outcomes in patients 
with xerostomia of various causes [188] and negative 
outcomes in patients with Sjögren‘s syndrome [189]. 

The reviewers concluded that evidence was lacking 
and that a high-quality RCT was needed [186]. The 
fact that acupuncture helped patients with xerosto-
mia refractory to treatment with pilocarpine is clini-
cally relevant and may merit further testing.

Patients with breast and prostate cancer undergoing 
anticancer therapy may experience treatment-related 
vasomotor symptoms. Several RCTs have found that 
acupuncture reduces menopausal symptoms although 
evidence from cancer patients is mostly limited to case 
series [190]. Nedstrand et al. evaluated relaxation and 
electroacupuncture in 38 breast cancer-treated post-
menopausal women with vasomotor symptoms and 
found that hot flushes were reduced by more than 
50% in both groups [191]. A retrospective audit of 
194 patients with breast and prostate cancer found 
that 114 (79%) patients achieved 50% or greater 
reduction in hot flushes [96]. Patients were treated 
with six weekly acupuncture treatments given at LI4, 
TE5, LR3 and SP6 and upper sternal points, and 
instructed to perform weekly self-acupuncture using 
semi-permanent or conventional needling for up to 6 
years. A treatment algorithm for management of vaso-
motor symptoms has been developed to guide clinical 
practice. 

Conclusion

Transcutaneous electrical nerve stimulation and acu-
puncture have an increasing clinical role  alongside 
pharmacologic management for cancer-related 
pain and particularly for patients who have failed 
to respond to conventional treatment. Much valu-
able observational work has been performed, yet at 
present, there is a lack of high-quality evidence to 
determine more precisely the effectiveness of both 
modalities. This may be partly due to lack of research 
funding for nondrug treatments. There is an obvi-
ous need for more clinical trials although 46 tri-
als of acupuncture for cancer were listed on the US 
National Institutes of Health clinical trials register on 
1 September 2009 (http: //clinicaltrials.gov). 
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Introduction

Therapeutic interventional techniques used in the 
management of chronic and malignant pain include 
various types of neural blockades and minimally inva-
sive surgical procedures. These therapies are employed 
for a wide range of painful conditions, despite ongo-
ing controversy about their effectiveness. Most of these 
procedures are performed on patients with chronic 
pain, which remains a poorly understood, complex 
clinical state associated with psychiatric, behavioral 
and neurobiologic implications. Clear, uniform met-
rics evaluating not only pain relief but other parame-
ters as well, including functional capacity, psychologic 
well-being and return-to-work status, are evolving but 
are still in their infancy. However, significant progress 
has been made in the last 20 years, which forms the 
foundation for evidence-based pain treatment. The 
purpose of this chapter is to evaluate systematically 
the efficacy of interventional therapies with a focus on 
spinal conditions, discuss the limitations of research 
methodology, and comment on future directions in 
interventional pain medicine research.

Epidural injections

Physicians have been injecting medications into the 
epidural space to relieve pain since the early 1900s. The 
first reported case of administration of  medication 

into the epidural space was in 1901 by Sicard [1], who 
injected a dilute cocaine solution through the sacral 
hiatus to treat lumbago. Numerous studies have since 
been performed evaluating the efficacy of various 
solutions and routes of administration. 

The rationale behind epidural steroid injections 
(ESI) is that higher concentrations of corticosteroid 
are delivered to the inflamed nerve root(s) than with 
oral, intravenous or intramuscular routes, result-
ing in enhanced pain relief and reduced side effects. 
ESI have been studied predominantly in patients 
with radicular pain, which is most commonly caused 
by a disk herniation. Disk herniations can produce 
radicular symptoms both by mechanical compression 
of a nerve root as well as chemical inflammation, as 
described by Olmarker et al. using a porcine model 
[2]. Inflammatory cytokines have been shown to 
mediate pain, promote intraneural edema, and reduce 
nerve conduction velocity in affected spinal nerves, all 
of which can be reversed by cytokine inhibition [3].

There are three ways to access the epidural 
space: the caudal, interlaminar, and transforaminal 
approaches. The interlaminar and transforaminal 
techniques can be used in the cervical, thoracic and 
lumbar spine. The caudal epidural space is accessed 
via the sacral hiatus, and hence is reserved for lum-
bosacral symptomatology. 

The interlaminar approach is the most common 
way to access the epidural space. However, medication 
injected by this approach may fail to reach the ventral 
epidural space, which is closest to the site of pathology 
(i.e. the ventral aspect of the lumbar nerve root sleeve 
and the dorsal aspect of the disk  herniation). In a 
multicenter analysis by Stojanovic et al. [4] evaluating 
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contrast dispersal patterns for cervical ESI, the authors 
found that spread into the ventral epidural space 
occurred only 28% of the time using 2 ml of injectate. 
This obstacle can usually be overcome by using the 
transforaminal approach, which in one study resulted 
in ventral epidural spread in all cases [5]. 

A key methodologic flaw is that many studies 
evaluating the efficacy of interlaminar ESI were done 
without fluoroscopic guidance. Previous studies have 
demonstrated high rates (8.8–70%) of false loss of 
resistance for blinded (without fluoroscopic guid-
ance) ESI [4, 6, 7]. Even when the epidural space is 
successfully accessed, blinded injections may not 
deliver the medication to the area of pathology. In a 
study conducted in 50 patients with failed back sur-
gery syndrome, Fredman et al. found that 5 ml of 
blindly administered injectate reached the targeted 
area only 26% of the time [6].

Many reviews have been written on the efficacy 
of ESI [8–20]. These reviews are limited by reviewer 
bias (reviews conducted by people who perform epi-
dural injections tend to be more favorable than those 
done by people who do not), the inclusion of studies 
with small sample sizes, serious methodologic flaws, 
inadequate outcome measures, and heterogeneity 
with respect to route of injection and use of fluor-
oscopy. In one of the earliest reviews, Koes et al. [8] 
illustrated the difficulty of properly evaluating the 
literature in a systematic review of 12 randomized 
clinical trials with disparate methodologic qualities, 
six of which were deemed positive and six negative. 
The primary care physicians who conducted this 
review concluded that the benefits of epidural ster-
oids, if any, seem to be of short duration only. A sim-
ilar review conducted 4 years later by a French task 
force of rheumatologists determined that eight of 
13 randomized studies demonstrated no measurable 
benefit [13]. The authors of this analysis concluded 
that no determination could be made regarding the 
efficacy of epidural steroids for sciatica. The main 
weaknesses in the studies analyzed in these reviews 
were that none utilized fluoroscopic guidance, and 
all used an interlaminar approach which has been 
shown to be clinically inferior to fluoroscopically 
guided transforaminal ESI [21]. 

In the recent European guidelines for the 
 management of chronic low back pain, Airaksinen 
et al. [22] concluded that epidural corticosteroid 

 injections should be considered only for radicular pain, 
if a contained disk prolapse is the cause of the pain, 
and if the corticosteroid is injected close to the site of 
pathology. They further noted that injections should 
be fluoroscopically guided towards the ventral epidural 
space. These recommendations are in direct contrast 
with those outlined in a recent report by a subcommit-
tee of the American Academy of Neurology which con-
cluded that lumbosacral ESI for radicular pain do not 
improve function, provide long-term pain relief (�3 
months) or obviate the need for surgery [20] For cer-
vical ESI, the authors found insufficient data to draw 
a conclusion. This review contained six high-quality 
randomized controlled trials, but there was marked 
heterogeneity among the studies with respect to out-
comes, method of injection, and use of fluoroscopy. 

Recent systematic reviews by Abdi et al. [19] and 
Boswell et al. [23] evaluating ESI based on route of 
administration reached a different conclusion. The 
consensus from these reviews is that the evidence 
supporting lumbar transforaminal, cervical inter-
laminar and caudal epidural injections is strong for 
short-term pain relief and functional improvement, 
and moderate for long-term pain relief. The evidence 
for lumbar interlaminar injections is strong for 
short-term improvement but limited for long-term 
benefit.

Tables 28.1–28.3 summarize the randomized con-
trolled trials that evaluate caudal, interlaminar and 
transforaminal epidural steroid injections (TFESI), 
respectively. Of note, fluoroscopic guidance was not 
used in any study in Table 28.1 or 28.2. Also notewor-
thy is that five studies in Table 28.2 were conducted 
in patients hospitalized for their pain. One prospec-
tive, randomized, double-blind study by Thomas 
et al. [21] compared the efficacy of transforaminal 
and interlaminar ESI in patients with sciatica. At 
30 days post procedure, pain relief was significantly 
better in the transforaminal group. At 6 months, sig-
nificant benefit continued to be observed with respect 
to pain relief, daily activities, work activity, anxiety 
and depression in the transforaminal group. This 
study demonstrated a difference in clinical outcome 
based on the method of injection. In a randomized 
 controlled study conducted by an orthopedic surgery 
group, Riew et al. [24, 25] found that a majority of 
patients who underwent lumbar TFESI elected not to 
undergo decompression surgery. 
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Table 28.1 Randomized controlled trials evaluating caudal epidural steroid injections

Author, method Patients Interventions Results Comments

Bush & Hillier [54] 
Double-blind randomized 
controlled trial

23 patients with 
lumbosacral radiculopathy 

2 injections performed at 2-week 
intervals. 12 pts received 25 ml 
steroid, saline and LA and 11 pts 
received saline

At 4 weeks the RX group had 
statistically significant improvements 
in pain, lifestyle, and SLR compared 
to controls

Both groups improved at 1 year, 
with no statistical difference 
between groups. 25 ml saline may 
be therapeutic

Mathews et al. [55] 
Double-blind randomized 
controlled trial

57 patients with single-
level radiculopathy

Maximum of 3 injections at 
2-week intervals. 23 pts received 
up to 3 injections of 20 ml of 
LA with steroid vs trigger point 
injections with 2 ml of LA 

At 1 month 67% of treated patients 
improved compared to 56% of 
controls. At 3 months, treatment 
group had larger decrease in pain 
score

3-month pain score was the only 
statistically significant difference

Breivik et al. [56]
Double-blind randomized 
controlled trial

35 patients with 
radiculopathy 

16 pts received 20 ml of LA and 
steroid and 19 pts received 20 ml 
of LA followed by 100 ml of saline. 
Up to 3 injections at weekly 
intervals

63% of pts who received steroid 
reported good short-term pain relief 
vs 25% in control group. At 6 months, 
50% reported pain relief in the RX 
group vs 20% in the control group

50% of pts treated with steroids 
returned to work vs 20% of the pts 
treated with LA and saline

*None of the studies were conducted with fluoroscopic guidance.
LA, local anesthetic; SLR, straight leg raising.
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Table 28.2 Randomized controlled trials evaluating interlaminar epidural steroid injections

Author, method Patients Intervention Results Comments

Wilson-McDonald et al. 
[57] Single-blind 
randomized controlled trial

93 patients with lumbosacral 
radiculopathy secondary to 
herniated disk or spinal 
stenosis 

Pts received either a 10 ml 
injection of LA and steroid 
injected epidurally or intra-
muscularly. Control group could 
cross-over to ESI if no benefit 

Treatment group had better 
pain relief at 35 days. No 
difference between groups at 
1 year or difference in rate of 
surgical intervention

Significant difference was noted 
10 days after the treatment. 
Fluoroscopy was not used

Arden et al. [58]
Multicenter double-blind 
randomized controlled 
trial

228 patients with unilateral 
lumbosacral radiculopathy

3 injections at weeks 0, 3, and 6. 
Treatment group received 10 ml 
of LA and steroid epidurally vs 
2 ml of saline in interspinous 
ligament

Improvement in treatment 
group at 3 weeks. No 
differences noted after 
6 weeks. NNT was 11.4

At study conclusion 55% of patients 
in the active group and 45% in control 
group believed they had received an 
epidural injection. Fluoroscopy not 
used

Valat et al. [59] 
Multicenter double-blind 
randomized controlled 
trial

85 hospitalized patients with 
lumbosacral radiculopathy

3 injections at 2-day intervals. 
Treatment group received 
prednisolone vs 2 ml of 
epidural saline in control group

At 20 and 35 days no difference 
in any primary or secondary 
outcome. NNT to achieve one 
more success with steroids 
than saline was 6.5

51% in the treatment group and 36% 
in the control group were considered 
a success. Fluoroscopy not used

Buchner et al. [60] 
Single-blind randomized 
controlled trial

36 hospitalized patients with 
lumbosacral radiculopathy 
from a herniated disk

3 injections within 14 days. 
Treatment group received 10 ml 
of LA and steroid vs standard 
rehabilitation in control group

Statistically significant 
improvement of straight leg 
raise test at 2 weeks. Treatment 
group had nonstatistically 
significant improvements in 
pain relief and mobility

Final results at the 6-month follow-up 
not statistically significant. Treatment 
group: 88% return-to-work rate, 
12% surgery rate. Control group: 74% 
return-to-work rate, 24% surgery rate. 
Fluoroscopy not used

Carette et al. [26]
Double-blind placebo-
controlled trial

158 patients with lumbosacral 
radiculopathy due to a 
herniated disk

Injections at 0, 3 and 6 weeks 
only if no improvement. 
Treatment group received 
steroid mixed with 8 ml saline. 
Control group received 1 ml of 
epidural saline

No difference in the primary 
outcome (Oswestry Disability 
Index score). No difference in 
rate of back surgery between 
groups over 1 year

Epidural steroid injections did afford 
mild-to-moderate improvement in leg 
pain and sensory deficits at 6 weeks 
and reduced the need for analgesics. 
Fluoroscopy not used 
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Kraemer et al. [61] 
Randomized controlled 
trial

133 hospitalized patients with 
lumbosacral radiculopathy

3 injections in 1 week. Pts 
randomized to receive 10 mg 
of transforaminal epidural 
triamcinolone with 1 ml of 
LA vs interlaminar epidural 
steroid or paravertebral local 
anesthetic. Dose not reported

68% in transforaminal 
group had good result vs 53% 
in interlaminar epidural group. 
65% of control group did not 
improve

Follow-up period was 3 months. No 
major side effects were reported in 
either group. CT guidance used for 
perineural injections

Ridley et al. [62] 
Randomized controlled 
trial

35 patients with lumbosacral 
radiculopathy

Treatment group received 
10 ml of saline and steroid. 
Control group received 2 ml 
interspinous saline

90% reported improvement at 
2 weeks in treatment group vs 
19% in control group

Significant difference in pain relief up 
to 12 weeks. Fluoroscopy not used

Cuckler et al. [63]
Double-blind randomized 
controlled trial

73 patients hospitalized with 
lumbosacral radicular pain 
secondary to herniated disk or 
spinal stenosis

Single injection with 2nd 
nonblinded injection after 
24 hours if no improvement. 
Treatment group received 
steroid with 5 ml LA vs 2 ml of 
saline and 5 ml LA in control 
group

No significant long- or short-
term differences between 
groups. Average long-term 
follow-up was 20.2 months

61% of patients in the treatment 
group and 62.5% of patients in the 
control group reported improvement 
24 hours post injection. Fluoroscopy 
not used

Dilke et al. [64] 
Double-blind randomized 
controlled trial

100 hospitalized patients with 
lumbosacral radiculopathy

Single injection, with 2nd 
injection after 1 week if no 
improvement. Treatment group 
received 80 mg of steroid in 
10 ml of saline. Control group 
received interspinous ligament 
injection of 1 ml of saline

31% of treatment group had 
clear-cut pain relief vs 8.3% 
of controls at final 3-month 
follow-up. 

Improvement in disability also noted. 
92% return-to-work rate in RXgroup 
vs. 60% in control group. Fluoroscopy 
not used 

ESI, epidural steroid injection; LA, local anesthetic; NNT, number needed to treat.
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Table 28.3 Transforaminal epidural steroid injection randomized controlled trials

Author, method Patients Intervention Results Comments

Riew et al. [24, 25]
Double-blind 
randomized 
controlled trial

55 patients with spinal 
stenosis or disk herniation 
referred for surgical 
evaluation

Pts received up to 4 injections 
with fl uoroscopic guidance. 
Treatment group received 1 ml of 
LA plus steroid vs. 1 ml of LA in 
control group 

8/28 in the treatment group and 
18/27 in the control group chose 
surgery (P�0.04) 

At 5 years, 17 of the 21 patients who 
avoided surgery at initial analysis (13–28 
mos) had not had surgery. No difference 
between groups. All patients who avoided 
surgery had improvements in neurologic 
symptoms and back pain

Ng et al. [65]
Double-blind 
randomized 
controlled trial

88 patients with unilateral 
leg pain � back pain � 6
weeks duration. 2 patients 
terminated for blinding 
failure

Single injection with fluoroscopic 
guidance with contrast. 
Treatment group received 2 ml of 
LA with steroid vs 2 ml of LA in 
control group

No significant difference noted 
between groups. Prolonged pain 
duration associated with less 
favorable outcomes at 3 months

Clinical improvement noted in both groups 
at 3-month follow-up

Vad et al. [66]
Randomized (by 
patient choice) 
controlled trial

50 patients with 
lumbosacral radiculopathy

Treatment group received 
1–3 fluoroscopically guided 
transforaminal ESI with 1.5 ml of 
LA and steroid vs 1–2 paraspinal 
trigger point injections in control 
group

84% successful outcomes in 
treatment group versus 48% in 
control at 1-year follow-up 

Patients in the treatment group with 
symptoms lasting over 1 year had a 50% 
success rate. Mean follow-up 16 months 

Karppinen et al. 
[67, 68]
Double-blind 
placebo-controlled 
trial

160 patients with 
lumbosacral radiculopathy 
�6 months duration

Single injection with fluoroscopic 
guidance. Treatment group 
2–3 ml of steroid and LA vs. 
transforaminal saline in the 
control group 

Treatment was superior to control 
at 2 weeks for leg pain, straight leg 
raise test and range of motion. 
Control was superior at 3 and 
6 months for back pain and at 
6 months for leg pain

Subgroup analysis found treatment 
superior to control for contained 
herniations, resulting in prevention of 
surgery and reduced medical cost

Kraemer et al. [61] 
Prospective double-
blind trial

49 hospitalized patients 
with intractable sciatica

Treatment group received 
epidural/ perineural injection of 
corticosteroid and saline vs saline 
alone in control group. Saline 
 volume not specified

At 3 months perineural injections had 
a significantly better outcome than 
control group (55% good results vs 
40% good results)

Surgery rates were under 5% in both 
groups without significant differences. CT 
guidance used for perineural technique

ESI, epidural steroid injection; LA, local anesthetic.
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Fluoroscopic guidance and method of injection 
(interlaminar versus transforaminal) appear to account 
for most of the heterogeneity among the systematic 
reviews. The reviews with heterogeneity among meth-
ods of injection did not find a clinical benefit for the 
procedure [8, 20] while those which stratified trials 
based on the method of injection did find evidence to 
support a clinical benefit for transforaminal and cau-
dal ESI performed with fluoroscopic guidance [19, 23]. 
Considering that transforaminal and caudal ESI more 
reliably deliver medication to the ventral epidural space, 
this finding is not surprising [4, 5]. Transforaminal ESI 
have also been found to decrease the rate of surgical 
interventions while interlaminar ESI have not [24, 26]. 
Additionally, transforaminal injections were found to 
be clinically superior in a head-to-head RCT [21].

Although fewer studies have evaluated cervical 
interlaminar and transforaminal injections, the ones 
that did are predominantly positive. In separate sys-
tematic reviews, Boswell et al. [23] and Abdi et al. [19] 
both concluded that there is moderate evidence to 
support interlaminar and transforaminal cervical ESI 
to treat cervical radiculopathy. In a Cochrane review 
assessing conservative treatment for mechanical 
neck disorders, Peloso et al. [18] also found cervical 
interlaminar ESI to be beneficial, although the con-
clusion was limited by the inclusion of only a single 
controlled trial. In a randomized, controlled study, 
Stav et al. [27] compared cervical epidural injections 
of methylprednisolone and lidocaine to intramuscu-
lar methylprednisolone and lidocaine in patients with 
cervical radicular symptoms. One year after their 
injection(s), 68% of patients in the epidural group 
continued to experience improved pain and func-
tion, compared to only 12% in the intramuscular 
group. Finally, Castagnera et al. [28] randomized 42 
patients with cervical radicular symptoms to receive 
either a single cervical epidural injection with local 
anesthetic plus corticosteroid, or local anesthetic with 
steroid and low-dose morphine. One year after injec-
tion, 80% of patients in both groups reported good to 
excellent pain relief. There are presently no published 
controlled trials on cervical TFESI. The four prospec-
tive case series showed good short- and long-term 
results [29–32]. 

These results, however, must be weighed against 
the increased risk of cervical TFESI compared to 
all other types of epidural injection. There are 

numerous reports of death and paraplegia follow-
ing cervical and thoracic TFESI [33–35] and several 
reports of paraplegia after lumbar TFESI [36]. In a 
cross-sectional study that surveyed members of the 
American Pain Society about complications of cer-
vical TFESI, 287 respondents out of 1340 physicians 
reported 78 serious complications that included 
30 cases of brain or spinal cord infarcts, and 13 
fatalities. However, the complication rate cannot be 
determined from these data since the denominator 
remains unknown. In a 2003 Medicare claims study, 
37,651 cervical and thoracic TFESI were performed 
[37]. Scanlon et al. reported 12 serious complica-
tions for 2003 [38]. 

Proposed mechanisms of injury include spinal cord 
infarct from particulate injection into radicular arter-
ies, vertebral artery perforation, and needle-induced 
vasospasm. In contrast, serious complications result-
ing from lumbar transforaminal, cervical interlaminar 
and caudal ESI are exceedingly rare (see Table 28.4 for 
common complications) [39– 42].

In summary, the preponderance of evidence sup-
ports the use of ESI for carefully selected candidates 
with a predominance of radicular symptomatology. 
There is strong evidence for short-term pain relief, 
and limited evidence for benefits lasting longer than 
6 weeks. The best candidates for ESI are patients with 
acute, mostly extremity pain secondary to a herniated 
disk. Transforaminal ESI appear to afford better and 
longer lasting relief than interlaminar and caudal ESI, 
but the added benefit must be balanced against the 
higher risk associated with the procedure. For cervical 
radiculopathy, the evidence supporting cervical ESI is 
positive but limited by the paucity of data. 

The practice of limiting injections to three in 
6 months is not based on sound, scientific evi-
dence in the form of prospective randomized stud-
ies [43]. Rather, the law of diminishing returns both 
anecdotally and theoretically dictates an inverse 
 relationship between the number of injections and 
the added  benefit for each successive injection, since 
the inflammatory component of chronic pain is lim-
ited. Moreover, the risk of complications and steroid-
induced adverse effects is a direct function of the 
number of injections. Thus, it would appear to be 
prudent to limit the number of injections, though 
the exact number and timing of injections need to be 
defined in clinical trials.
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 Table 28.4 Common epidural steroid injection complication rates

Headache Axial Pain Flushing Vasovagal 
reaction

Other Other Other Minor complication rate

Cervical interlaminar 345 
injections/157 patients [41]

4.6% 6.7% 1.5% 1.7% Fever 
0.3%

Dural Puncture 
0.3%

NR 16.8%

Thoracic interlaminar 39 
injections/21 patients [42]

2.6% 7.7% 5.1% NR Fever 
2.6%

Insomnia  2.6% NR 20.5%

Lumbar transforaminal 322 
injections/207 patients [39]

3.1% 2.4% 1.2% 0.3% HTN 
0.3%

Increased blood 
sugar 0.3%

NR 9.6%

Caudal 257 injections/139 
patients [40]

3.5% 3.1% 2.3% 0.8% N 0.8% Insomnia 4.7% Leg Pain 0.4% 15.6%

HTN, hypertension; Insomnia, night of procedure only; N, nausea; NR, not reported. 
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Epidural adhesiolysis
Percutaneous epidural adhesiolysis and spinal endo-
scopic adhesiolysis are interventional pain manage-
ment techniques used to treat patients with refractory 
low back pain presumably due to epidural scarring. 
These techniques trace their foundation back to the 
1930 s when Evans [44] described the caudal epidural 
injection of 100 ml of fluid. Evans reasoned that 
physical displacement of neural elements by injected 
fluid might lead to lysis of adhesions and possibly 
even anesthesia. He reported a 60% “cure” rate in 40 
patients with chronic sciatica.

Whether epidural scar formation is a chief com-
ponent of postlaminectomy pain or an innocuous 
byproduct of surgery remains a subject of intense 
debate. A recent preclinical postlaminectomy rat 
model demonstrated evidence of prominent nerve 
root scarring and adherence to the adjacent disk and 
pedicle after laminectomy, with subsequent behavioral 
evidence of tactile allodynia [45]. Formation of scar 
and entrapment of peripheral nerves have been found 
to result in neuropathic pain processes at peripheral 
sites [46– 49] but radiologic evidence of scar forma-
tion has not been found to be predictive of postlami-
nectomy pain [50]. Clearly, further research into the 
etiology of postlaminectomy pain is needed to shed 
light on this common clinical condition. 

Trescot et al. [51] recently performed a system-
atic review of the effectiveness and complications of 
adhesiolysis. The authors concluded there was strong 
evidence for short-term and moderate evidence for 
long-term effectiveness of percutaneous adhesiolysis 
and spinal endoscopy to relieve chronic low back and 
extremity pain. Percutaneous adhesiolysis and spinal 
endoscopy randomized controlled trials are presented 
in Table 28.5. Definitive conclusions based on clini-
cal trials evaluating these interventions are difficult 
to reach due to the many procedural variables present 
in these complex procedures. Perhaps the best study 
evaluating epidural adhesiolysis is that of Dashfield 
et al. [52], who randomized 60 patients with lum-
bosacral radiculopathy to receive either a caudal ESI 
or ESI plus lysis of adhesions via epiduroscopy and 
infusion of large volumes of saline. Whereas both 
groups demonstrated improvements up to 6 months 
post procedure, no differences were noted between 
groups in any outcome variable at any follow-up 
period. Shortcomings in this study included not 

selecting patients with demonstrated epidural fibrosis 
(those with prior back surgery were excluded), and 
not injecting medications that may enhance adhesi-
olysis such as hypertonic saline and hyaluronidase. 

In summary, there is conflicting evidence sup-
porting any advantage of epidural adhesiolysis over 
conventional ESI for low back pain with radicular 
symptoms. This view is consistent with that of the UK 
National Institute of Health and Clinical Excellence 
(NICE)[53], which declared that current evidence 
does not support the routine use of epidural lysis of 
adhesions for low back or leg pain.

Facet interventions

Since Goldthwaite [74] first noted in 1911 that zyga-
pophysial (aka facet) joints could be a source of back 
pain, thousands of scientific papers have been pub-
lished on the subject. Today, facet interventions rep-
resent the second most common type of procedure 
performed in pain management centers throughout 
the United States [37]. 

The two most commonly used methods to treat 
facet-mediated pain are intra-articular corticoster-
oid injections and medial branch radiofrequency 
(RF) denervation, which destroys the afferent nerve 
supply to the joint(s). Since the facet articulation 
is a true synovial joint, many physicians have advo-
cated treating zygapophysial joint (z-joint) pain with 
intra-articular corticosteroid injections, as is done 
with varying degrees of success in most other joints 
in the body. The use of fluoroscopically guided RF 
facet denervation to treat facet pain was pioneered by 
Shealy [75] in the mid 1970s. Each facet joint receives 
dual innervation from the medial branch arising from 
the posterior primary rami at the same level and one 
level above the joint [76]. The randomized control-
led trials evaluating RF denervation are reviewed in 
Tables 28.6 and 28.7.

The efficacy of intra-articular injections is a sub-
ject of controversy. In five recent reviews, the authors 
were split as to whether intra-articular steroids con-
stituted an effective treatment for facet joint pain, 
with three concluding they did not [77–81]. In the 
most recent comprehensive review, Cohen & Raja 
[82] concluded that intra-articular steroid injec-
tions may provide intermediate-term relief to a small 
subset of patients with facet pain associated with 
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Author, Method Patients Intervention Results Comments

Viehelmann et al. 
[69] Randomized 
controlled trial

99 patients with chronic 
low back pain and 
lumbosacral 
radiculopathy (13 with 
prior back surgery)

Treatment group: catheter inserted through sacral 
hiatus to level of pathology. 9 ml of LA and 1 ml 
steroid injected, followed 30 minutes later by 
10 ml of hypertonic saline. Control group r
eceived standard physiotherapy

Through 1-year follow-
up, leg and back pain was 
significantly reduced and 
functional improvement noted 
in the treatment group. Pain 
medication usage was reduced 
in both groups 

No major complications. 15 patients 
had transient sensory deficits

Manchikanti et al. 
[70] Double-
blind randomized 
controlled trial

75 patients with epidural 
fibrosis, 
spinal stenosis, and/
or disk degeneration

Group I: control group with catheter placement 
followed by injection of 14 ml of LA, steroid and 
saline. Group II: adhesiolysis with 14 ml of LA, 
steroid and saline after epidurography. 
Group III: adhesiolysis with same solution 
except hypertonic saline used instead of normal 
saline

Group II and group III had 
statistically significant 
reductions in pain scores 
compared to group I at 3, 6, 
and 12 months

Only difference between 
adhesiolysis and nonadhesiolysis 
groups was catheter placement 
guided by contrast. Significant 
improvement noted for depression, 
anxiety, and somatization scores as 
well as decreased opioid use

Manchikanti et al. 
[71]
Randomized 
controlled trial

45 patients with 
chronic low back and leg 
pain

Treatment group (n � 30): adhesiolysis with 
11 ml of hypertonic saline and LA plus steroid 
(1–10 injections over 1.5–3 year period). Control 
group (n � 15): standard physical therapy 
program and medications

93% of pts in RX group 
improved at 6 months, 47% 
at 1 year. Improvement 
noted for anxiety, pain and 
function

Patients received up to 10 
procedures. No complications 
noted. Control group consisted of 
pts who refused or insurance would 
not pay for injections

Heavner et al. [72]
Double-blind 
randomized trial

83 patients with 
chronic low back 
pain due to epidural 
fibrosis 

Group I: hypertonic saline plus hyaluronidase. 
Group II: hypertonic saline. Group III: isotonic 
saline. Group IV: isotonic saline plus hyaluro-
nidase. All patient received epidural local 
anesthetic and steroid

Percentage of patients 
with improved pain scores 
did not differ between
 groups. 49% of the patients 
reported relief at 12 months

Only 59 completed study. Infused 
volumes not noted. No additional 
benefit with hyaluronidase

Manchikanti et al. 
[73]
Double-blind 
randomized trial

83 patients with 
chronic low back and 
leg pain (84% with 
prior back surgery)

Group I: control group (n � 33) placement of 
endoscope with injection of 10 ml of LA and 
steroid. Group II: treatment group (n � 50) same 
as group I plus irrigation of up to 100 ml of saline 
and video-assisted adhesiolysis

Statistically significant 
decrease in VAS score 
compared to baseline and 
control group at 3 and 12 
months. 48% of patients had 
over 50% pain relief at 1 year

Return-to-work rate and anxiety 
improved in RX group at 12 months

Dashfield et al. [52]
Double-blind 
randomized 
controlled trial

60 patients with 
lumbosacral 
radiculopathy 
between 6 and 
18 months duration 

Treatment group received spinal epiduroscopy 
with LA and steroid injection as well as visualized 
adhesiolysis. Mean volume infused 132 ml. 
Control group received caudal epidural with 
10 ml LA plus steroid 

Both groups benefited from the 
treatment with no difference 
between groups

Postsurgical patients were 
excluded and few adhesions were 
found on epiduroscopy

LA, local anesthetic.
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Table 28.6 Prospective clinical trials evaluating intra-articular steroid injections for lumbar and cervical facet joint pain 

Author, method Patients Intervention Results Comments

Lynch & Taylor 
[106]
Prospective trial

50 pts with chronic 
LBP accompanied by 
paraspinal tenderness 
and pain worsened by 
hyperextension

Underwent attempted intra-
articular steroid injections at 2 
most caudal l-z joints. Failed 
“extra-articular” injections 
designated as “control” group

Relief of pain at 2 weeks and 6 months 
was better in pts who had 2 intra-articular 
injections than the other groups. Pts who had 
1 intra-articular injection had better relief than 
those who had no successful injections

Flaws include lack of randomization, poor 
outcome assessment, failure to identify 
pts based on diagnostic injections, and 
failure to blind the examining physician

Lilius et al. [107]
Prospective 
randomized 
controlled trial

109 pts with unilateral 
chronic LBP

Received 8 ml of LA & steroid 
injected into 2 l-z joints (n � 28), 
around 2 joints (n � 39) or 8 ml 
of NS into 2 joints (n � 42)

All 3 groups demonstrated significant 
improvement in pain scores (at 3 months), 
disability scores, clinical exam findings and 
return to work at 6 weeks post injection. No 
differences were noted on any variable 
between groups

Pts were not diagnosed with l-z joint pain 
before injection. Large volumes utilized 
rendered injections nonspecific. Large 
standards of deviation were found for 
variables measured. Other flaws include 
suboptimal outcomes measures & lack of 
a blinded observer. Pain scores measured 
at 3 months by questionnaire 

Nash [108]
Prospective 
randomized 
controlled trial

67 pts with chronic 
LBP 

Randomized by pairs to 
receive either 1.5 ml of 
intra-articular LA & steroid or 
MBB with 2 ml of LA

At 1-month follow-up, 12 pairs reported MBB 
to be more beneficial, 11 reported intra-
articular injection to be better and 3 reported 
no difference 

11 pts lost to follow-up. Flaws include not 
using l-z joint blocks for diagnosis, lack of a 
blinded observer, poor outcome measures, 
and no true control group 

Carette et al. 
[109]
Double-blind 
randomized 
controlled trial

97 pts with chronic 
LBP who reported 
immediate relief after 
LA facet injections 

Received either 2 ml of steroid 
& saline (n � 49) or saline 
(n � 48) into L4-5 and L5–S1 l-z 
joints

42% of pts who received steroid and 33% 
who received placebo reported marked 
improvement for up to 3 months (P � NS). 
At 6 months the steroid group reported 
less pain and disability. Only 22% of pts in 
steroid group and 10% in placebo group had 
sustained improvement thru 6 months

Differences between groups at 6 months 
reduced when co-interventions taken into 
account. Although this is the only study that 
identified study pts based on diagnostic 
injections, these injections were not 
“controlled.” NS is known to provide pain 
relief � than expected from placebo 

Marks et al. 
[110]
Prospective 
randomized 
controlled trial

86 pts with chronic 
LBP 

Randomized to receive either 
1.5 ml of steroid and LA MBB 
or intra-articular injections 
(2 ml at lowest level)

Pts who had facet joint injections had better 
pain relief than those who had MBB at all 
follow-up visits up to 3 months, but this was 
only significant at 1-month review 

Flaws include no true control group, failure to 
identify pts based on diagnostic injections, 
no monitoring of co-interventions, lack 
of a blinded observer and poor outcome 
assessment

Continued on p.380
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Table 28.6 Continued

Author, method Patients Intervention Results Comments

Barnsley et al. 
[86]
Double-blind 
randomized 
controlled trial

41 pts with chronic 
neck pain following 
MVA 

Randomized to either 1 ml of 
0.5% bupivacaine or 5.7 mg 
betametasone into painful 
cervical facet joints diagnosed 
by comparative LA MBB

Less than half the pts reported relief 
for more than 1 week, and less than 1 in 5 
pts reported relief for more than 1 month, 
irrespective of treatment group. Median time 
to return of 50% of preprocedure pain was 
3 days in steroid group and 3.5 in LA group 
(P � NS)

All pts with neck pain following whiplash 
injury. May be different fromchronic neck 
pain of other etiologies. Some pts with long-
lasting benefit in both groups 

Fuchs et al. 
[111]
Prospective 
randomized 
comparative trial

60 pts with chronic 
LBP 

Randomized to receive either 1 
ml of hyaluronic acid or steroid 
into the 3 lowest facet joints at 
weekly intervals x 6

Pts who received HA injections experienced 
a 40% decrease in pain scores vs a 56% 
reduction in those who received steroid 
(P � NS). Greatest pain reduction observed 
3 months post treatment in HA group and 
1 week post treatment in steroid group

Inclusion criteria included at least moderate 
facet degeneration on radiologic imaging. 
Flaws include lack of a control group, 
failure to identify pts based on diagnostic 
injections, no monitoring of co-interventions 
and multiple injections

Pneumaticos 
et al. [84]
Prospective 
randomized 
comparative trial

47 pts with chronic 
LBP worse with 
lumbar extension and 
radiologic evidence of 
l-z joint abnormalities

Randomized in a 2:1 ratio to 
undergo intra-articular LA 
& steroid injections (3 ml) 
based on SPECT scans or 
physical examination

1-month post injection, 87% of pts with 
(�)SPECT had significant pain improvement 
vs 12.5% of pts with (�)SPECT and 31% 
of pts who underwent injections based on 
physical exam 

Differences remained significant at 3 months 
but not 6 months post injection. Pain scores 
obtained by mailed questionnaire. No 
functional assessment done. Use of SPECT 
was cost effective

HA, hyaluronic acid; LA, local anesthesia; LBP, low back pain; l-z, lumbar zygapophysial; MBB, medial branch block; MVA, motor vehicle accident; NS, normal saline; pts, patients; SPECT, single 
photon emission computed tomography.

C
hapter 28
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Table 28.7 Outcomes for randomized, controlled studies assessing medial branch radiofrequency denervation for lumbar and cervical facet joint pain

Author, method Type and number of 
patients

 Interventions Results Comments

King & Lagger [112]
Prospective randomized 
controlled trial

Subjects were 60 pts with 
chronic low back and 
leg pain plus paraspinal 
tenderness 

Randomized to 3 groups. Group 
I had RF denervation of the 
primary posterior ramus, group II 
had RF performed using a 1.25 
inch needle inserted within the 
area of maximum tenderness 
(assumed to be a myotomy) and 
group III received stimulation but 
no coagulation (control)

In group I, 27% had �50% relief 
at 6 months vs 53% in group II and 
0% in group III

Did not use diagnostic blocks before 
randomization. Likely included many 
pts with sciatica. In some pts, 1.25 
inches may be sufficient to reach medial 
branch. Used 120 s lesion; 3 lesions 
were empirically made without electrical 
stimulation

Gallagher et al. [97]
Double-blind randomized 
controlled trial

Subjects were 41 pts 
with chronic LBP who 
obtained “clear-cut or 
equivocal” relief from single 
intra-articular facet joint 
injections with LA and 
steroid

18 pts with a good response and 
6 pts with an equivocal response 
underwent RF denervation. 12 
pts with a good response and 
5 with an equivocal response 
underwent sham denervation

Significant differences in pain 
scores noted only between 
patients with a good response 
to LA blocks who underwent 
true RF denervation (n � 18) and 
those with a good response who 
underwent sham treatment 
(n � 12). Differences were noted 1 
and 6 months after procedures

Did not define “good” or “equivocal” 
response to diagnostic injections. 
Anatomic landmarks not well described. 
Observer not blinded. Electrode not 
placed parallel to nerve. In “Methods” 
stated only LA used, but in abstract 
stated LA and steroid were used. Used 
90 s lesions

van Kleef et al. [98]
Double-blind randomized 
controlled trial

Subjects were 31 pts with 
chronic LBP who obtained 
�50% pain relief after a 
single MBB (1 drop-out) 

Compared true denervation to 
sham. Treatment: 60 s RF lesion 
after electrode placement with 
multifidus stimulation to identify 
the medial branch. Control: 
needle placement with sham 
denervation

After 3 mos, 9 of 15 pts in lesion 
group vs 4 of 16 in sham group 
had �50% pain relief. At 1-yr 
follow-up, 7/15 in lesion group 
& 2/16 in sham group had �50% 
relief

Used 0.75 ml of injectate for diagnostic 
blocks. Electrode not placed 
perpendicular to target nerve. Used 
multifidus rather than sensory stimulation 
to identify medial branch. Used 60 s 
lesions

Saunders & Zuurmond 
[113]
Double-blind randomized 
controlled trial

Subjects were 34 pts with 
chronic LBP who obtained 
�50% relief after single 
intra-articular injection with 
lidocaine

Half the pts received medial 
branch RF denervation and 
half intra-articular denervation. 
3 month follow-up

Both groups improved at 
3 months, but intra-articular 
denervation group improved 
more than medial branch RF 
group 

Used 1 ml for diagnostic blocks. Medial 
branch lesions done at inferolateral 
aspect of facet capsule & upper border of 
transverse process. 3 intra-articular facet 
lesions done. Used 60 s lesions 

Continued on p.382
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Author, method Type and number of 
patients

 Interventions Results Comments

Leclaire et al. [90]
Double-blind randomized 
controlled trial

Subjects were 70 pts with 
chronic LBP who obtained 
“significant” pain relief 
lasting �24 h after single 
intra-articular facet injection 
with lidocaine & steroid 
(4 drop-outs) 

Compared true denervation to 
sham. Treatment: 2 lesions of 
90 s duration with localization 
of the medial branch with 
sensory stimulation. Control: 
needle placement with sham 
denervation. 12-week follow-up

At 4 wks there were modest 
improvements in Roland-Morris 
(P � 0.05) and VAS pain scores 
(P � NS), but not Oswestry score. 
No difference in any outcome 
measure at 12 wks 

Did not define “significant pain relief” 
with diagnostic injection. Inclusion 
criteria of �24 hr pain relief is 
inconsistent with pharmacology of 
lidocaine. Performed 2 lesions, each for 
90 s. Anatomical landmarks not noted. 
Electrode not placed parallel to nerve

van Wijk et al. [102]
Double-blind randomized 
controlled trial

81 pts with chronic LBP who 
obtained �50% pain relief 
after 2-level intra-articular 
facet injection with LA (no 
drop-outs) 

Compared true denervation to 
sham. Treatment: 60 s lesions 
with localization of the medial 
branch with sensory stimulation. 
Control: needle placement with 
sham denervation. 3 month 
follow-up

Combined outcome measure 
(pain score, physical activity and 
analgesic intake) showed no 
differences between groups at 
3 months. VAS pain score 
improved in both groups at 3 
months. Global perceived effect 
was greater in treatment than 
sham group at 3 months

Blinding ended at 3 months in �70% 
of pts. Improvement in pain scores 
persisted throughout 12-month follow-
up. Used 60 s lesions 

Lord et al. [91]
Double-blind randomized 
controlled trial

24 pts (12 per group) 
with neck pain lasting more 
than 3 months after MVA 
and failed conservative 
therapy. Included pts with 
positive response to 
placebo-controlled, 
diagnostic blocks

Treatment: medial branch RF 
lesion 90 s at 80°C. Control: 
electrode insertion with sham 
treatment. Follow-up 3 months 
(12 months in pts with persistent 
relief)

Mean time to return of 50% of 
preoperative pain was 263 days 
in RF group and 8 days in 
placebo group (P � 0.04); At 27 
weeks, 7 pts in RF group and 1 in 
control group remained pain free

Excluded pts with solely C2–3 facet 
pain. Five pts in RF group with 
numbness in territory of treated nerves

Stovner et al. [96]
Double-blind randomized 
controlled trial

12 pts with unilateral 
cervicogenic HA received 
comparative LA blocks and a 
greater occipital nerve block

Randomized to cervical facet RF 
or sham procedure. Follow-up 24 
months

At 3 months, 4 of 6 RF pts had 
meaningful clinical response 
(�30% improvement) vs 2 of the 
6 in the sham group. 6 months 
post procedure, no differences 
noted between groups. 
Concluded cervical 
facet denervation is not effective 
for cervicogenic HA

RF group had better response to 
diagnostic blocks. Only able to recruit 
12 pts in 2.9 years. Excluded pts with 
ongoing litigation

HA, headache; LA, local anesthetic; LBP, low back pain; MBB, medial branch block; MVA, motor vehicle accident; pts, patients; RF, radiofrequency; VAS, visual analog scale.

Table 28.7  Continued
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an active inflammatory process. Inflammation of 
the facet joint cannot be detected clinically, though 
radionuclide bone scintigraphy is capable of depict-
ing synovial changes caused by inflammation, degen-
erative changes associated with bone remodeling, and 
increased metabolic function. Radionuclide bone 
scintigraphy may be a useful screening test prior to 
invasive facet injections since it is a sensitive indica-
tor of active inflammation. Several prospective and 
observational studies evaluating low to intermediate 
volume (1–3 ml) local anesthetic (LA) and steroid 
intra-articular l-z joint injections performed in over 
160 patients with axial low back pain (LBP) [83–85] 
support this assertion. In these studies, patients with 
positive single photon emission computed tomog-
raphy experienced dramatically better pain relief 
(�75% success rate) for up to 3 months compared 
to those with negative or no single photon emis-
sion computed tomography (�40% success rate). 
With respect to cervical z-joint pain, the sole RCT 
conducted following whiplash injury [86] provided 
strong evidence for the ineffectiveness of intra-articu-
lar corticosteroids. 

The evidence for benefit from RF neurolysis is more 
supportive, though still mixed. The correct diagnosis of 
facet-mediated pain continues to be a confounding fac-
tor in the study of facet interventions since neurolysis 
would not be expected to relieve nonfacet-mediated 
pain. False-positive rates of diagnostic z-joint blocks 
range from 25% to 40% [77, 87, 88] due to a number of 
factors including the placebo response, use of sedation, 
liberal use of superficial local anesthetic, and spread 
of local anesthetic to adjacent potential pain genera-
tors [89]. For example, the study by Leclarie et al. [90] 
was seriously compromised by the diagnostic criteria 
(i.e. “significant pain relief lasting over 24 hours after 
intra-articular z-joint block with lidocaine and ster-
oid”). A local anesthetic block lasting over 24 hours is 
not consistent with local anesthetic pharmacology, and 
the efficacy of corticosteroids is questionable; even if 
they do work in some patients, the beneficial effect is 
not immediate. Consequently, they may have included 
many patients with nonfacetogenic (e.g. disk, myofas-
cial, ligament) sources of pain. In contrast, the study 
evaluating cervical RF neurolysis by Lord et al. [91] 
conducted in patients with chronic cervical facet joint 
pain after whiplash injury instituted a rigorous regimen 
of controlled, comparative diagnostic blocks (0.5 ml of 

lidocaine, bupivacaine or saline) performed in  random 
order (a positive comparative block requires the 
 duration of pain relief to be concordant with the dura-
tion of action of the LA, and absence of pain relief with 
the saline control). Among 12 patients randomized to 
RF neurolysis, seven were pain free at 27 weeks versus 
only one of 12 in the sham group.

The evidence for cervical medial branch RF dener-
vation provides moderate support. The randomized, 
controlled trial by Lord et al., detailed in Table 28.7, 
was positive for long-term relief, with the main 
criticism being trial size. There are four additional 
prospective studies that support long-term relief 
in patients with facet pain diagnosed by compara-
tive, controlled LA blocks [92–95]. However, not all 
studies have been positive. In a more recent study, 
Stovner et al. randomized 12 patients diagnosed with 
cervicogenic headaches based on clinical symptoms 
and a positive response to comparative LA blocks to 
receive either cervical facet RF denervation or a sham 
procedure [96]. At their 3-month follow-up, four of 
six patients in the RF denervation group obtained a 
meaningful clinical response versus two of six patients 
in the sham group. At 6 months, no differences were 
noted between groups. 

The evidence for lumbar medial branch RF dener-
vation is similarly mixed, but none of the randomized 
controlled trials used diagnostic criteria comparable 
with those employed by Lord et al. [91] Two rand-
omized controlled trials conducted by Gallagher et al. 
[97] and van Kleef et al. [98] in patients with chronic 
low back pain who experienced greater than 50% 
pain relief after uncontrolled medial branch blocks 
were positive, with the study by van Kleef et al. widely 
regarded as the most methodologically sound RCT to 
date. Five positive prospective trials lend support to 
the efficacy of lumbar facet denervation [99–101]. Of 
note, the prospective trial by Dreyfus et al. used com-
parative local anesthetic blocks, a larger 16 gauge elec-
trode, and EMG of the multifidus muscle to confirm 
the accuracy of neurotomy. In this study 87% of the 
patients had at least 60% pain relief at 12 months. To 
date, only two studies [98, 100] used multifidus stim-
ulation to determine electrode placement, with both 
yielding positive results.

Although the results of these studies are encourag-
ing, the two most recent randomized controlled trials 
evaluating lumbar medial branch denervation have 
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been negative. In addition to suboptimal selection 
criteria, reviewed earlier in this section, the study by 
Leclarie et al. [90] contained several other methodo-
logic flaws including the use of small gauge electrodes 
(22 gauge) placed perpendicular rather than parallel 
to the nerve, which resulted in a smaller lesion size. 
Although the study by van Wijk et al. [102] was large 
and methodologically sound, many experts feel it was 
technically flawed. Specifically, the needle tips were 
positioned perpendicular to the nerve and too far 
lateral to reliably ensure denervation [103]. Another 
valid criticism is that the study suffered from an overly 
optimistic primary endpoint that combined VAS 
pain score, functional capacity, and analgesic intake. 
Additionally, 75% of patients in both groups had 
pain for over 2 years, which makes it less likely that 
any single treatment will decrease analgesic intake or 
significantly improve functional capacity. The global 
perceived effect at 3 months was statistically signifi-
cant in favor of RF lesioning, with 61.5% of treatment 
and 39% of control patients reporting over 50% pain 
relief. They also found an overall cost saving per point 
VAS pain reduction in the RF versus the control group 
for the first 3 months after the procedure. 

Serious complications and side effects are rare after 
facet interventions. The most common complica-
tion after facet joint RF denervation is neuritis, with a 
reported incidence of less than 5% per level [104]. Other 
rare events include septic arthritis, epidural abscess, 
meningitis, spinal anesthesia, postdural puncture head-
ache and transient numbness and or dysesthesias [82]. 

There is currently little evidence evaluating the 
risk:benefit ratio of repeating lumbar facet RF den-
ervation. Schofferman et al. published a small ret-
rospective review in 20 patients that found similar 
efficacy and duration of relief between primary and 
repeat procedures [105]. Although positive, this study 
was not powered to detect the small but clinically sig-
nificant risk of worsening pain following neurotomy. 
Although the practice of performing multiple RF 
denervation seems clinically valid, larger, prospective 
studies with longer follow-up are needed to better 
weigh the risks and benefits of repeat denervation. 

In summary, intra-articular facet steroid injections do 
not appear to provide reliable short- or intermediate-
term relief, except in those patients with an active 
inflammatory process confirmed by radiologic  imaging. 
For both lumbar and cervical facet RF denervation,

the evidence for intermediate-term (�12 months) 
efficacy is mixed. However, a review of the existing 
literature does support RF lesioning in appropriately 
selected candidates, provided stringent selection and 
technical criteria are applied. Given the mixed nature 
of the evidence, large well-designed randomized con-
trolled trials are needed. Future studies should pay 
careful attention to the diagnosis of facet pain with the 
use of comparative blocks, consider multifidus stimu-
lation for needle localization, place electrodes parallel 
to the targeted nerves, and use bigger electrodes to cre-
ate larger lesions. Study designs should also take into 
account secondary outcome measures such as func-
tional improvement, medication reduction and work 
status. Additionally, since l-z joints are seldom the sole 
contributor to the pain, these procedures should be 
supported by a comprehensive rehabilitation program.

Sacroiliac joint interventions

The sacroiliac (SI) joint is the largest axial joint in the 
body, averaging 17 cm2 in adults. The SI articulation 
is a true synovial joint only inferiorly, with the rest of 
the junction composed of an intricate set of ligamen-
tous connections. The prevalence of pain generated 
from this joint in carefully screened patients with 
axial LBP appears to be in the 15–25% range [114].

The treatment of SI joint pain is widely acknowl-
edged to be challenging, although new interventional 
techniques offer promise. Similar to facet-mediated 
pain, the two main interventional treatment options 
are intra-articular steroid injections and RF denerva-
tion of the joint. 

 There are only four randomized controlled tri-
als evaluating SI joint corticosteroid injections 
(see Table 28.8). Two concluded that periarticular 
corticosteroid injections were beneficial in the short 
term in patients with and without spondyloarthrop-
athy [115]. One study concluded that CT-guided SI 
joint injections provided long-term pain relief in 
children with spondyloarthropathy who were resist-
ant to NSAID. In the only placebo-controlled study 
evaluating intra-articular steroid injections, Maugars 
et al. [116] injected 13 joints in 10 patients with 
spondyloarthropathy with either corticosteroid with-
out local anesthetic or normal saline. At 1 month, 
only one patient in the control group reported good 
pain relief versus five of six in the steroid group. Six of 
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Author, method Patients Interventions Results Comments

Maugars et al. [116]
Double-blind randomized 
controlled trial

10 patients with 
spondyloarthropathy, 13 joints. 
Pts with degenerative SI joints and 
complete ankylosis excluded

13 total joints injected. 6 
were injected with 
corticosteroid without LA and 
7 with normal saline. 6 of 7 
placebo pts were reinjected 
with steroid at 1 month

5 steroid joints had good or very 
good pain relief at 1 month vs 1 
in placebo group. Overall, 12/14 
SI joints had good or very good 
results at 1 month, 8/13 at 3 
months and 7/12 at 6 months

Dx made by PE and radiologic 
studies. Fluoroscopy used 
to guide injections. One pt 
developed radicular pain that 
lasted 3 weeks

Luukkainen et al. [124]
Randomized controlled trial

20 pts with seronegative 
spondyloarthropathy received 
steroid and LA; 10 pts received 
saline and LA. All pts had 
unilateral blocks

All pts underwent unilateral, 
periarticular injections. 10 
received corticosteroid with-
out LA; 10 received normal 
saline with LA

At 2-month follow-up, VAS pain 
scores decreased significantly in 
the steroid but not saline group

Injections were periarticular, not 
intra-articular. Dx made by PE and 
radiologic studies. Fluoroscopy 
used to guide injections

Luukkainen et al. [115]
Randomized controlled trial

24 pts with spondyloarthropathy All pts underwent unilateral, 
periarticular injections. 
13 pts received corticosteroid 
and LA, with 11 pts receiving 
normal saline and LA

At 1-month follow-up, VAS pain 
scores decreased significantly 
more in the steroid group than in 
the saline group

Injections were periarticular, not 
intra-articular. Dx made by PE. 
No pt had radiologic evidence of 
sacroiliitis. Fluoroscopy used to 
guide injections

Fischer et al. [125]
Randomized controlled trial

89 children with juvenile 
spondyloarthropathy. 56 
were responders to NSAIDs 
(control group) and 33 were 
nonresponders (treatment group)

Treatment group received 
corticosteroid without LA 
injections plus NSAID (27 
bilateral injections). The 
control group was continued 
on NSAID without injections

87.5% of children who received 
injections reported significant 
decrease in their pain complaints 
over the 20-month follow-up 
period (mean VAS pain score 
decreased from 6.9 to 1.8). The 
control group showed similar 
improvement in pain scores, with 
no difference between groups

Dx made clinically and by MRI 
evidence of sacroiliitis. CT used 
to guide injections. One-third of 
patients who received injections 
demonstrated continued joint 
destruction despite absence of 
subjective complaints

CT, computed tomography; Dx, diagnosis; LA, local anesthetic; MRI, magnetic resonance imaging; PE, physical exam; SI, sacroiliac; VAS, visual analog scale.

Table 28.8 Randomized controlled trials evaluating sacroiliac (SI) steroid injections
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the patients in the control group were then reinjected 
with steroid. Good pain relief was reported in seven 
of the 12 injected joints at 6 months. To summarize 
the existing data, Cohen [114] reported that most but 
not all investigators have found radiologically guided 
SI joint injections to provide good to excellent inter-
mediate-term (3–6 months) pain relief. 

 There have been several uncontrolled studies 
evaluating SI joint RF denervation. In a retrospective 
study, Ferrante et al. [117] attempted to perform SI 
joint denervation by performing serial strip lesions 
with an RF electrode at �1 cm intervals in the pos-
teroinferior aspect of the joint. At 6-month follow-up, 
36% of patients reported �50% pain relief. Gervargez 
et al. [118] created three lesions in the posterior 
interosseous SI ligament and a lesion of the L5 dor-
sal ramus in a prospective observational study con-
ducted in 38 patients. At 3-month follow-up, 65.6% 
of patients reported either no pain or a substantial 
decrease in symptoms. Neither of these studies speci-
fied the degree of pain relief during the diagnostic SI 
joint block required for study inclusion. 

Four uncontrolled studies have evaluated dorsal 
rami and lateral branch RF denervation for injection-
confirmed SI joint pain [119–122]. All used slightly 
different techniques and inclusion criteria. Yin et al. 
[122] selected patients based on two high-volume 
SI joint ligamentous (rather than intra-articular) 
injections, and chose the dorsal rami branches for 
lesioning based on concordant electrical stimula-
tion. Burnham & Yasui [119] strategically placed four 
electrodes around each sacral foramen to create con-
tinuous strip lesions to maximize the lesion volume. 
Cohen [119] & Burnham [120] used both SI joint and 
lateral branch blocks as inclusion criteria. Employing 
prognostic lateral branch blocks before RF lesion-
ing apparently increased the success rate. Whereas 
Yin et al., Gervargez et al. and Buijs et al. all reported 
good outcomes in around 66% of patients, Cohen & 
Burnham reported identical 89% success rates. 

Cohen et al. [123] recently conducted a bi-center 
placebo-controlled study evaluating L4–5 primary dor-
sal rami and S1–3 lateral branch RF denervation. At 1 
and 6 months postprocedure, 79% and 57% of patients 
in the treatment group experienced �50% pain relief 
and significant functional improvement, which favo-
rably compared to the 14% success rate in the sham 
group at 1-month follow-up. Three months after the 

procedure, no patient in the control group experienced 
significant benefit. In summary, there is moderate to 
strong evidence that carefully selected patients who 
obtain good but short-lasting pain relief with SI joint 
blocks will obtain intermediate-term (6–12 months) 
pain relief after SI joint RF denervation. 

Spinal cord stimulation

Spinal cord stimulation (SCS) is an interventional 
technique used to treat a variety of chronic pain 
conditions. In 1967 Shealy et al. [126] described the 
use of dorsal column stimulation to treat chronic 
pain as a clinical application of the gate control 
theory [127]. The procedure involves placement of 
an electrode with metal contacts in the dorsal epi-
dural space in order to produce an electric field that 
stimulates the dorsal column of the spinal cord. 
Despite its widespread use, the exact mechanisms of 
SCS have not been fully elucidated. Based on exist-
ing data, it appears that SCS best attenuates contin-
uous and evoked pain (in particular tactile/thermal 
allodynia), while acute nociceptive pain (e.g. wound 
pain or arthritis) remains relatively unaffected 
[128]. In neuropathic pain, SCS may have an inhibi-
tory effect on A-β fiber-mediated hyperexcitability 
of dorsal horn neurones via a γ-aminobutyric acid 
(GABA)-mediated mechanism. Research is under 
way to evaluate the neuromodulatory effects of SCS 
in the dorsal horn [128]. Currently, SCS is most 
commonly used to treat pain of neuropathic and 
ischemic origin.

Evidence does exist to support SCS in the treat-
ment of pain of ischemic origin. A recent Cochrane 
review by Ubbink et al. concluded that there is suf-
ficient evidence favoring SCS over standard con-
servative treatment to improve limb salvage and 
clinical signs and symptoms in patients with non-
reconstructible chronic critical leg ischemia [129]. 
A placebo-controlled randomized study by Eddicks 
et al. also found that SCS improved functional sta-
tus and angina-related symptoms in patients with 
refractory angina [130]. Although SCS shows prom-
ise for ischemic pain, this section will focus on SCS 
evidence to treat complex regional pain syndrome 
(CRPS) and failed back surgery syndrome (FBSS) 
since these are the two most frequent indications for 
the therapy. 
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A review of the evidence to evaluate the efficacy of 
SCS to treat CRPS found one randomized controlled 
study and seven recent reviews. The seven reviews all 
concluded that SCS is effective in the management of 
pain in patients with CRPS [131–137] but differed in 
their evaluations of the level of evidence and recom-
mendation grades [138] A Cochrane review by Mailis-
Gagnon et al. [133], a review by Grabow et al. [132], 
and a review by Cameron et al. [134] found the exist-
ing literature limited in quality and quantity, but con-
cluded that the available evidence suggests that SCS is 
effective for CRPS (grade B/C evidence). Reviews by 
Taylor et al. [131, 136] and de Andres et al. [135, 137] 
based their recommendations primarily on evidence 
from systematic reviews. They both concluded that 
grade A evidence based on the Harbour & Miller scale 
[138] existed to support the efficacy of SCS to treat 
CRPS type I. There is also evidence that SCS is a cost-
effective treatment for CRPS type I [131].

The evidence used in the first three reviews con-
sisted of case reports, case series, retrospective data and 
one RCT (reviewed in Table 28.9), with only one nega-
tive case study reported [139]. Both prospective trials 
reported positive results for SCS treatment. Calvillo 
et al. [140] reported a 45.3% overall success rate with 
a 41% return-to-work rate 36 months after implanta-
tion. Oakley et al. [141] reported an 80% success rate 
with an 8-month average follow-up. A more recent 
prospective study by Harke et al. [142] not included 
in the first three reviews also found positive results for 
SCS treatment in 29 patients with CRPS type I respon-
sive to sympathetic blockade. After a mean follow-up 
period of 35.6 months, significant improvements 
in function were reported in a majority of patients. 
Twelve of 16 patients with an affected upper limb 
showed a significant increase in grip strength and eight 
of 10 patients with affected lower extremities resumed 
walking without crutches. Significant decreases in 
pain and analgesic usage were also reported. The ran-
domized study by Kemler et al. [143] detailed in Table 
28.9 found positive results for SCS compared to physi-
cal therapy when evaluated on an intention-to-treat 
basis, with additional benefits noted in the SCS treated 
group when the results were evaluated “as treated” (i.e. 
SCS trial failures were not included in the calculations). 
The mean VAS score decrease was 2.4 cm in the inten-
tion-to-treat analysis and 3.6 cm in the “as treated” 
analysis. However, the 5-year follow-up data revealed 

a  significant diminution in the analgesic benefit occur-
ring 3 years after implantation [144]. A subgroup anal-
ysis of patients actually implanted in the SCS group 
was not provided in this letter to the editor. 

In summary, there is moderate evidence, includ-
ing one RCT, three prospective trials, and many other 
positive studies summarized in systematic reviews, to 
support the use of SCS in the treatment of CRPS type 
I. However, most of the studies are of low methodo-
logic quality and/or have small sample sizes. Further 
well-designed studies are needed to provide clinically 
useful information to guide clinicians in the rational 
use of SCS (i.e. how best to identify candidates for 
SCS), and to enhance the technical aspects of the 
procedure.

The literature to evaluate the efficacy of SCS to treat 
FBSS includes six recent reviews and one RCT. All the 
reviews concur that there is evidence to support the 
use of SCS to treat FBSS [133–137, 145]. However, 
they are also agreed on the recommendation that 
more well-designed, robust studies are needed.

A meta-analysis of pooled outcomes showed that 
62% of SCS patients with FBSS achieved greater 
than 50% pain relief, and 53% of patients no longer 
required analgesics. Furthermore, 70% of SCS 
patients expressed satisfaction with their treatment 
[135]. The only well-designed RCT, conducted by 
North et al. [146] comparing SCS versus reoperation 
for the treatment of FBSS, provided direct evidence 
to support the conclusions of the meta-analysis. The 
study, detailed in Table 28.9, found SCS to be more 
effective than reoperation in patients with FBSS who 
had greater leg than back pain with the presence of 
a surgically correctable diagnosis. Several other key 
benefits for early SCS were also found. There was a 
statistically significant increase (P � 0.025) in opioid 
use among those patients randomized to reopera-
tion. In addition, patients randomized to reoperation 
reported more loss of function than improvement 
with respect to motor strength, bladder control, and 
sleep. There were no categories in which loss of func-
tion was reported more frequently than benefit in the 
SCS patients. The authors concluded that SCS is not 
only cost-effective, but that it obviates the need for 
repeat surgery in the majority of patients treated.

Similar to CRPS, there is moderate evidence con-
sisting of one RCT [146] and two meta-analyses 
[135, 136] to support SCS for FBSS provided the 
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Table 28.9 Efficacy of randomized controlled trials evaluating SCS, IDET and IDDS

Author, method Patients Intervention Results Comments

North et al. [146]
Randomized controlled 
trial with crossover
SCS

50 patients 
with FBSS and 
a surgically 
correctable 
diagnosis

24 SCS trials, 17 
successful* with 
subsequent implant, 
5 cross-overs to 
surgery, 
2 lost to follow-up. 
26 lumbosacral 
reoperations, 14 
post-op cross-overs 
to SCS

SCS was more 
successful than 
reoperation (47% 
vs 12%) (P � 0.01) 
at 2-year follow-
up. Patients initially 
randomized to SCS 
were also less likely to 
cross over (5/24 SCS 
vs 14/26 reoperation) 
(P � 0.02)

Concluded SCS is more 
effective than reoperation 
as a treatment for persistent 
radicular pain after 
lumbosacral spine surgery

Kemler et al. [143] 
Randomized controlled 
trial
SCS

54 patients with 
CRPS involving 
one hand or foot. 
2:1 randomization 

36 SCS trials, 
24 successful 
trials**with 
subsequent implant. 
All 36 patients 
continued with 
physical therapy. 
18 pts randomized 
to physical therapy 
alone

Mean VAS pain 
reduction 2.4 cm SCS 
vs �0.6 cm in PT 
group (P�0.01). 39% 
of SCS pts had (�) 
global perceived effect 
vs 6% in PT group 
(P � 0.01)

Health-related quality of life 
also significantly improved 
in favor of SCS 

Pauza et al. [148]
Double-blind randomized 
controlled trial
IDET

64 patients with 
axial back pain 
�6 months and 
a single positive 
diskogram 

37 patients were 
treated with IDET-36 
per protocol and 1 
with unacceptable 
catheter placement. 
27 treated with 
needle placement to 
annulus only

NNT to obtain 75% 
relief pain was 5. At 
6 months the IDET 
group had a significant 
reduction in mean VAS 
compared to control 
(2.3 vs 1.1) (P � 0.45). 
Improvement in 
disability was also 
significant (P � 0.05) 
at 6 months

Subgroup analysis found IDET 
to be statistically superior to 
control in patients with pre-
treatment pain scores below 7, 
ODI disability �40, and SF-36 
physical function �55

Freeman et al. [149]
Double-blind randomized 
controlled trial
IDET

57 patients 
with axial low 
back pain �3 
months and 
1 or 2 positive 
diskograms

38 patients were 
treated with IDET. 
19 were treated with 
intradiskal needle 
placement and 
sham heating

No subject in either 
treatment arm met 
the joint criteria for 
“success” at 6 
months � no 
neurologic deficit, 
improvement in 
LBOS � 7 and 
improvement on SF-36 
subscales of bodily 
pain and physical 
functioning of �1 SD 
from the mean

At 6 months neither group 
had any mean intragroup 
improvement in LBOS or 
ODI and the placebo group 
worsened in both parameters
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Author, method Patients Intervention Results Comments

Smith et al. [150]
Multicenter randomized 
controlled trial with 
cross-over
IDDS

202 patients 
with advanced 
cancer and 
refractory pain 
despite �200 
mg/d oral 
morphine 
equivalents

IDDS started with 
morphine, other 
analgesics added 
as needed per 
algorithm by 
Staats [151]. 
Comprehensive 
medical 
management 
performed per 
guidelines

At 4 weeks 84.5% 
IDDS vs 70.8% CMM 
were clinical successes 
(P � 0.05). Significant 
(50%) toxicity reduction 
in IDDS group 
compared to CMM 
(P � 0.004). Clinical 
success � �20% 
reduction in VAS or 
equal VAS score with 
�20% reduction in 
toxicity 

IDDS group had improved 
pain control, significantly 
decreased side effects and 
a trend toward increased 
survival at 6 months (53.9% 
vs 37.2%)

*Successful trial criteria: �50% pain relief, stable or improved analgesic intake, and improved physical activity. ** Successful trial criteria: �50% 
pain relief or a score of “much improved.” CMM, comprehensive medical management; CRPS, complex regional pain syndrome; FBSS, failed 
back surgery syndrome; IDDS, intrathecal drug delivery systems; IDET,intradiskal electrothermal therapy; LBOS, low back pain outcome score; 
ODI, Oswestry Disability Index; QOL, quality of life; SCS, spinal cord stimulation; SD, standard deviation.

Table 28.9 Continued

patients present with leg greater than back pain. 
The justification for SCS is further supported by 
its relative safety compared to reoperation. More 
robust randomized controlled trials are needed to 
confirm these results, and determine which patients 
are most likely to succeed with treatment. Evidence 
is especially needed to evaluate SCS in FBSS 
patients who present with a predominantly axial 
pain component.

Complications of permanent implantation of SCS 
are fairly common. The proportion of patients with at 
least one complication ranges from 9% to 50%, with 
the reoperation rate ranging between 11.1% to 50% 
[132]. The most common reported complication is lead 
migration (27%), followed by infection (6%) and bat-
tery failure (6%) [145]. Although rare, cases of epidural 
hematoma and paralysis have been reported [147].

Intradiskal electrothermal 
therapy (IDET)

The treatment of chronic diskogenic low back pain 
(CDLBP) remains a challenge for patients, physicians, 
and society as a whole. Failed conservative  treatment 
has traditionally been followed by spinal fusion. 
However, little evidence exists to support the long-
term benefit of spinal fusion over a  comprehensive 

 rehabilitation program [152 – 154]. Since ethical 
concerns preclude conducting well-designed control-
led studies evaluating spine surgery, the proportion 
of surgical success that is attributable to the placebo 
effect remains unknown. In part motivated by the 
questionable cost:benefit ratio of spinal fusion, Saal 
& Saal [155] introduced the use of intradiskal elec-
trothermal therapy (IDET) in 2000 as a safer and 
less invasive alternative to treat diskogenic pain. The 
IDET procedure involves the placement of a naviga-
ble intradiskal catheter with a 6 cm electrothermal 
tip around the posterolateral border of the inner 
annulus, which is subsequently heated to a peak tem-
perature of 90oC. Mechanisms of action for IDET 
remain a subject of debate, but may include nocicep-
tor denervation, collagen denaturation and the seal-
ing of annular tears [156]. Over the past few years, 
several variations of IDET have emerged including 
intradiskal radiofrequency intradiskal thermocoagu-
lation, intradiskal biacuplasty and discTRODE, in 
which the RF electrode is directly inserted into the 
posterolateral mid-annulus. However, the evidence 
supporting or refuting any of these techniques is 
severely limited. 

Four systematic reviews have recently been con-
ducted to evaluate the efficacy of IDET and similar 
techniques in the treatment of CDLBP [157–160]. Two 
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reviews concluded that there was no evidence to sup-
port IDET [158, 159] while the other two concluded 
that there was evidence of safety and efficacy [157, 160]. 

Urrutia et al. [159] reviewed the two RCT that 
compared IDET to placebo, which are reviewed in 
Table 28.9, and concluded that the available evidence 
does not support the efficacy of IDET. Among the 
two controlled studies comparing IDET with sham 
heating, one demonstrated modest benefit for IDET 
[148], while the other, more methodologically robust 
study conducted by a group of orthopedic surgeons 
found no benefit in either group [149]. In the one 
placebo-controlled study evaluating intradiskal RF 
thermocoagulation, no significant differences were 
noted between the control and treatment groups 
[161]. No differences were also noted in a rand-
omized study assessing different methods for percu-
taneous intradiskal RF thermocoagulation, with both 
groups demonstrating only short-term relief [162]. In 
two prospective comparative studies, both groups of 
authors found IDET to be beneficial [163, 164]. In the 
earlier study, Bogduk & Karasek found that patients 
who received IDET were more likely to obtain signifi-
cant pain reduction up to 2 years post procedure than 
those who participated in a comprehensive rehabilita-
tion program. In a study comparing IDET to intradis-
kal RF thermocoagulation, Kapural et al. found IDET 
to be superior for both pain reduction and functional 
improvement up to 1 year post procedure. 

In concordance with Urrutia, an orthopedic group 
led by Freeman et al. [158] conducted a systematic 
review evaluating five retrospective and 11 prospec-
tive trials as well as the two RCT. The 11 prospective 
trials included a total of 256 patients with a mean 
follow-up of 17.1 months. The mean improvement 
in VAS for back pain was 3.4 points and the mean 
improvement in Oswestry Disability Index (ODI) was 
5.2 points (�10 minimal disability, maximum score 
50). They concluded that the evidence for the efficacy 
of IDET remains weak and has not passed the stand-
ard of scientific proof. In contrast [157], a group asso-
ciated with the manufacturers of IDET performed a 
meta-analysis of 17 studies evaluating the treatment. 
They found the overall mean VAS improvement to be 
2.9 points, the mean improvement in SF-36 physical 
function to be 21.1 points (normal �84.2, maximum 
score 100), a mean improvement in SF-36 bodily pain 
of 18.0 points (normal � 75.2, maximum score 100), 

and a mean improvement in ODI of 7.0 points. They 
also reported a 0.8% complication rate. They con-
cluded that the published studies provide compelling 
evidence of the relative efficacy and safety of IDET. 

Andersson et al. [160] performed a systematic 
review that compared IDET with spinal fusion out-
comes. The results of the two therapies were similar 
with respect to pain relief (50–51%) and quality of 
life improvement (43– 46%). However, spinal sur-
gery resulted in greater improvements than IDET 
with regard to back function (42% versus 14%). This 
improvement did come at the expense of a greater 
incidence of complications, which ranged between 
2–54% in the 31 studies evaluating fusion and 0–15% 
in the 14 studies evaluating IDET. The authors con-
cluded that IDET offers similar symptomatic relief 
with a lower risk for complications. 

Perhaps more than any other procedure, the four 
mentioned reviews appeared to be at least somewhat 
influenced by the reviewer’s perspective, with those 
conducted by practitioners who perform or who have 
a vested interest in the procedure tending to report 
more positive results. This is clearly illustrated by 
the fact that Appleby and Freeman evaluated very 
similar data but came up with contradictory conclu-
sions. This specialty bias also pervades the cadaveric 
literature on IDET. Whereas Bono et al. reported that 
IDET heating achieved sufficient temperatures to 
alter collagen architecture and coagulate nociceptors, 
Kleinstueck et al. (an orthopedic group) concluded 
the opposite [165, 166]. The same contradictory con-
clusions based on specialty bias were also reported for 
spinal stability after IDET [167, 168].

Given that only two RCT have been performed 
and divergent results were reported, it is not surpris-
ing that different reviews arrived at contradictory 
conclusions. The studies by Pauza et al. [148] and 
Freeman et al. [149] are markedly different. The one 
by Pauza et al. was a highly selective study involv-
ing only 64 subjects among over 1300 screened. This 
study also had a sham group success rate of 38%, 
suggesting a profound placebo effect associated with 
either the procedure itself or the conduct of the trial 
in general. In contrast, the study by Freeman et al. 
used liberal inclusion criteria more consistent with 
the majority of patients treated in specialty clinics for 
chronic diskogenic LBP, and very strict success criteria 
(no patient in either group experienced a  “successful 
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outcome”). Six months post-IDET, whereas the 
 control group worsened, clinically insignificant 
improvement occurred across all parameters in the 
IDET group. Since patients in this study were not 
asked what their expectations were, it is impossible 
to determine if there was a systemic issue that con-
tributed to the absence of any beneficial effect (i.e. a 
nocebo effect) [169, 170]. 

Intradiskal electrothermal therapy is widely 
considered to be safer than open surgery, with a 
reported complication rate of around 1%. However, 
serious complications have been reported includ-
ing catheter breakage [171], vertebral osteonecro-
sis [172], herniated disk [173], and cauda equina 
syndrome [174]. 

In summary, the clinical utility of IDET is depend-
ent on the perspective of the reviewer. Prospective 
and retrospective evidence provide mixed support 
for its efficacy as summarized in the reviews detailed 
above. The study by Pauza et al. [148] provides sup-
port for its efficacy in carefully selected patients, 
whereas the study by Freeman et al. [149] provides 
evidence against its use as a “cure” for diskogenic LBP. 
Given that there is not a current gold standard in the 
treatment of diskogenic LBP, IDET should remain a 
viable interventional technique for patients who meet 
strict inclusion criteria [148]. Future studies should 
focus on further identifying prognostic factors for 
success and complications, and should include com-
parative groups treated with comprehensive rehabili-
tation, surgery and sham controls. 

Continuous neuraxial infusions

Since the discovery of specific opioid receptors in the 
CNS in the 1970s, attempts have been made to opti-
mize medical therapy by delivering medications cen-
trally rather than parenterally [175–178]. Wang et al. 
[179] reported the first case of intrathecal morphine 
administration to relieve pain in humans. Since that 
time, neuraxial drug delivery has been increasingly 
used to treat both malignant and nonmalignant pain. 
Although this section focuses on the treatment of 
malignant pain, there are many experts advocating 
its use in nonmalignant pain (see Erdine & de Andres 
[180] for a contemporary review).

The current literature consists predominantly of 
uncontrolled trials comprising a mix of retrospective 

case series and prospective cohort studies. One 
 prospective, randomized trial was found which is 
detailed in Table 28.9. In a recent Cochrane systematic 
review comparing the efficacy of epidural, subarach-
noid, and intracerebroventricular opioids in patients 
with cancer pain, Ballantyne & Carwood [181] found 
that neuraxial opioid therapy is often effective for 
treating cancer pain that is not adequately controlled 
by systemic treatment. A pooled analysis of data from 
uncontrolled studies reported excellent pain relief 
among 72% of patients treated with epidural opioids 
and 62% of those treated with subarachnoid opioids. 
The incidence of unsatisfactory relief was low in all 
three groups. 

A large, well-designed multicenter randomized 
trial by Smith et al. [150] lends further support to 
the efficacy of intrathecal drug delivery systems 
(IDDS) to manage refractory cancer pain. In addi-
tion to improved pain control, a key finding in the 
study was the reduction in composite drug toxicity 
score. The authors found that a reduction in drug 
toxicity score was associated with improved sur-
vival, which suggests that the improved 6-month 
survival found in the IDDS group might be a func-
tion of reduced drug toxicity. Specifically, statisti-
cally significant reductions in fatigue and depressed 
level of consciousness were reported. However, 
the finding of improved survival should be inter-
preted cautiously since it was not designated as 
a primary endpoint. The authors concluded that 
IDDS improved pain control, significantly reduced 
common drug toxicities, and enhanced survival in 
patients with refractory cancer pain.

Epidural administration might be expected to 
have similar efficacy but similar RCT have not 
been performed. One key difference between the 
two therapies is the cost of an external epidural 
system versus an implanted subarachnoid system. 
Hassenbusch et al. [182] developed an economic 
model that predicted that the break-even point at 
which it becomes less expensive to administer opio-
ids with an implanted intrathecal pump than via an 
external epidural pump is between 3 and 6 months. 
A similar point was found to be between 1.5 and 
2.5 years with respect to IDDS versus systemic 
treatment. 

Complications are fairly common with neuraxial 
infusions. They are due to pharmacologic side effects, 
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surgical complications, and device-related complica-
tions. All opioid-related side effects also occur when 
the medication is given neuraxially, but many are 
reduced compared to systemic administration, as 
reported by Smith et al. [150]. The incidence of major 
infection reported by Ballantyne & Carwood [181] 
was 1.44% for epidural and 2.54% for subarachnoid 
systems. Overall, the combined surgical and device 
complication rates are typically in line with the 25% 
rate reported by Smith et al.

In conclusion, there is moderate evidence that neu-
raxial infusion techniques are effective in  treating 
cancer pain when parenteral treatment has failed. 
However, there is little evidence present to guide 
 clinical use with respect to the timing of implanta-
tion. Robust studies with cost analysis and length of 
survival as primary endpoints are still needed. 

The evidence supporting IDDS in chronic non-
malignant pain is not as robust as the evidence in 
cancer pain. To some extent, this may be due to the 
different mechanisms characterizing pain in the two 
conditions. In patients with cancer, between 75% 
and 90% of pain is either nociceptive or mixed noci-
ceptive-neuropathic in origin [183, 184]. In chronic 
nonmalignant pain, the etiology is more variable. In 
the chronic pain conditions most amenable to spinal 
analgesia such as CRPS and FBSS, neuropathic pain 
plays the most prominent role. Numerous preclinical 
[185] and  clinical studies [186, 187] have shown that 
neuropathic pain is less responsive to opioids than 
nociceptive pain. 

Thimineur et al. [188] performed a prospective 
study to investigate long-term outcomes of intrathecal 
(IT) opioid therapy in patients with severe, refractory 
chronic nonmalignant pain. The authors compared 
treatment outcomes between 31 patients who received 
IT opioid therapy, 38 patients who either failed their 
trial or refused pump implantation, and 41 newly 
referred patients who were not offered IT therapy. 
During the 3-year study, pain scores, functional 
capacity and mood scores significantly improved in 
the recipients, while they either declined or stayed 
the same in nonpump recipients. However, most IT 
patients continued to suffer from moderate to severe 
pain. The authors concluded that “when patients with 
extremely severe pain are selected as pump candi-
dates, they will likely improve with therapy, but their 
overall severity of pain and symptoms will remain 

high.” Multiple prospective studies support the notion 
that IDDS can be a safe and effective therapy in the 
management of severe refractory nonmalignant pain 
in carefully selected patients [189–192] although this 
conclusion is by no means universal [193]. 

Conclusion

As is readily apparent from this review evaluating 
interventional techniques for pain management, 
more research is needed to guide clinical decision 
making. One area in which this is especially true is 
the documentation of complication rates. Currently, 
complication rates are based on extrapolation from 
controlled trials, insurance registries and retrospec-
tive chart reviews. In the present system, common 
complication rates vary widely among sources and 
rare complications often go unreported altogether, as 
evidenced in the case of cervical transforaminal epi-
dural steroid injections. The recent survey by Scanlon 
et al. [38] provides some perspective as to the scope 
of adverse events, but fails to provide any insight into 
the incidence since a denominator cannot be deter-
mined from the survey. Other flaws included the 
low response rate (21%) and database used to query 
respondents, which contains relatively few interven-
tionalists. Surveys in the future would benefit from 
a design similar to  that of Auroy et al. [194] who 
conducted a prospective survey of French anesthesi- 
ologists regarding regional anesthetic complications. 
The study resulted in data involving 103,730 regional 
anesthetics, with useful information garnered for each 
complication.

The future also offers a great deal of promise. 
Surveillance systems similar to the regional anesthe-
sia surveillance system (RASS) [195] can be designed 
and implemented across practices, institutions, states 
or countries through the use of shared information 
technologies. However, financial support and politi-
cal will are required at each level. Open reporting 
of complications without fear of litigation is crucial 
to the future of medicine, especially with regard to 
pain management, which is a specialty field still in 
its infancy. The cost of therapy will continue to be 
a factor, but “do no harm” must remain one of the 
primary tenets of medicine. If the true incidence of 
complications is known, then more informed deci-
sions could be made with regard to therapy. 
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Some interventional procedures can be  difficult 
or impossible to study with RCT due to ethical 
concerns (IDDS), cost (IDDS/SCS) or the fact that 
the nature of the treatment unavoidably entails 
unblinding (SCS). These same issues also apply 
to surgical interventions for similar conditions. 
A Cochrane systematic review by Gibson & Waddell 
[153] reported no surgical trials which compared 
surgery to sham surgery. The surgical literature, 
much like the IDDS and SCS literature, is full of 
positive retrospective and prospective trials, as well 
as positive randomized trials comparing the rel-
evant intervention to a standard suboptimal con-
servative treatment that in many cases had already 
failed. In contrast, epidural, facet joint, SI joint and 
intradiskal treatments are more amenable to dou-
ble-blind studies, and have all been compared to 
placebo interventions, albeit with somewhat mixed 
results. Given the current push toward evidence-
based medicine as currently defined [138, 196], 
IDDS, SCS and open surgery, as well as other inter-
ventions, will require methods other than true RCT 
to assess efficacy.

Pain and, more to the point, pain treatment is a 
complex, multifactorial endeavor that involves treat-
ing both the organic pathology as well as the patient 
as a whole. Toward this end, more research needs to 
be performed to not only provide better evidence 
for interventions that cannot be studied by RCT, 
but for pain procedures in general. Interventional 
studies should be evaluated by comparison to com-
prehensive noninterventional treatment which 
may include cognitive behavioral therapy, physical 
therapy and functional restoration, and pharmaco-
logic treatment, similar to those described by Brox 
et al. [152]. Comparison to these types of programs 
ensures that patients are provided with the best 
conservative treatment available, which then allows 
patients and clinicians to make informed decisions 
based on the degree and likelihood of pain relief as 
well as the relative risk. Any significant treatment 
benefit reported in the intervention group com-
pared to the conservative treatment group can then 
be attributed to the efficacy of the procedure with 
the expectation that it can be reproduced in clini-
cal practice. With this knowledge, patients and doc-
tors could make personalized, informed decisions 
regarding medical care.
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Introduction

Patients with severe symptomatic angina pectoris, 
despite optimum conventional pharmacologic and 
invasive therapy, i.e. refractory angina, constitute a 
major problem in the clinical setting [1]. Several addi-
tional treatment methods, such as enhanced external 
counterpulsation (EECP) and stem cell therapy, have 
been developed and have also been found to provide 
symptom relief in several studies of varying quality. 
Neurostimulation in the form of spinal cord stimula-
tion (SCS) is the best studied alternative method and 
has been shown in randomized controlled trials (RCT) 
to have positive effects on symptom relief, improved 
functional status and improved quality of life. 

Treatment of refractory angina

Today, patients with refractory angina pectoris are 
mainly treated by cardiologists and internal medicine 
specialists, often in an emergency setting. These 
patients are only occasionally assessed by an algologist 
for consideration of additional treatment  methods. 
Several different therapies have been introduced [1], 
including transcutaneous electrical nerve stimulation 
(TENS), SCS, thoracoscopic sympathectomy (ETS), 
thoracic epidural analgesia (EDA), transmyocardial 
and percutaneous myocardial laser revascularization 

(TMR and PMR), stem cell therapy and, most 
recently, EECP, in addition to new pharmacologic 
therapies [2].

It has been possible to demonstrate symp-
tom-relieving effects of most additional treatment 
 methods in long-term studies, of varying quality [1]. 
However, several of these studies suffer from limita-
tions, such as no control group, too short treatment 
period, and too few patients. Furthermore, it has been 
difficult to evaluate the methods, due to the absence 
of comparative studies. 

The first systematic survey of available treatment 
methods, resulting in international treatment recom-
mendations, was published in 2002 by the European 
Society of Cardiology [1]. The recommended first-
line therapy alternatives are TENS and SCS, which are 
considered to be adequately documented, are used 
by several different centers and have been shown to 
have an effect on symptoms and coronary ischemia in 
addition to a favorable side effect profile. 

Neurostimulation in ischemic pain

Spinal cord stimulation  and TENS have been directly 
developed on the basis of experimental findings and 
are based on Melzack and Wall’s famous gate control 
theory [3] and its general principles of segmental 
pain inhibition. 

Electrical stimulation of the dorsal columns of the 
spinal cord was the first form of electrical stimulation 
that was used clinically. The first spinal cord stimu-
lator was implanted in 1967 [4]. Towards the end 
of the 1970s, the method was brought into use for 
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patients with severe peripheral arterial circulatory 
 insufficiency of the lower extremities, with favora-
ble effects on both circulation and pain [5]. At about 
the same time, TENS was first used in patients with 
therapy-resistant angina pectoris, with good clini-
cal results [6, 7]. As 10–20% of patients using TENS 
developed discomforting skin irritation after a period 
of use, treatment with SCS was tried instead for 
patients with severe angina pectoris [8]. 

Mechanisms of action

Results from human and animal studies
Early experimental studies in the monkey [9] showed 
that SCS produced inhibition of the influx of nocic-
eptive signals from the heart, suggesting a primary 
pain-blocking effect of SCS. Later studies and clini-
cal experience have shown that this is not the case. 
Instead, a reduction in cardiac ischemia appears to 
be the primary effect and in its absence, no symptom 
relief will be achieved [10, 11]. 

Increased/changed coronary blood flow 
Angina pectoris typically occurs as a consequence 
of an imbalance between oxygen supply and oxy-
gen demand in the myocardium [12]. Therefore, it 
was natural that the first hypotheses concerning the 
mechanisms behind the favorable effects of SCS in 
angina pectoris focused on a possible increase in the 
blood flow to ischemic regions, in particular as SCS 
had been found to increase the circulation in periph-
eral vascular beds [13]. However, so far, there is no 
stable experimental support for this redistributing 
effect of SCS (“the Robin Hood effect”) on coronary 
flow [14], despite the findings in an early Dutch PET 
study in humans, indicating such a redistribution of 
the blood flow as a result of SCS therapy [15]. The 
study by Kingma et al. [14] was, however, performed 
on healthy animals which were subjected to an acute 
LAD occlusion, which does not replicate the clinical 
course adequately. 

To simulate these conditions experimentally, a 
chronic animal model has been developed in which 
a coronary artery is slowly occluded [16], result-
ing in collateral-dependent myocardial ischemia. 
In  subsequent experiments, the basal heart rate 
was kept at 150 beats/minute using a pacemaker. To 
 provoke critical ischemia, angiotensin II was injected. 

Resulting ST elevations over the left ventricle were 
markedly attenuated by SCS. This indicates that SCS 
may mitigate the effect of stressors on a heart with 
diminished reserve capacity. 

Reduced oxygen consumption
in the myocardium 
The other main hypothesis concerning the mechanism 
of action of SCS focuses instead on an SCS-induced 
reduction in myocardial oxygen demand [11]. 

Several experimental and clinical studies from dif-
ferent centers have shown that symptom relief by 
TENS and SCS in angina in humans is secondary to 
an anti-ischemic effect, associated with a reduction in 
the oxygen consumption of the myocardium at com-
parable workload. Specifically, a favorable change in 
the metabolism of lactate in the heart has been dem-
onstrated, as well as reduced ST segment depression 
on ECG during stress and concomitant stimulation 
[6, 7, 11, 12]. Evidence supporting the anti-ischemic 
effect is also provided by infarction studies in the 
rabbit [17, 18], where application of SCS produced a 
reduction in infarction size after controlled occlusion 
of a large coronary vessel. However, this protective 
effect was only seen if the SCS was initiated before the 
ischemic episode. 

Spinal cord stimulation may give rise to reduced 
oxygen consumption via a number of putative 
mechanisms. It has been shown in animal experimental 
studies that β-endorphin reduces oxygen consumption, 
via antagonistic effects on local opioid receptors 
(µ receptors) in the myocardium. In a study on humans, 
SCS stimulation caused release of β-endorphin in the 
myocardium, which could lead to reduced oxygen 
consumption [19]. There are also indications that the 
anti-ischemic effect could be secondary to a lowered 
sympathetic tone in the heart [20]. 

Other possible mechanisms
More recent studies also show that SCS gives rise to 
catecholamine release in the myocardium, which may 
contribute to the development of protective changes 
similar to those occurring in “ischemic precondi-
tioning”; however, in this case, without any signs of 
ischemia. SCS also appears to have the potential to 
induce other types of changes that may be observed 
in connection with ischemic preconditioning, such as 
activation of protein kinase C [17]. 
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The intrinsic cardiac nervous system is forcefully 
activated in coronary ischemia. The system consists 
of several ganglia (with autonomous and somato-
sensory nerve cells), embedded in the epicardial fat 
across the surface of the heart. Interestingly, it has 
been observed that SCS appears to be able to stabilize 
the activity in these nerve ganglia, especially in con-
nection with ischemic stress [21, 22]. 

Clinical effects

Many studies have been published on the sympto-
matic effects of SCS in angina pectoris. Most are of 
limited scientific value. Initially, only case reports 
were published, later followed by case–control studies 
of limited follow-up time. Due to the short follow-up 
periods, the small number of patients and/or lack of 
control group, these studies offered interesting clini-
cal information but limited scientific evidence for the 
efficacy of SCS. 

Beginning in the 1990s, RCT of high quality 
started to be published in this field. However, today 
most reports still do not have all the requirements 
of a high-quality study (i.e. proper randomization, 
 concealed allocation, control group, proper blind-
ing (difficult) and description of withdrawals, for 
example). Most commonly, noncontrolled follow-up 
case–control studies are reported, making scientific 
statements regarding efficacy difficult. However, eight 
RCT (and two additional substudies) of medium-high 
to high scientific value have been published in recent 
years [23 – 30]. The results of these RCTs are presented 
in the systematic review on SCS in severe angina [31]. 

In summary, there is strong scientific evidence 
that SCS reduces symptoms in patients with severe 
angina pectoris. Four available studies of high quality 
[27 – 30] show a reduction in the number of anginal 
attacks, comsumption of short-acting nitrates and/or 
an improvement of anginal classification (Canadian 
Classification Score, CCS). Clinically, this allows the 
patient to be more physically active, before experi-
encing anginal symptoms, which will also influence 
the functional status of the patient. Indeed, there is 
strong scientific evidence that SCS improves func-
tional  status in patients with severe angina pectoris, 
as measured by increased walking time on 6-minute 
walk test [27] or improved working capacity on 
treadmill/exercise test [28 – 30]. 

In addition, there is strong scientific evidence that 
SCS improves quality of life in patients with angina 
pectoris, as shown in three studies of high quality [27, 
28, 30]. One of these studies [27] showed improve-
ment in the Seattle Angina Questionnaire (SAQ), 
which includes five parts: physical limitation, angina 
stability, angina frequency, treatment satisfaction 
and disease perception. Eddicks’ study also showed 
improvement in global quality of life as measured by 
the EuroQol visual analog scale [27]. 

There is limited scientific evidence that SCS is clin-
ically safe in patients with severe angina pectoris. One 
RCT suggets that SCS is associated with reduction in 
mortality compared to CABG at 6 months, which is 
attributed to the periprocedureal mortality of CABG 
[29]. A Dutch study found the mortality of SCS 
 retrospectively to be similar to an external matched 
control group with angina pectoris [32]. 

Overall, SCS has a low complication rate in patients 
with angina pectoris, of 0–12% [27–30]. Specifically, 
no severe complications such as severe deep infection 
were reported. In the ESBY study [29], one patient 
had a subcutaneous infection, while the other most 
common complications are electrode dislocations 
and generator dislocation [28]. 

In the selection of patients who are suitable for 
implantation, it is important to identify whether the 
patient’s current chest pain really is related to revers-
ible myocardial ischemia, is of nonischemic origin 
or is even noncardiac [33]. The presence of current 
myocardial ischemia must therefore be confirmed 
using conventional methods such as exercise tests, 
myocardial scintigraphy or stress echocardiography. 

Conclusion

Angina pectoris is a growing clinical problem and 
a large number of patients with coronary disease 
remain symptomatic, despite conventional phar-
macologic treatment, and are left without (further) 
surgical treatment options, i.e. refractory angina pec-
toris. Results from available high-quality studies show 
that SCS has positive long-term effects on quality 
of life and symptoms (anginal pain) as well as func-
tional status, compared with untreated controls or 
standard treatment. Hence, SCS is the first-line treat-
ment recommended by the ESC in refractory angina 
pectoris [1]. 
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Table 29.1 Medium-to-high quality studies on SCS and angina pectoris, n =10. Reproduced from Börjesson et al. [31] with permission.

Study Design Patients Lost to follow-up Intervention Follow-up Results Complications

de Jongste 
et al. [23]

RCT 24 1 SCS vs 
placebo

2 months 
+ 1 year

1 year:
• QoL ↑
• Ischemia ↓ (n.s)

Six electrode 
dislocations

de Jongste 
et al. [30]

RCT 17 3 SCS vs 
waiting 
list (8 weeks) 
and then all SCS 

8 weeks 
+ 1 year

8 weeks:
• Working capacity ↑
• Ischemia ↓
• Symptoms ↓
• QoL ↑
1 year:
• Working capacity ↑
• QoL↑

Two electrode 
dislocations

Mannheimer 
et al. [29]

RCT 
(ESBY study)

104 
(21 women/
83 men)

8 deaths 
(1 SCS 
7 CABG)

SCS vs 
CAB 
(51/53)

6 months • Symptoms ↓
   (same both groups)
• Working capacity ↑ 
   (more in CABG)
• Mortality (1.9% 
   SCS vs 13.7% 
   CABG)

0

Hautvast 
et al. [24]

RCT 25 0 SCS + standard 
treatment vs 
standard 
treatment 

6 weeks SCS + standard treatment: 
• Working capacity ↑
• Symptoms ↓
• QoL ↑

?

Ekre 
et al. [26]

RCT 
(ESBY follow-up)

104 29 deaths (13 SCS/ 
16 CABG)

SCS vs CABG 5 years 6 months:
• QoL ↑ in both 
   groups (n.s)
5 years:
• QoL ↑ in both (n.s)
• Mortality 28% (n.s)

SCS: 1 sc infection 
and 3 electrode dislocations

Andrell 
et al. [25]

RCT 
(ESBY follow-up)

104 17 deaths (5 SCS/
10 CABG, other: 0/2)

SCS vs CABG 2 years SCS group:
• Hospitalisation ↓
• Cardiac morbidity ↓
• Total costs ↓

SCS: 1 sc 
infection and 3 electrode 
dislocations

Continued on p. 404
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Table 29.1 Continued

McNab 
et al. [28]

RCT 68 7(3 SCS/4 PMR) 
deaths: 1/10

SCS vs PMR 
(34/34)

12 months • Exercise time ↑ 0 infections, electrode 
dislocation 1, generator 
dislocation 2 (SCS)

• Symptoms ↓
• QoL ↓
    (no difference between groups)
• Time to angina ↑ in SCS

Eddicks 
et al. [27]

RCT 
(cross-over design)

12 SCS at 3 
stimulation 
regimes vs 
placebo 
stimulation 

4 months 
(4 weeks × 4)

• Symptoms ↓
• Walking distance ↑
   with all regimes 
   vs placebo stimulation

0

Jessurun 
et al. [32]

CT 
(retrospective)

57 ? SCS vs 
external 
control group

? SCS: mortality 6.5% (similar 
to external control group)

Unipolar electrode: 83% 
rep.; Quadripolar electrodes: 
33% reop.

Jessurum 
et al. [34]

CT 24 ? SCS vs 
controls 

4 weeks Symptoms similar after 
4 weeks of non-stimulation

?

CABG, coronary artery bypass graft; CT, controlled trial; ESBY, electrical stimulation versus bypass surgery in severe angina pectoris; PMR, percutaneous myocardial laser revascularization; RCT, 
randomized controlled trial; SCS, spinal cord stimulation; QoL, quality of life.
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All cardiology units treating a large number of 
patients with symptomatic coronary disease should have 
a clear strategy for the handling of patients with refrac-
tory angina. This requires development of local expert 
knowledge, together with the cardiologists in charge, 
preferably in collaboration with algologists. From this 
perspective, SCS is an effective treatment method that 
has the potential for considerably greater use.
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Introduction

In an ideal world, therapies for chronic pain would 
be so effective that most patients could be cured. 
Unfortunately, this goal is often unrealistic, for the 
simple reason that reliable cures for chronic pain syn-
dromes are generally not available. This somber con-
clusion comes from an examination of the tenacity 
of chronic pain syndromes such as fibromyalgia [1], 
and from a wealth of data about the natural history 
of disabling painful conditions treated in the workers’ 
compensation system [2].

In the absence of definitive cures for many 
chronic pain disorders, physicians rely on a number 
of strategies to manage the conditions. For the most 
part, these strategies can be divided into two large 
groups: palliative and rehabilitative. Palliative strate-
gies focus directly on symptom relief, and generally 
do not require any special effort by patients. Opioid 
therapy is a good example of palliative treatment. 
Rehabilitation has been defined as: “the restoration of 
the ill or injured patient to optimal functional level 
in the home and community in relation to physical, 
psychosocial, vocational, and recreational activity”
[3, p. 1443]. Rehabilitation involves patients taking an 
active role in optimizing recovery from their  medical 
condition via learning and practice. For example,

a patient who has sustained a cerebrovascular 
 accident (CVA) can practice walking with a cane, 
and can learn one-handed techniques for donning 
and doffing clothes. 

Rehabilitative approaches for patients with chronic 
musculoskeletal pain typically focus on physical con-
ditioning and on strategies that patients can use to 
manage pain and associated emotional distress. The 
most comprehensive pain rehabilitation programs are 
those provided in multidisciplinary pain centers and 
functional restoration programs. These often involve 
a wide range of therapeutic interventions – including 
vocational counseling, medication management and 
various interventional pain therapies such as epidural 
injections. However, two therapeutic approaches are 
used in all multidisciplinary pain rehabilitation pro-
grams – exercise therapy and psychologic treatment.

In this chapter, we conceptualize exercise therapy 
and psychologic treatment as core elements of reha-
bilitative treatment for chronic musculoskeletal pain. 
We first examine evidence regarding their efficacy as 
stand-alone treatments. We then evaluate the efficacy 
of combinations of exercise therapy and psychologic 
treatment, and finally evaluate multidisciplinary pain 
rehabilitation programs. The chapter will focus on low 
back pain (LBP), rather than attempting an  evidence-
based review of a wide range of disorders. 

Psychologic therapy

Psychologic therapies have emerged as relatively 
noninvasive approaches to the management of LBP. 
Various considerations rationalize their use. One is that 
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extensive research has demonstrated the  importance 
of psychologic factors in the onset and maintenance of 
LBP [4, 5]. This assertion does not negate the role of 
biomechanical derangements in LBP, but does assert 
that the experiences and behaviors of LBP patients are 
influenced by factors in addition to strictly mechanical 
ones. Secondly, like patients with many chronic dis-
orders, such as diabetes or breast cancer, LBP patients 
can benefit from the disease management skills that 
psychologists teach.

Psychologic therapies focus on modifying the behav-
ioral, cognitive and physiologic responses to pain [6, 7]. 
A variety of psychologic techniques have been advo-
cated, including cognitive behavioral therapy (CBT), 
self-regulatory treatment interventions, and behavioral 
(operant) therapy. These therapies differ with regard 
to their approach, perspectives, and goals, described 
below. 

Cognitive behavioral therapy
Cognitive behavioral therapy (CBT) focuses on 
belief systems and coping strategies that contribute 
to problematic behaviors of patients with LBP [7a]. 
Cognitive restructuring, an interactive process involv-
ing the socratic method, is used to teach patients to 
identify and modify maladaptive, negatively distorted 
thoughts that may lead them to avoid activities and to 
experience negative feelings, such as depression, anxi-
ety and anger. Patients are encouraged to reappraise 
irrational, self-defeating thoughts and discriminate 
between these and more rational alternatives. Faulty 
appraisals and misattributions are reframed and 
replaced with those that are less irrational. The pre-
sumption is that as a result of cognitive restructuring, 
patients will demonstrate less avoidance of physical 
activity, and will experience less physiologic arousal 
and less intense pain. Coping skills training is aimed 
at assisting patients to develop a repertoire of skills 
for managing pain as well as problem-solving strate-
gies that may be useful in a wide range of situations 
that induce pain. Using homework completed by the 
patient and issues discussed in sessions, the therapist 
assists the patient in identifying currently employed 
strategies, assessing the utility of the existing strate-
gies, e.g. whether they facilitate the patient’s relief, 
and developing/refining alternatives. 

The efficacy of CBT is related to the  modification 
of distorted cognitions that may interfere with 

 rehabilitative efforts. Previous investigations have 
 supported the notion that cognitive misinterpreta-
tions, e.g. catastrophizing, i.e. the tendency to expect 
the worst, are predictive of subsequent disability, and 
that the association is often mediated by fear avoid-
ance [8–10]. Other research indicates that patients’ 
expectations regarding their treatment and their abil-
ity to work influence adherence to treatment [11] and 
return to work [12]. 

Meta-analyses reveal that in comparison to no 
treatment or to standard treatment, CBT leads to 
improvements in perceived pain intensity, life inter-
ference from pain, health-related quality of life, 
and depression severity [13]. However, controversy 
attends the effectiveness of CBT when such treatment 
is compared to alternative active treatments [14–16]. 
Studies relying predominantly on multiple self-report 
outcome measures suggest that CBT is effective 
in facilitating psychologic adjustment and reduc-
ing reported pain levels as compared with standard 
medical treatment conditions [14, 17, 18] or wait-list 
control conditions [15, 19]. By contrast, when obser-
vational outcome measures were employed, e.g. pain 
behaviors and functional status, no significant ben-
efits were demonstrated with CBT post treatment 
[15, 19] and differential effects of CBT as compared 
with other psychologic treatment modalities were not 
always apparent [7, 20, 21]. For example, when return 
to work was assessed among LBP patients, CBT was 
not any more effective than control situations [22]. 
Additionally, while back pain patients administered 
physical therapy and CBT versus being in a conven-
tional treatment program fared better with regard to 
subjective assessments of performance, leisure activ-
ity, pain and disability perception, there were no 
significant differences between the two groups with 
regard to sick leave in the follow-up period 1 year 
later [23]. 

There are several factors that can undermine the 
effectiveness of CBT. These include patients’ failure 
to complete homework assignments [24] or failure 
to implement the strategies acquired during therapy 
(cognitive structuring and coping skills) at home 
when they are no longer in session [21]. 

Self-regulatory (respondent) treatments
Self-regulatory treatments (SRT) are intended to teach 
patients techniques to mitigate the experience of pain 
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by reducing the physiologic responses that pain tends 
to elicit. SRT therefore serve to facilitate the patient’s 
abilities to reduce muscle tension, sympathetic arousal 
or mental distress (e.g. anxiety) by inducing a state of 
relaxation. In so doing, an internal state that is incom-
patible with tension and distress is created. In addition 
to the general effects of producing a relaxed state, such 
measures foster in patients a sense of mastery over their 
pain experiences. Customarily, SRT approaches include 
biofeedback, relaxation training, guided imagery and 
hypnosis. 

A major problem in determining the effectiveness 
of SRT is that they are often provided in combination 
with behavioral and CBT therapies. In such cases, it 
is difficult to ascertain the independent contribution 
that SRT approaches make. Meta-analyses of RCT 
in which SRT were combined with CBT in the treat-
ment of chronic LBP have shown that such combina-
tions produced short-term reductions in pain severity 
compared with patients in wait-list control conditions 
[15, 16]. However, the added contributory role of SRT 
could not be confirmed [25, 26]. 

The nature of SRT suggests that they would influ-
ence perceptions of pain intensity severity, but would 
have less influence on functional restoration. This has 
largely been borne out in available research. There are 
limited data available from RCT suggesting that relax-
ation and imagery techniques moderately reduce per-
ceived pain severity, and, as expected, poor evidence 
to support that such interventions influence patients’ 
general functional status [15, 16]. 

Behavior (operant) therapy
The goal of behavior therapy is to mitigate exces-
sive problematic pain-associated behaviors, e.g. 
over-reliance on medication and inactivity, and 
increase the frequency of adaptive behaviors that at 
baseline occur infrequently or not at all, e.g. walk-
ing, exercise, self-care, work [27]. Behavior therapy 
is predicated on the principles of operant condition-
ing, i.e. the patient engages in behavior(s) maintained 
by social and environmental contingencies. Simply 
put,  behaviors that are followed by pleasant or desir-
able  consequences (reinforcements) are likely to be 
repeated in the future, whereas those followed by 
negative  consequences are not likely to recur [28]. 
To influence behavior, the therapist actively modifies 
the consequences that follow the patient’s behavior; 

therefore, behavioral approaches rely on adapting 
reinforcement contingencies to increase the patient’s 
activity levels and to increase health behaviors, 
while withholding reinforcements for maladaptive 
behaviors. 

When originally described, operant therapy was 
conducted with chronic pain patients undergoing 
multidisciplinary pain rehabilitation on an inpatient 
basis [29, 30]. Although operant conditioning prin-
ciples guided various aspects of the rehabilitation 
program (e.g. tapers of opioid medications), their 
most obvious application was to exercise therapy. 

Operant therapy differs in critical respects from 
other kinds of psychologic treatment [16, 28]. Instead 
of direct patient treatment, the role of the psycholo-
gist is to teach the principles and procedures of operant 
conditioning to other team members. Thus, psycholo-
gists instruct physical therapists who construct and 
co-ordinate the regimen of a patient’s exercise therapy 
program such that reinforcements are consistently 
applied to optimize adherence. Ultimately, the profes-
sional who provides the treatment is a physical thera-
pist. The psychologist contributes expertise only with 
respect to specific issues related to the exercise program, 
e.g. the reinforcement schedule that should be followed 
as demands are increased, and the way in which the 
physical therapist should behave when the patient suc-
ceeds or fails on established quotas. Choices regarding 
the specific exercises to be given to patients are made by 
the physical therapist or the supervising physician. 

One potential weakness of operant programs as 
envisaged by Fordyce [28] is that they require a great 
deal of control over the environment of patients. 
This could be achieved during inpatient pain reha-
bilitation programs but in outpatient settings, such 
environmental control can generally not be achieved. 
A related problem is that the changes produced dur-
ing a treatment program can dissipate at home or 
work, where reinforcement patterns are less system-
atic or consistent. Ideally, effective behavioral pro-
grams also include training for partners/significant 
others with whom the patient resides or is closely 
connected. The partners/significant others are taught 
to recognize the difference between healthy and 
unhealthy behaviors, and to reinforce healthy adap-
tive behaviors while withholding attention from 
unhealthy behaviors exhibited by the patient. The 
goal of such training is to bolster treatment programs 
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by the implementation of comparable reinforcement 
 programs in the home [21]. 

Several studies on the efficacy of physical therapy 
based on operant principles have shown that such 
therapy produces better outcomes than various other 
treatment programs [25, 31–33] or than participation 
in a wait list control group [21, 34, 35]. However, some 
studies have found no difference between  operant 
treatment and various other kinds of treatment 
[36–38]. It is reasonable to conclude from the above 
research that operant treatment probably has a posi-
tive effect on LBP patients, but that the efficacy of the 
approach has not been conclusively demonstrated. 

One possible reason for inconsistencies in the 
results of research on operant activity programs is 
that experienced physical therapists (PT) may already 
have developed effective strategies for addressing 
behavioral issues that come up during exercise ther-
apy. For example, Fordyce and other behavior thera-
pists have argued that an exercise program should 
be progressed on the basis of a prearranged schedule 
rather than on the basis of the pain behaviors of a 
patient. It is quite possible that experienced PT have 
intuitively learned this strategy or equally effective 
behavioral strategies as a result of their interactions 
with large numbers of patients. To the extent that PT 
have developed effective behavioral strategies without 
the help of psychologists, comparisons between oper-
ant programs and usual exercise programs are likely 
to be inconclusive. 

Also, it is possible that operant treatment rests on a 
conceptualization of human behavior that is too nar-
row. By focusing exclusively on outcome contingen-
cies, the behavioral approach fails to address subjective 
experiences that influence behavior. For example, 
expectation, anticipation, thinking, planning, and 
remembering can also influence behavior and medi-
ate pain-related behavior and perception [6]. As an 
illustration, passivity and inactivity can be particularly 
problematic in LBP, resulting in generalized decondi-
tioning, muscle weakness, and reduced endurance – all 
of which can exacerbate pain once an effort is under-
taken. From a behavioral  perspective, such passiv-
ity might be reinforced by others, e.g. the solicitous 
spouse who tends to the patient’s needs every time the 
inactivity is noticed. An alternative explanation might 
attribute the inactivity to the patient’s expectations 
that activity will exacerbate pain, i.e. fear avoidance. 

Thus, the patient is avoiding the prospect of pain, a 
factor that may be more pivotal in determining the 
inactivity. Yet another explanation suggests that pas-
sivity arises from learned helplessness. For example, a 
patient might conclude that his/her pain will inevita-
bly cause permanent disablement, and that it is point-
less to try to change this fate by exercising. 

The broad point is that many psychologists believe 
that an exclusive emphasis on the overt behavior of 
a LBP patient is inadequate. Instead, they emphasize 
that both the overt behavior and the subjective expe-
riences of patients must be considered in psychologic 
theories that purport to understand them, and in 
psychologic treatments to modify the behavior. This 
is the perspective taken by supporters of CBT.

Summary
The aim of various psychotherapeutic approaches is 
to modify the behavior, cognitions, and physiologic 
reactivity associated with pain [7, 10]. In the aggre-
gate, there is evidence that psychologic interventions 
benefit LBP patients with respect to clinical outcomes 
such as pain relief, improved mood, and improved 
functional capacities. However, the efficacy of psy-
chologic intervention remains unclear with regard to 
influence on vocational outcomes. 

It is important to note that these general con-
clusions obscure several issues that have not been 
resolved in the studies cited above. One problem in 
evaluating psychologic therapies is that they are often 
embedded in broad-based rehabilitation programs 
that include several other types of treatment. As a 
result, it is difficult to determine the independent 
effect of the psychologic treatments. 

Another problem is that research to date has not 
determined the relative efficacy of different psycho-
logic approaches. Generally, comparisons of the rela-
tive efficacy of varied psychotherapeutic approaches 
have demonstrated few differential findings. In some 
cases, behavioral approaches were reported to be more 
effective than cognitively based approaches [25, 35] 
whereas in other studies, a combined operant-cognitive 
approach was superior to a unimodal operant approach 
[7, 39]. Furthermore, in studies comparing the effica-
cies of psychotherapeutic approaches, any differences 
in effects noted at the conclusion of time-limited treat-
ment programs was generally found to disappear at 
 follow-up some time later [7]. 
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A related issue is that it may be pointless to attempt 
to assess the effectiveness of any specific psychologic 
approach in the abstract. The key challenge may be 
one of matching the psychologic treatment that is 
provided to the specific psychologic needs of an indi-
vidual patient. A study by George et al. [40] exempli-
fies this point. They found that a graded activity (i.e. 
operant) exercise program facilitated improvement 
among LBP patients with high levels of fear of rein-
jury, but impeded the progress of patients with low 
fear levels. 

Finally, several recurring methodologic issues cloud 
the interpretation of research on psychologic thera-
pies. For example, factors obscuring determination of 
differential treatment effects across psychotherapeutic 
approaches include the heterogeneity of definitions 
and content of treatments described as cognitive 
behavioral or behavioral, varying outcome meas-
ures, varying use of co-interventions, e.g. medication, 
and different sample characteristics, e.g. mild ver-
sus moderately to severely disabled individuals [41]. 
Combined, these methodologic issues impede efforts 
to ascertain which psychologic treatments, or com-
binations of treatments, are essential in  optimizing 
rehabilitation efforts. 

Physical therapy

Physical therapy exercise interventions for LBP 
patients range from specific exercises, aimed at symp-
tom reduction and movement control, to general exer-
cises for improving strength, flexibility and aerobic 
conditioning. Evidence is stronger for the effectiveness 
of exercise therapy than for the effectiveness of other 
PT interventions such as heat modalities [42, 43]. 
However, many questions regarding the effectiveness 
of specific elements of exercise therapy remain. 

Multiple systematic reviews have shown that ther-
apeutic exercise in PT reduces pain and improves 
activity in patients with chronic LBP [44]. In a 
 systematic review of exercise therapy for nonspecific 
LBP  involving 61 trials (43 of which included chronic 
LBP), Hayden et al. [45–47] reported that exercise 
therapy decreased pain and improved function by 
modest amounts. When considering work disability, 
Kool et al. [48] reported significantly reduced sick 
leave within the first year, in a meta-analysis of 14 
RCT of exercise for nonacute, nonspecific LBP. This 

effect was strongest in the most severely disabled 
patients (�90 days of sick leave). While the strength 
of this effect has been questioned [49], there is clearly 
support for prescribing therapeutic exercise for 
patients with chronic low back pain. 

Program design, exercise intensity, delivery type, 
and individualization of exercise interventions all 
impact the effectiveness of exercise interventions 
[45 – 47]. Exercise programs that have a higher exer-
cise dosage (�20 h intervention) and are delivered 
in a supervised format (which may include home-
based exercises with regular practitioner follow-up) 
are associated with greater improvements in patients 
with chronic LBP [45 – 47]. Also, better results are 
obtained when programs are individualized based on 
the patient’s pretreatment level of physical function, 
severity of pain and tolerance to exercise-induced 
pain [50]. 

Specific approaches to therapeutic 
exercise for chronic LBP
The reviews cited above [44–47] included stud-
ies of a variety of exercise programs. In combining 
exercise programs that are quite different from each 
other, the authors may have obscured important dif-
ferences in effectiveness among various programs. 
In addressing this issue, it is helpful to distinguish 
between: (1) general conditioning programs which 
emphasize flexibility, aerobic fitness and strength-
ening of major muscle groups throughout the body, 
and (2) specific exercise programs based on hypoth-
eses about the pathophysiology underlying patients’ 
symptoms. 

One such specific exercise approach is called spinal 
stabilization. Spinal stabilization programs include 
specific exercises designed to enhance the control 
of spinal orientation and control of intervertebral 
translation and rotation via training of deep trunk 
muscles, specifically the lumbar multifidus and trans-
versus abdominis [51], and sometimes also the rec-
tus abdominis, quadratus lumborus, internal oblique 
abdominals, and erector spinae [52]. 

Hides et al. [53] reported reduced LBP recurrence 
in 20 first-episode LBP patients who received spinal 
stabilization training for multifidus and transver-
sus abdominis muscles, compared to control patients 
(n � 19) receiving advice and medication only. 
However, spinal stabilization programs have generally 
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not been shown to be superior to general exercise pro-
grams or usual PT [54–56]. For example, Critchley 
et al. [55] reported no significant difference in physi-
cal performance or self-rated disability between groups 
of randomized patients in three intervention groups: 
(1) usual outpatient PT (n � 71), (2) spinal stabiliza-
tion (n � 69), and (3) PT-led pain management classes 
(n �  72). The only significant difference between 
groups was that patients in the PT-led pain manage-
ment group had lower levels of healthcare consump-
tion and costs following treatment than patients in the 
other two groups. 

 Another form of specific exercise is the Mckenzie 
approach to low back pain. Directional preference 
(DP) is at the foundation of this approach and is 
identified when posture or repeated end-range move-
ments in a single direction (flexion, extension or 
side-glide/rotation) decrease lumbar midline pain or 
reduce the extent of peripheralization of symptoms 
[57]. Long et al. [57] demonstrated better outcomes 
after 2 weeks in patients who received treatment based 
on directional matching, compared to those matched 
with the opposite direction or given multidirectional 
exercises. Since 46% of patients were considered 
chronic, using the patient’s directional preference as 
a guide may benefit patients with chronic LBP during 
initial phases of the exercise programs.

Pooled results of four trials comparing pas-
sive therapy with McKenzie exercises for acute LBP 
showed a statistically significant decrease in pain and 
disability favoring the Mckenzie approach at 1-week 
follow-up. However, no difference in disability was 
found between the groups at 4 weeks [58]. Peterson 
[59] found that in comparison to an intensive 
strengthening program, a McKenzie approach showed 
a greater reduction in pain at 2 months (P � 0.01) but 
no significant difference at 8 months in pain, func-
tion, and disability levels. Thus, while there may be 
short-term benefits of McKenzie exercises for LBP, 
they do not appear to enhance function and disability 
at later stages of rehabilitation. 

Matching treatments to patients
Subgroups or classifications that match patient 
 baseline characteristics and examination fac-
tors with a specific treatment approach have been 
studied for physical therapy interventions [60]. 

A preliminary clinical prediction rule for  determining 
which patients are likely to respond to segmental 
 stabilization exercises was  developed by Hicks [61]. 
For patients completing a spinal stabilization pro-
gram, a higher likelihood for improvement at 8 weeks 
(�50% on the Oswestry Disability Questionnaire) 
was associated with four variables: age �40 years, 
straight leg raise �91º, positive prone instability test, 
and aberrant movement patterns. Using segmental 
spine mobility assessment, Fritz et al. [62] reported a 
higher success rate among patients receiving stabili-
zation exercises who were categorized with segmental 
hypermobility than those categorized with segmental 
hypomobility. Selecting specific exercises based on 
subgroups, based on physical examination findings, 
may be most beneficial during the acute and subacute 
stages [63]. However, there are likely to be a different 
set of characteristics or classifications that are more 
appropriate for chronic LBP. Although much research 
is needed, it appears that classification systems for 
chronic LBP may assist in the selection of therapeutic 
exercise approaches. 

Physical versus psychologic changes 
during exercise therapy
The rationale for exercise therapy in LBP patients 
seems obvious. If patients can increase their strength, 
flexibility and co-ordination through such therapy, 
these improvements should translate into increases 
in their ability to engage in the physical activities 
required for normal participation in work, family life, 
and recreation. This analysis suggests that exercise 
therapy helps LBP patients via a fairly straightforward 
transfer of physical capacities developed in the gym 
to activities of daily living. 

It is possible, though, that the connection between 
participation in an exercise program in the gym and 
improvement in activities of daily living is indirect, 
and is mediated primarily by psychologic processes. 
For example, it is possible that participation helps 
patients not so much by increasing their physi-
cal capacities as by increasing their confidence that 
they can use their bodies safely or their ability to 
maintain emotional equanimity in the face of pain 
increases. 

These alternative explanations for the benefits from 
exercise therapy can be tested empirically by examining 
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the extent to which changes in physical capacities 
versus changes in psychologic measures of coping 
during rehabilitation programs predict important 
outcome variables such as self-reported disability and 
return to work. Wessels et al. [64] reviewed 13  studies 
of rehabilitative care that permitted such compari-
sons to be made, and concluded: “The results show 
that functional coping mechanisms and pain reduc-
tion seem associated with a decrease in disability and 
return to work, but not physical performance factors” 
(p. 1640). Thus, it appears that changes in patients’ 
perceptions and coping strategies are at least as 
important as changes in physical capacity in the func-
tional improvements that occur as a result of exercise 
therapy. 

Support for the importance of psychologic fac-
tors in exercise therapy also comes from intensive 
multidisciplinary pain rehabilitation programs (see 
below). These programs typically produce substan-
tial changes in patients’ physical performance in 
only a few weeks. This time interval provides ample 
opportunity for patients to change their attitudes 
and coping mechanisms, but is too short to pro-
duce major changes in patients’ physical capabili-
ties [65]. A plausible hypothesis to account for the 
rapid changes is that prior to starting rehabilitation 
programs, patients perform well below their physi-
ologic limits because of concern that they might 
injure themselves. As their fears subside, their per-
formance improves so that it approximates their 
physiologic limits by the time the rehabilitation 
program ends. Thus, the improvements in physical 
performance that occur during the programs are 
mediated primarily by psychologic changes rather 
than physical ones.

Summary

In general, exercise is effective for reducing pain 
and improving function in individuals with chronic 
LBP.
Higher dosage, individualized programs and 
supervised programs are associated with better 
outcomes.
Specific stabilization exercises have shown some 
effect in reducing recurrence when applied to acute 
LBP, when compared to no treatment. However, 

•

•

•

stabilization exercises compared to general exercise 
or usual physical therapy have not shown better 
outcomes.
Specific exercises based on directional preferences 
may benefit patients with acute LBP, but there is 
 limited evidence supporting this approach for chronic 
LBP.
The benefits that accrue from exercise therapy 
appear to depend at least as much on psychologic 
changes such as improved coping mechanisms as 
on changes in physical capacity.

Combination therapy – physical 
and psychologic 

As has been discussed above, there is empirical 
support for both psychologic therapy and exercise 
therapy in the treatment of chronic LBP. These find-
ings beg the question of whether the combination of 
these therapies produces better results than either 
one given in isolation. Unfortunately, the body of 
literature examining the efficacy of the combina-
tion of psychologic therapies and exercise is some-
what limited, and most of the relevant studies do 
not address the issue of combination therapy in an 
unambiguous way. 

As one example of the ambiguity of PT/psycho-
logic combination therapy, treatment programs 
based on operant principles involve an integration 
of behavioral principles and exercise therapy (see 
above). However, in typical operant programs or 
graded activity programs, patients receive both exer-
cise and instruction in a conceptual model regarding 
factors that underlie persistent LBP. Thus, it is diffi-
cult to determine whether benefits from such pro-
grams should be attributed to the exercises in which 
patients engage or the psychoeducational inputs 
they receive. 

 Hints about the benefits of combined PT and 
psychologic therapy come from studies examin-
ing the use of these treatments within the context of 
multidisciplinary/interdisciplinary treatment pro-
grams. The efficacy of multidisciplinary chronic pain 
 management is well established (see below), and 
programs essentially always include psychologic and 
exercise components. However, since the programs 

•

•
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also include various other therapies (e.g. medications, 
interventional approaches, the therapeutic milieu), 
it is difficult, if not impossible, to draw conclusions 
specifically regarding the combination of psychologic 
and exercise therapies.

The same interpretive problem applies to a 
Cochrane review by Schonstein et al. [66] on the 
effectiveness of work conditioning, work hardening, 
and functional restoration programs for disabled 
workers with neck or back pain. The authors con-
cluded that exercise programs foster return to work 
among these patients only if they are accompanied 
by CBT. But inspection of the 18 studies included 
in the review indicates that many of them evaluated 
multidisciplinary rehabilitation programs which 
included several treatment elements other than just 
PT and CBT. 

We are aware of only one study that nominally 
attempted to assess the effects of exercise therapy, 
CBT, and the combination of the two. Jensen et al. 
[67] randomly assigned work-disabled individuals 
with nonspecific spinal pain to one of four treat-
ment conditions: PT; CBT; a behavioral medicine 
program (BM) that combined PT and CBT; and a 
treatment as usual control group. They found mod-
est support for the efficacy of combined treatment, 
in that female patients given the BM treatment had 
better outcomes with respect to self-reported well-
being and return to work than ones in the control 
group. Outcomes for the PT and CBT participants 
fell between those of the BM participants and the 
control participants. 

Unfortunately, the study was designed in a way 
that precluded any clear interpretation about effects 
of PT, CBT, and combined therapy. One complicat-
ing design issue is that there was substantial blurring 
between PT and psychologic therapy. Participants in 
the PT group received relaxation training and lec-
tures on psychologic aspects of chronic pain in addi-
tion to exercise therapy. Also, the exercise therapy 
they received was described as a “behavior-oriented” 
exercise program. Although the program was not 
described in detail, it appears to have followed the 
graded activity approach originally outlined by 
Fordyce [28]. Thus, participants in the PT group 
could best be described as receiving integrated CBT/
PT, rather than PT alone. Another complicating issue 
is that participants in the BM group received more 

total hours of treatment than did participants in the 
PT or CBT groups.

In summary, common sense and clinical experience 
support the combination of psychologic therapies 
and exercise programs for the treatment of chronic 
low back pain, and there is ample evidence for the 
effectiveness of multidisciplinary pain rehabilitation 
programs, which include the two types of treatment 
along with various other therapies. However, there 
is a paucity of research on treatment programs that 
include combinations of only psychologic therapy 
and exercise therapy. Thus, no conclusions can be 
reached about the efficacy of combining these two 
treatment approaches. 

Multidisciplinary pain 
rehabilitation 

Multidisciplinary chronic pain treatment is 
 distinguished by integrative and co-ordinated 
interventions from different disciplines with com-
mon goals [68]. The approach includes a thorough 
evaluation, establishment of a treatment plan, and 
cohesive team treatment [69]. Treatment provides 
training in various tools to create a sense of con-
trol over pain and life, through changing emotional, 
behavioral, cognitive, and sensory experiences [70]. 
Multidisciplinary pain management/treatment/reha-
bilitation programs (PMP) frequently include phy-
sicians, nurses, physical therapists, psychologists or 
social workers, biofeedback therapists, occupational 
therapists, recreational therapists, and vocational 
counselors [69, 71]. The treatment provided by PMP 
is typically intensive. Early programs were carried out 
in an inpatient setting. In recent years, most PMP 
have used a day treatment model, in which patients 
come to a center approximately 40 hours per week for 
3 weeks or more. 

Pain management programs differ substantially 
from each other in a number of ways. Some of the 
differences among them are shown in Table 30.1. The 
differences complicate research on PMP effectiveness 
and render the definition of a PMP somewhat ambig-
uous. In the present discussion, we define a PMP as 
a chronic pain treatment program that: adheres to a 
rehabilitative model; includes at least medical moni-
toring, active physical therapy, and psychologic treat-
ment; and provides at least 100 hours of treatment.
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Table 30.1 Factors on which multidisciplinary pain 
centers vary

Patient variables at start of treatment
Social context of treatment – injured workers versus other 

patient groups 
Pain condition being treated – low back pain versus other 

specific pain condition versus mixture of patients with dif-
ferent painful conditions

Chronicity
Level of function required of patients at start of program, e.g. 

bedbound versus ambulatory and able to stay up all day

Treatment variables – general
Intensity – inpatient versus outpatient; hours per week; 

number of weeks
Setting in which treatment is carried out:
  Medical setting – hospital or outpatient clinic 
 Home
  At job site
Strict rehabilitative model versus mixture of rehabilitation and 

palliative treatment
Tone of program:
  Strict, “tough love” approach versus permissive approach
  Alliance with patients versus alliance with workers’ com-

pensation carrier or employer

Specialists comprising treatment team 
Physician 
Psychologist
Physical therapist
Occupational therapist
Vocational rehabilitation counselor
Nurse

Treatment inputs
Medical monitoring
Medication management:
  Discontinuation of opioids and sedatives
  Addition of medications, e.g. antidepressants
  Other treatments – injections; indwelling epidural catheter
Physical therapy:
  Exercise – graded activity versus other
  PT modalities – heat, myofascial release 
Psychologic treatment – many types
Vocational rehabilitation
Education
Team meetings; co-ordination

Outcome variables
Pain
Self-reported functional status, e.g. SF-36, Oswestry
Observed functional capacity 
Use of medical resources, e.g. more surgeries
Patient satisfaction
Psychologic improvement – self-efficacy; reduced fear; 

reduced depression
Vocational – return to work; declared employable; claim 

resolution

Outcome evaluation – overview
More than 100 outcome studies on PMP have been 
published. The earliest studies were case series [29]. 
During the 1980s investigators published results of 
prospective or retrospective cohort studies in which 
patients receiving PMP were compared to those 
receiving other kinds of treatment [72]. During 
the 1990s several large RCT were conducted in 
which PMP treatment was compared to a variety of 
alternatives [73, 74]. For the most part, published 
studies have supported the efficacy of PMP. They 
have demonstrated that following PMP treatment, 
patients show reductions in pain, emotional distress, 
and perceived disability [26, 75–79]. PMP graduates 
have also demonstrated reduced use of medical 
services and increased return to work [76, 80, 81]. 
Even without significant changes in pain, significant 
improvements in mood, coping skills, physical 
disability, and medication consumption have been 
reported following PMP treatment [78]. 

Reviews and meta-analytic reviews 
of PMP
Because of the multitude of studies on PMP, sev-
eral literature reviews on the effectiveness of the pro-
grams have been undertaken. Flor et al. [82] evaluated 
65 studies of multidisciplinary pain treatment using 
meta-analytic methodology. In contrast to the previ-
ous meta-analytic research by Malone & Strube [83] 
which provided evidence that nonmedical treatments 
of chronic pain were effective, Flor et al. evaluated only 
multidisciplinary programs. The results of both within- 
and between-group effect sizes demonstrated greater 
improvements following PMP relative to no treatment, 
wait list, and single discipline interventions. These 
positive results were obtained for a variety of outcome 
measures, including subjective ones (pain and mood) 
and objective ones (return to work and healthcare utili-
zation). Results supported the superiority of PMP over 
standard care and continued stability over 12 months. 

Cutler et al. [84] performed a review and meta-
analysis of work outcomes among LBP patients who 
received PMP. They evaluated 164 publications for 
inclusion that focused on nonsurgical interventions for 
pain management, including physical therapy, occupa-
tional therapy, TENS, behavioral techniques (individual 
and group psychotherapy, cognitive retraining, relaxa-
tion training, hypnosis, biofeedback, education, etc.), 
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program to those of an individual PT program 
 lasting 10 hours. The treatment groups did not differ 
significantly with respect to pain intensity, sick leave 
or healthcare consumption at 24-month follow-up. 
Haldorsen et al. [89] identified injured workers as 
low, medium or high risk for continued work dis-
ability, and randomly assigned patients within each 
group to one of three treatments: ordinary treatment, 
light multidisciplinary treatment (approximately 6 
hours of treatment), and extensive multidisciplinary 
treatment (120 hours). They found that the three 
treatments promoted return to work equally well for 
low-risk patients, that light and extensive multidis-
ciplinary treatment promoted return to work more 
effectively than ordinary treatment for medium-risk 
patients, and that only extensive multidisciplinary 
treatment facilitated return to work for high-risk 
patients. 

Both Kaapa et al. and Haldorsen et al. investi-
gated the efficacy of less intensive PMP that were 
less expensive than traditional ones. These studies 
can be viewed as a first step in addressing the broad 
issue of how to streamline PMP so that they are both 
clinically effective and cost-effective. Cost-effective-
ness for a “light” PMP was specifically addressed 
by Skouen et al. [90] in a follow-up of the study by 
Haldorsen et al. They concluded that when both 
medical and disability costs were considered, a light 
PMP program was cost-effective for males with disa-
bling back pain. In contrast, light PMP was not cost-
effective in the treatment of disabled women, and 
an extensive PMP was not cost-effective for either 
gender. 

Several studies published during the past 7 years 
have looked at predictors of positive response to PMP 
rather than at the overall effectiveness of such pro-
grams. Studies on gender differences have produced 
mixed results, with men being more responsive to 
PMP in some studies [90–92], women being more 
responsive in at least one [93], and no gender differ-
ence being obtained in three studies [94–96]. These 
findings leave open the question of whether men or 
women respond better to PMP. 

Other studies have looked at a variety of other 
potential predictors of outcome of PMP treat-
ment, including scores on the SF-36 [97] and the 
Pain Disability Questionnaire [98], patient beliefs 
and coping patterns [99], readiness to self-manage 

nerve blocks, medication  management, and combina-
tions of these treatments. They systematically evalu-
ated 37 studies that used return to work as an outcome 
variable. Most of these studies reported treatment in 
PMP. Results indicated that nonsurgical interventions 
(primarily PMP treatment) more than doubled the 
rate of return to work post treatment. 

Guzmán et al. [85] performed a systematic review 
that was limited to RCT of PMP. The review included 
10 such trials. The authors concluded: “There was 
strong evidence that intensive multidisciplinary biopsy-
chosocial rehabilitation with functional  restoration 
improves function when compared with inpatient or 
outpatient nonmultidisciplinary treatments. There 
was moderate evidence that intensive multidiscipli-
nary biopsychosocial rehabilitation with functional 
restoration reduces pain when compared with outpa-
tient nonmultidisciplinary rehabilitation or usual care. 
There was contradictory evidence regarding vocational 
outcomes of intensive multidisciplinary biopsychoso-
cial intervention” (p. 1511).

The systematic reviews by Flor et al., Cutler 
et al., and Guzman et al. are not strictly comparable, 
because they included different studies. The reviews 
agreed that PMP promote improvement in important 
clinical measures such as pain, mood and functional 
capacity. They disagreed with respect to the effective-
ness of PMP in promoting return to work. 

Recent research 
No additional systematic reviews of PMP have been 
published since 2001. In fact, there has been a dearth 
of research on PMP during the past several years. 
This may reflect the fact that PMP have been on the 
decline for many years [86], largely because of lack of 
support from the insurance industry. 

In one recent RCT [87], 86 disabled LBP patients 
were randomly assigned to a functional restoration 
program (30 hours per week for 5 weeks) or individ-
ual PT (3 hours per week for 5 weeks). After statisti-
cal adjustments were made, patients in the functional 
restoration group demonstrated better outcomes at 
6 months than those in the PT with respect to sick 
leave days, satisfaction with treatment, and physical 
capacities. Two other RCT dealt with treatment pro-
grams that included elements of traditional PMP but 
were less intensive. Kaapa et al. [88] compared the 
effects of a 70-hour multidisciplinary  rehabilitation 
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pain [100], obesity [101], opioid use or dependence 
[102, 103], healthcare utilization prior to enrollment 
in a PMP [94], various DSM-IV psychiatric diag-
noses [103], and miscellaneous other psychosocial 
variables [104, 105]. In the aggregate, these stud-
ies suggest that several different demographic and 
psychosocial characteristics of patients influence 
the likelihood that they will respond to PMP. But 
it is extremely difficult to integrate findings from 
the above studies into a coherent profile of the type 
of individual who is likely to respond well to PMP 
treatment. One recent review attempted to do this 
[106], but the authors concluded that it was “impos-
sible to define a generic set of predictors of outcome 
of multidisciplinary rehabilitation” (p. 813). The 
main problem they encountered was that the stud-
ies they reviewed were so disparate that it was essen-
tially impossible to identify consistent, replicable 
results. 

Summary
Overall, the above research demonstrates the efficacy 
of PMP. Chronic pain patients demonstrate improve-
ments on multiple measurements after treatment, at 
both short-term and long-term follow-up. The posi-
tive treatment outcomes from PMP are higher than 
those achieved with standard medical intervention 
and unimodal treatments. 

It is important to note, though, that there are sig-
nificant gaps in the evidence regarding PMP. One 
important issue that has not been adequately stud-
ied is the optimal mixture of specific treatment 
modalities offered in PMP. As noted above and 
documented in Table 30.1, PMP differ greatly with 
respect to treatment modalities and several other 
factors that may influence the effectiveness of their 
treatment. This variation can be traced to the histor-
ical fact that PMP have been established not on the 
basis of empirical evidence but rather on the basis of 
the intuitions of clinicians about the combinations 
of treatments that would produce optimal results. 
Although individual studies and systematic reviews 
provide empirical support for many of the PMP 
that have been developed, the significance of most 
of the factors in Table 30.1 has not been systemati-
cally explored. As an example of the kind of research 
that is needed, a few recent studies have evaluated 
“light” PMP and have thus addressed one important 

dimension on which PMP vary – the intensity of 
treatment. 

Similarly, although there is a growing body of 
research on predictors of success from PMP treat-
ment, the research has not yet progressed to a point 
where practical strategies can be developed for decid-
ing which chronic pain patients should be referred 
to PMP. In the current environment of skepticism 
about the effectiveness and cost-effectiveness of PMP, 
it is exceedingly important for clinicians to refer only 
those patients with a good chance of profiting from 
PMP treatment. 

Conclusion 

The literature cited above supports the conclusion 
that two of the core ingredients of rehabilitative treat-
ment for chronic LBP are effective – exercise therapy 
and psychologic therapy. Indirect evidence supports 
the conclusion that combinations of exercise therapy 
and psychologic therapy produce better outcomes 
than either approach provided in isolation. Finally, 
there is evidence for the effectiveness of intensive 
multidisciplinary pain rehabilitation programs, which 
include exercise therapy and psychologic therapy in 
combination with various other inputs such as medi-
cation management. 

As is often the case, significant methodologic issues 
limit the strength of the conclusions that can be 
reached from this review. As noted in virtually every 
relevant systematic review [16, 45, 66, 85], the research 
literature on rehabilitative therapies is plagued by 
a host of methodologic problems related to subject 
selection, randomization, definition of treatments, 
subject attrition leading to missing data, blinding of 
subjects  and examiners, definition of outcome variables, 
and statistical methods. These issues have been 
addressed in detail in the above reviews, and will not 
be repeated here. 

Another problem that complicates interpretation of 
the literature is the enormous variation across studies 
that superficially address the same treatment modal-
ity. For example, Table 30.1 describes the numerous 
factors that differentiate various PMP. Similar varia-
tion exists across studies of exercise therapy and psy-
chologic therapy. This variation makes it difficult to 
combine studies, even when the component studies 
are methodologically rigorous.
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Of the many unresolved issues related to rehabili-
tative treatment for chronic pain, we believe that the 
following deserve special attention.

Specific issues regarding exercise therapy
The aggregation of studies on exercise therapy for the 
purposes of systematic review embodies the assump-
tion that exercise therapy represents a well-defined, 
homogeneous form of treatment. Most physical 
therapists bristle at this idea and emphasize the sub-
stantial differences among different approaches to 
exercise therapy for LBP. A related issue is that it may 
be pointless to evaluate the effectiveness of a specific 
exercise program in the abstract, because its effective-
ness may depend primarily on whether it matches the 
biomechanical deficits and psychosocial make-up of 
an individual patient. Also, legitimate questions can 
be raised about the extent to which the effectiveness 
of physical therapy depends on “art” versus “science.” 
It is certainly possible that the successes of PT depend 
more on their unique combinations of communica-
tion skills and knowledge of biomechanics than on 
the specific “schools” of physical therapy to which 
they subscribe, or the names they give to the treat-
ments that they provide. 

Specific issues regarding psychologic 
therapies 
Research on psychologic therapies runs into prob-
lems very similar to those outlined above for exercise 
therapy. Specifically, there are multiple treatment 
approaches that are loosely included under the “psy-
chologic therapy” rubric. The fact that psychologic 
therapies in the aggregate are effective in treating LBP 
leaves multiple questions unanswered about the spe-
cific therapies that are likely to be most helpful for 
specific patient groups. Moreover, it is quite possible 
that the benefit from psychologic therapies depends 
as much on the interpersonal skill of the individual 
psychologist as on the specific “school” to which the 
psychologist adheres. 

The optimal setting for multidisciplinary 
rehabilitative treatment
For many years after PMP were started in the 1960s, 
programs were established in medical facilities such 
as hospitals or outpatient rehabilitation centers. 
Implicitly, programs run in such settings conveyed the 

message that pain rehabilitation is a medical process 
that needs to be treated in a medical facility. This mes-
sage may be inappropriate for injured workers with 
chronic LBP. As Fordyce [107] has argued,  workers 
with persistent LBP might better be construed as 
 having activity intolerance than as having a medical 
condition that is amenable to medical therapy. From 
this perspective, it might be more appropriate for 
rehabilitation of injured workers to occur in a work-
like setting than in a medical setting [108–110].

Complementary and alternative 
treatments
Another historical legacy from the 1960s is that PMP 
have generally been run by physicians and have focused 
on allopathic therapies. Very little attention has been 
given to the role of complementary and alternative med-
icine (CAM) therapies such as chiropractic treatment or 
acupuncture in PMP. Given the heavy reliance on such 
therapies by patients with musculoskeletal disorders, 
it will be important in the future to consider ways to 
integrate them into rehabilitation programs, and to 
evaluate PMP that include CAM therapies. 

Patient populations – medical conditions 
This chapter has focused on LBP for the practical rea-
son that research on rehabilitative therapies is much 
more extensive for disorders of the lumbar spine than 
for any other kind of chronic pain disorder. Obviously, 
though, questions can be raised about the generaliz-
ability of the conclusions summarized above. In the 
absence of conclusive evidence, we speculate that the 
rehabilitative approaches that have shown efficacy in 
the treatment of LBP are also likely to be efficacious 
for most chronically painful musculoskeletal condi-
tions. But their relevance to painful disorders that 
involve other organ systems (e.g. endometriosis or 
diabetic neuropathy) is unclear.

Patient populations – injured workers
It is important to distinguish between injured workers 
and other patient groups when discussing rehabilita-
tive therapies for LBP. One reason for this distinction is 
that different outcome variables are needed for workers 
versus nonworkers. A related point is that PMP have 
been less successful in achieving outcomes of special 
relevance to injured workers – return to work and res-
olution of disability claim – than in achieving clinical 
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outcomes such as pain reduction and improvements 
in physical functioning [85]. Our understanding of all 
rehabilitative therapies will be enhanced if researchers 
pay consistent  attention to whether the patients being 
treated are injured  workers versus others, and whether 
the benefits that accrue from treatment are primarily 
subjective ones (e.g. pain relief or improved mood) 
versus objective ones (especially return to work). 

A final word

Finally, it is important to note an important paradox 
regarding rehabilitative therapies for LBP. Given that: 
(1) research supports the effectiveness of individual 
rehabilitative treatments and their combination in the 
form of PMP, and (2) experts routinely support the 
importance of combinations of therapies [111], one 
would expect enthusiastic support for PMP. In fact, 
the trend in the United States has been in the direc-
tion of fewer PMP [86]. The reasons for this are not 
entirely clear. It is quite possible that too much was 
expected from PMP when they were started, and that 
insurers and some physicians are now experiencing a 
wave of disappointment. In any case, we believe that 
it will be important to reverse the current downward 
spiral in PMP. To do this, research will be needed to 
identify the most effective combinations of rehabilita-
tive therapies, so that the cost-effectiveness of combi-
nation treatment programs can be maximized. At the 
same time, it will be important for specialists in pain 
medicine and rehabilitation medicine to communicate 
to their colleagues and to the insurance community 
regarding the effectiveness of rehabilitative treatment 
for chronic LBP. 

References
 1.  Forseth KO, Forre O, Gran JT. A 5.5 year prospective study 

of self-reported musculoskeletal pain and of fibromyalgia 
in a female population: significance and natural history. 
Clin Rheumatol 1999; 18(2): 114–121.

 2.  Hashemi L, Webster BS, Clancy EA. Trends in disability 
duration and cost of workers’ compensation low back pain 
claims (1988–1996). J Occup Environ Med 1998; 40(12): 
1110–1119.

 3.  Dorland’s Illustrated Medical Dictionary, 28th edn. 
Saunders, Philadelphia, 1994.

 4.  Manek NJ, MacGregor AJ. Epidemiology of back disor-
ders: prevalence, risk factors, and prognosis. Curr Opin 
Rheumatol 2005; 17(2): 134–140.

 5.  Carragee E, Alamin T, Cheng I, Franklin T, Hurwitz E. 
Does minor trauma cause serious low back illness? Spine 
2006; 31(25): 2942–2049.

 6.  Leo RJ. Clinical Manual of Pain Management in Psychiatry. 
American Psychiatric Press, Washington, DC, 2007.

 7.  Vlaeyen JWS, Haazen IW, Schuerman JA, Kole-Snijders 
AM, van Eek H. Behavioural rehabilitation of chronic 
low back pain: comparison of an operant treatment, an 
operant-cognitive treatment and an operant-respondent 
treatment. Br J Clin Psychol 1995; 34 ( Pt 1): 95–118. 

 7a.  Waddell G. The biopsychosocial model. In: Waddell G 
(ed) The Back Pain Revolution. Churchill Livingstone, 
Edinburgh, 2004. 

 8.  Vlaeyen JWS, Kole-Snijders AMJ, Boeren RGB, van Eek H. 
Fear of movement/(re)injury in chronic low back pain and its 
relation to behavioral performance. Pain 1995; 62: 363–372.

 9.  Vlaeyen JW, Linton SJ. Fear-avoidance and its conse-
quences in chronic musculoskeletal pain: a state of the art. 
Pain 2000; 85(3): 317–332. 

 10.  Leeuw M, Goossens ME, Linton SJ, Crombez G, Boersma 
K, Vlaeyen JW. The fear-avoidance model of musculoskel-
etal pain: current state of scientific evidence. J Behav Med 
2007; 30(1): 77–94.

 11.  Mondloch MV, Cole DC, Frank JW. Does how you do 
depend on how you think you’ll do? A systematic review 
of the evidence for a relation between patients’ recovery 
expectations and health outcomes. Can Med Assoc J 2001; 
165(2): 174–179. 

 12.  Cole DC, Mondloch MV, Hogg-Johnson S. Listening 
to injured workers: how recovery expectations predict 
outcomes – a prospective study. Can Med Assoc J 2002; 
166(6): 749–754. 

 13.  Hoffman BM, Papas RK, Chatkoff DK, Kerns RD. Meta-
analysis of psychological interventions for chronic low 
back pain. Health Psychol 2007; 26(1): 1–9. 

 14.  Morley S, Eccleston C, Williams A. Systematic review and 
meta-analysis of randomized controlled trials of cognitive 
behaviour therapy and behaviour therapy for chronic pain 
in adults, excluding headache. Pain 1999; 80: 1–13. 

 15.  van Tulder M, Malmivaara A, Esmail R, Koes B. Exercise 
therapy for low back pain: a systematic review within the 
framework of the cochrane collaboration back review 
group. Spine 2000; 25(21): 2784–2796. 

 16.  Ostelo RWJG, van Tulder MW, Vlaeyen JWS, Linton 
SJ, Morley S, Assendelft WJJ. Behavioural treatment for 
chronic low-back pain. Cochrane Database of Systematic 
Reviews 2005, Issue 1. Art. No.: CD002014. DOI: 
10.1002/14651858.CD002014.pub2.

 17.  Compas BE, Haaga DA, Keefe FJ, Leitenberg H, Williams DA. 
Sampling of empirically supported psychological treat-
ments from health psychology: smoking, chronic pain, 
cancer, and bulimia nervosa. J Consult Clin Psychol 1998; 
66(1): 89–112. 

 18.  Keefe FJ, Dunsmore J, Burnett R. Behavioral and cogni-
tive-behavioral approaches to chronic pain: recent advances 
and future directions. J Consult Clin Psychol 1992; 60(4): 
528–536. 



Chapter 30

420

 19.  Newton-John TR, Spence SH, Schotte D. Cognitive  behavioural 
therapy versus EMG biofeedback in the  treatment of chronic 
low back pain. Behav Res Ther 1995; 33: 691–697. 

 20.  Smeets RJEM, Vlaeyen JWS, Hidding A, et al. Active 
 rehabilitation for chronic low back pain: cognitive-behav-
ioral, physical or both? First direct post-treatment results 
from a randomized controlled trial. BMC Musculoskelet 
Disord 2006; 7: 5. 

 21.  Kole-Snijders AMJ, Vlaeyen JWS, Goossens MEJB, et al. 
Chronic low-back pain: what does cognitive coping skills 
training add to operant behavioral treatment? Results of 
a randomized clinical trial. J Consult Clin Psychol 1999; 
67(6): 931–944.

 22.  Scheer SJ, Watanabe TK, Radack KL. Randomized con-
trolled trials in industrial low back pain. Part 3. Subacute/
chronic pain interventions. Arch Phys Med Rehabil 1997; 
78(4): 414–423. 

 23.  Alaranta H, Rytokoski U, Rissanen A, et al.  Intensive phys-
ical and psychosocial training program for patients with 
chronic low back pain. A controlled clinical trial. Spine 
1994; 19(12): 1339–1349.

 24.  Goossens ME, Rutten-van Molken MP, Kole-Snijders AM, 
et al. Health economic assessment of behavioural reha-
bilitation in chronic low back pain: a randomised clinical 
trial. Health Econ 1998; 7(1): 39–51. 

 25.  Nicholas MK, Wilson PH, Goyen J. Operant-behavioural 
and cognitive-behavioural treatment for chronic low back 
pain. Behav Res Ther 1991; 29; 225–238.

 26.  Turner JA, Jensen MP. Efficacy of cognitive therapy for 
chronic low back pain. Pain 1993; 52(2): 169–177. 

 27.  Sanders SH. Operant therapy with pain patients: evidence 
for its effectiveness. In: Lebovits AH (ed) Seminars in Pain 
Medicine. 1. W.B. Saunders, Philadelphia, 2003: 90–98.

 28.  Fordyce WE. Behavioral Methods for Chronic Pain and 
Illness. Mosby, St Louis, 1976.

 29.  Fordyce WE, Fowler RS Jr, Lehmann JF, Delateur BJ, Sand PL, 
Trieschmann RB. Operant conditioning in the treatment of 
chronic pain. Arch Phys Med Rehabil 1973; 54(9): 399–408.

 30.  Fordyce WE, Shelton JL, Dundore DE. The modification 
of avoidance learning pain behaviors. J Behav Med 1982; 
5(4): 405–414. 

 31.  Turner JA, Clancy S, McQuade KJ, Cardenas DD. 
Effectiveness of behavioral therapy for chronic low back 
pain: a component analysis. J Consult Clin Psychol 1990; 58: 
573–579.

 32.  Lindstrom I, Ohlund C, Eek C, et al. The effect of graded 
activity on patients with subacute low back pain: a ran-
domized prospective clinical study with an operant-
conditioning behavioral approach. Phys Ther 1992; 72: 
279–293.

 33.  Staal JB, Hlobil H, Twisk JW, Smid T, Koke AJ, van Mechelen W. 
Graded activity for low back pain in occupational health 
care: a randomized, controlled trial. Ann Intern Med 2004; 
140(2): 77–84.

 34.  Linton SJ, Bradley LA, Jensen I, et al. The secondary pre-
vention of low back pain: a controlled study with follow-
up. Pain 1989; 36: 197–207.

 35.  Turner JA, Clancy S. Comparison of operant behavioral 
and cognitive-behavioral group treatment for chronic low 
back pain. J Consult Clin Psychol 1988; 56: 261–266.

 36.  van der Hout JHC, Vlaeyen JWS, Heuts PH, et al. 
Secondary prevention of work-related disability in non-
specific low back pain: does problem solving therapy help? 
Clin J Pain 2003; 19(2): 87–96.

 37.  Ostelo RW, de Vet HC, Vlaeyen JW, et al. Behavioral graded 
activity following first-time lumbar disc surgery: 1-year 
results of a randomized clinical trial. Spine 2003; 28(16): 
1757–1765.

 38.  Steenstra IA, Anema JR, Bongers PM, de Vet HC, Knol DL, 
van Mechelen W. The effectiveness of graded activity for 
low back pain in occupational healthcare. Occup Environ 
Med 2006; 63(11): 718–725. 

 39.  Vlaeyen JWS. Chronic Low Back Pain. Assessment and 
Treatment from a Behavioral Rehabilitation Perspective. 
Swets and Zeitlinger, Lisse, 1991.

 40.  George SZ, Fritz JM, Bialosky JE, Donald DA. The effect of 
a fear-avoidance-based physical therapy intervention for 
patients with acute low back pain: results of a randomized 
clinical trial. Spine 2003; 28(23): 2551–2560. 

 41.  Nielson WR, Weir R. Biopsychosocial approaches to the 
treatment of chronic pain. Clin J Pain 2001; 17(4 suppl): 
114–127.

 42.  Airaksinen O, Brox JI, Cedraschi C, et al., COST B13 Working 
Group on Guidelines for Chronic Low Back Pain. European 
guidelines for the management of chronic nonspecific low 
back pain. Eur Spine J 2006; 15(msuppl 2): S192–S300.

 43.  Albright J, Allman R, Bonfiglio RP, et al. Philadelphia Panel 
evidence-based clinical practice guidelines on selected 
rehabilitation interventions for low back pain. Phys Ther 
2001; 81(10): 1641–1674.

 44.  Taylor NF, Dodd KJ, Shields N, Bruder A. Therapeutic exer-
cise in physiotherapy practice is beneficial: a summary of 
systematic reviews 2002–2005. Aust J Physiother 2007; 53: 
7–16.

 45.  Hayden JA, van Tulder MW, Malmivaara A, Koes BW. 
Exercise therapy for treatment of non-specific low back 
pain. Cochrane Database of Systematic Reviews 2005, Issue 
3. Art. No.: CD000335.pub2. DOI: 10.1002/14651858.
CD000335.pub2.

 46.  Hayden JA, van Tulde MW, Malmivaara AV, Koes BW. 
Meta-analysis: exercise therapy for nonspecific low back 
pain. Ann Intern Med 2005; 142(9): 767–775.

 47.  Hayden JA, van Tulde MW, Tomlinson G. Systematic 
review: strategies for using exercise therapy to improve 
outcomes in chronic low back pain. Ann Intern Med 2005; 
142(9): 776–785.

 48.  Kool J, de Bie R, Oesch P, Knusel O, van den Brandt P, 
Bachman S. Exercise reduces sick leave in patients with 
non-acute non-specific low back pain: a meta-analysis. 
J Rehab Med 2004; 36: 49–62.

 49.  van Tulder M, Malmivaara A, Hayden J, Koes B. Statistical 
significance versus clinical importance: trials on exercise 
therapy for chronic low back pain as example. Spine 2007; 
32(16): 1785–1790.



Rehabilitative treatment for chronic pain

421

 50.  Mannerkorpi K, Henriksson C. Non-pharmacological 
treatment of chronic widespread musculoskeletal pain. 
Best Pract Res Clin Rheumatol 2007; 21(3): 513–534.

 51.  Hodges P. Spinal segmental stabilization training. In: 
Liebenson C (ed) Rehabilitation of the Spine. Lippincott 
Williams and Wilkins, Philadelphia, 2007: 585–611.

 52.  McGill S. Lumbar spine stability: mechanisms of injury 
and restabilization. In: Liebenson C (ed) Rehabilitation of 
the Spine. Lippincott Williams and Wilkins, Philadelphia, 
2007: 93–111.

 53. Hides JA, Jull GA, Richardson CA. Long-term effects of 
specific stabilizing exercises for first-episode low back pain. 
Spine 2001; 26(11): E243–E248.

 54.  Cairns MC, Foster N E, Wright C. Randomized controlled 
trial of specific spinal stabilization exercises and conven-
tional physiotherapy for recurrent low back pain. Spine 
2006; 31(19): E670–E681.

 55.  Critchley DJ, Ratcliffe J, Noonan S, Jones RH, Hurley MV. 
Effectiveness and cost-effectiveness of three types of physi-
otherapy used to reduce chronic low back pain disability: 
a pragmatic randomized trial with economic evaluation. 
Spine 2007; 32(14): 1474–1481.

 56.  Koumantakis GA, Watson PJ, Oldham JA. Trunk muscle 
stabilization training plus general exercise versus general 
exercise only: randomized controlled trial of patients with 
recurrent low back pain. Phys Ther 2005; 85(3): 209–225.

 57.  Long A, Donelson R, Fung T. Does it matter which exer-
cise? A randomized control trial of exercise for low back 
pain. Spine 2004; 29(23): 2593–2602.

 58.  Machado LA, de Souza MS, Ferreira PH, Ferreira ML. The 
Mckenzie method for low back pain: a systematic review 
of the literature with a meta-analysis approach. Spine 
2006; 31: E254–E262.

 59.  Peterson T, Kryger P, Ekdahl C, Olsen S, Jacobsen S. The 
effect of Mckenzie therapy as compared with that of inten-
sive strengthening training for treatment of patients with 
subacute or chronic low back pain: a randomized control-
led trial. Spine 2002; 27(16): 1702–1709.

 60.  Fritz JM, Cleland JA, Childs JD. Subgrouping patients with 
low back pain: evolution of a classification approach to 
physical therapy. J Orthop Sports Phys Ther 2007; 37 (6): 
290–302.

 61.  Hicks GE, Fritiz JM, Delitto A, Mcgill SM. Preliminary 
development of a clinical prediction rule for determin-
ing which patients with low back pain will respond to a 
stabilization exercise program. Arch Phys Med Rehabil 
2005; 86: 1753–1762.

 62.  Fritz JM, Whitman JM, Childs JD. Lumbar spine segmen-
tal mobility assessment: an examination of validity for 
determining intervention strategies in patients with low 
back pain. Arch Phys Med Rehabil 2005; 86: 1745–1752.

 63.  Brennan GP, Fritz JM, Hunter SJ, Thackeray A, Delitto A, 
Erhard RE. Identifying subgroups of patients with acute/
subacute “nonspecific” low back pain: results of rand-
omized clinical trial. Spine 2006; 31(6): 623–631.

 64.  Wessels T, van Tulder M, Sigl T, Ewert T, Limm H, Stucki G. 
What predicts outcome in non-operative treatments of 

chronic low back pain? A systematic review. Eur Spine J 
2006; 15(11): 1633–1644. 

 65.  Astrand, P, Rodahl K, Dahl, HA, Stromme SB. Textbook of 
Work Physiology, 4th edn. Human Kinetics, Champaign, 
IL, 2003.

 66.  Schonstein E, Kenny DT, Keating J, Boes BW. Work 
conditioning, work hardening and functional restora-
tion for workers with back and neck pain. Cochrane 
Database of Systematic Reviews 2003, Issue 3, Art. No.: 
CD001822. DOI: 10.1002/14651858.CD001822.

 67.  Jensen IB, Bergstrom G, Ljungquist T, Bodin L. A 3-year 
follow-up of a multidisciplinary rehabilitation programme 
for back and neck pain. Pain 2005; 115: 273–283.

 68.  Jacobson L, Mariano AJ. General considerations of chronic 
pain. In: Loeser JD, Butler SH, Chapman CR, Turk DC 
(eds) Bonica’s Management of Pain. Lippincott, Williams, 
and Wilkins, Philadelphia, 2001. 

 69.  Aronoff GM. Pain centers: treatment for intractable suffer-
ing and disability resulting from chronic pain. In: Aronoff 
GM (ed) Evaluation and Treatment of Chronic Pain, 3rd 
edn. Williams and Wilkins, Baltimore, MD, 1989. 

 70.  Gatchel RJ, Turk DC. Psychological Approaches to Pain 
Management: A Practitioner’s Handbook. Guilford Press, 
New York, 1996. 

 71.  Hardin KN. Chronic pain management. In: Camic P Knight S 
(eds) Clinical Handbook of Health Psychology. Hogrefe and 
Huber Publishers, Seattle, WA, 1998: 123–165.

 72.  Mayer TG, Gatchel RJ, Mayer H, Kishino ND, Keeley J, 
Mooney V. A prospective two-year study of functional res-
toration in industrial low back injury. An objective assess-
ment procedure. JAMA 1987; 258(13): 1763–1767.

 73.  Bendix AF, Bendix T, Labriola M, Bœgaard P. Functional 
restoration for chronic low back pain: two-year follow-up of 
two randomized clinical trials. Spine 1998; 23(6): 717–725. 

 74.  Bendix T, Bendix AF, Labriola M, Haestrup C, Ebbehoj N. 
Functional restoration versus outpatient physical train-
ing in chronic low back pain: a randomized comparative 
study. Spine 2000; 25(19): 2494–2500. 

 75.  Keller S, Ehrhardt-Schmelzer S, Herda C, Schmid S, Basler HD. 
Multidisciplinary rehabilitation for chronic back pain in 
an outpatient setting: a controlled randomized trial. Eur J 
Pain 1997; 1(4): 279–292. 

 76.  Lofland KR, Burns JW, Tsoutsouris J, Laird MM, Blonsky 
ER, Hejna WF. Predictors of outcome following multidis-
ciplinary treatment of chronic pain: effects of change in 
perceived disability and depression. Int J Rehabil Health 
1997; 3(4): 221–232. 

 77.  Nicholas MK, Wilson PH, Goyen J. Comparison of cog-
nitive-behavioral group treatment and an alternative 
non-psychological treatment for chronic low back pain. 
Pain 1992; 48: 339–347. 

 78.  Skinner JB, Erskine A, Pearce SA, Rubenstein I, Taylor 
M, Foster C. The evaluation of a cognitive behavioural 
treatment programme in outpatients with chronic pain. 
J Psychosom Res 1990; 34: 13–19. 

 79.  Turner JA, Jensen MP. Efficacy of cognitive therapy for 
chronic low back pain. Pain 1993; 52: 169–177. 



Chapter 30

422

 80.  Cassisi JE, Sypert GW, Salamon A, Kapel L. Independent 
evaluation of a multidisciplinary rehabilitation  program 
for chronic low back pain. Neurosurgery 1989; 25: 877–883.

 81.  Jensen MP, Turner JA, Romano JM. Correlates of 
improvement in multidisciplinary treatment of chronic 
pain. J Consult Clin Psychol 1994; 62: 172–179. 

 82.  Flor H, Fydrich T, Turk DC. Efficacy of multidisciplinary 
pain treatment centers: a meta-analytic review. Pain 1992; 
49: 221–230. 

 83.  Malone MD, Strube MJ. Meta-analysis of non-medical 
treatments for chronic pain. Pain 1988; 34(3): 231–244.

 84.  Cutler RB, Fishbain DA, Rosomoff HL, Abdel-Motsy E, 
Khalil TM, Rosomoff RS. Does nonsurgical pain center 
treatment of chronic pain return patients to work? A 
review and meta-analysis of the literature. Spine 1994; 
19(6): 643–652. 

 85.  Guzmán J, Esmail R, Karjalainen K, Malmivaara A, Irvin E, 
Bombardier C. Multidisciplinary rehabilitation for 
chronic low back pain: systematic review. BMJ 2001; 
322: 1511–1516.

 86.  Schatman ME. The demise of multidisciplinary pain 
management clinics? Pract Pain Manage 2006; 6: 30–41.

 87.  Jousset N, Fanello S, Bontoux L, et al. Effects of func-
tional restoration versus 3 hours per week physical ther-
apy: a randomized controlled study. Spine 2004; 29(5): 
487–493.

 88.  Kaapa EH, Frantsi K, Sarna S, Malmivaara A. 
Multidisciplinary group rehabilitation versus individual 
physiotherapy for chronic nonspecific low back pain: a 
randomized trial. Spine 2006; 31(4): 371–376.

 89.  Haldorsen EM, Grasdal AL, Skouen JS, Risa AE, Kronholm 
K, Ursin H. Is there a right treatment for a particular 
patient group? Comparison of ordinary treatment, light 
multidisciplinary treatment, and extensive multidiscipli-
nary treatment for long-term sick-listed employees with 
musculoskeletal pain. Pain 2002; 95(1–2): 49–63.

 90.  Skouen JS, Grasdal AL, Haldorsen EM, Ursin H. Relative 
cost-effectiveness of extensive and light multidiscipli-
nary treatment programs versus treatment as usual for 
patients with chronic low back pain on long-term sick 
leave: randomized controlled study. Spine 2002; 27(9): 
901–909. 

 91.  Keogh E, McCracken LM, Eccleston C. Do men and 
women differ in their response to interdisciplinary chronic 
pain management? Pain 2005; 114(1-2): 37–46. 

 92.  McGeary DD, Mayer TG, Gatchel RJ, Anagnostis C, 
Proctor TJ. Gender-related differences in treatment out-
comes for patients with musculoskeletal disorders. Spine J 
2003; 3(3): 197–203.

 93.  Jensen IB, Bergstrom G, Ljungquist T, Bodin L. A 3-year 
follow-up of a multidisciplinary rehabilitation programme 
for back and neck pain. Pain 2005; 115(3): 273–283. 

 94.  Gross DP, Battie MC. Predicting timely recovery and 
recurrence following multidisciplinary rehabilitation in 
patients with compensated low back pain. Spine 2005; 
30(2): 235–240.

 95.  Edwards RR, Doleys DM, Lowery D, Fillingim RB. 
Pain tolerance as a predictor of outcome following 
 multidisciplinary treatment for chronic pain: differential 
effects as a function of sex. Pain 2003; 106(3): 419–426. 

 96.  Gatchel RJ, Mayer TG, Kidner CL, McGeary DD. Are 
 gender, marital status or parenthood risk factors for out-
come of treatment for chronic disabling spinal disorders? 
J Occup Rehabil 2005; 15(2): 191–201.

 97.  Loyd R, Fanciullo GJ, Hanscom B, Baird JC. Cluster 
analysis of SF-36 scales as a predictor of spinal pain 
patients response to a multidisciplinary pain management 
approach beginning with epidural steroid injection. Pain 
Med 2006; 7(3): 229–236.

 98.  Gatchel RJ, Mayer TG, Theodore BR. The pain disability 
questionnaire: relationship to one-year functional and 
psychosocial rehabilitation outcomes. J Occup Rehabil 
2006; 16(1): 75–94.

 99.  Jensen MP, Turner JA, Romano JM. Changes after multi-
disciplinary pain treatment in patient pain beliefs and 
coping are associated with concurrent changes in patient 
functioning. Pain 2007; 131(1-2): 38–47. 

100.  Jensen MP, Nielson WR, Turner JA, Romano JM, Hill ML. 
Changes in readiness to self-manage pain are associated 
with improvement in multidisciplinary pain treatment 
and pain coping. Pain 2004; 111(1-2): 84–95.

101.  Mayer T, Aceska A, Gatchel RJ. Is obesity overrated as a 
“risk factor” for poor outcomes in chronic occupational 
spinal disorders? Spine 2006; 31(25): 2967–2972.

102.  Maclaren JE, Gross RT, Sperry JA, Boggess JT. Impact of 
opioid use on outcomes of functional restoration. Clin J 
Pain 2006; 22(4): 392–398.

103.  Dersh J, Mayer T, Gatchel RJ, Towns B, Theodore B, Polatin P. 
Psychiatric comorbidity in chronic disabling occupational spinal 
disorders has minimal impact on functional restoration 
socioeconomic outcomes. Spine 2007; 32(17): 1917–1925.

104.  Lillefjell M, Krokstad S, Espnes GA. Prediction of  function 
in daily life following multidisciplinary rehabilitation for 
individuals with chronic musculoskeletal pain; a prospec-
tive study. BMC Musculoskelet Disord 2007; 8: 65.

105.  Talo S, Forssell H, Heikkonen S, Puukka P. Integrative 
group therapy outcome related to psychosocial character-
istics in patients with chronic pain. Int J Rehabil Res 2001; 
24(1): 25–33.

106.  van der Hulst M, Vollenbroek-Hutten MMR, Ijzerman MJ. 
A systematic review of sociodemographic, physical, and 
psychological predictdors of multidisciplinary rehabilita-
tion – or, back school treatment outcome in patients with 
chronic low back pain. Spine 2005; 30: 813–825.

107.  Fordyce WE. Back Pain in the Workplace. IASP Press, 
Seattle, WA, 1995.

108.  Lemstra M, Olszynski WP. The effectiveness of standard 
care, early intervention, and occupational management in 
Workers’ Compensation claims: part 2. Spine 2004; 29(14): 
1573–1579. 

109.  Anema JR, Steenstra IA, Bongers PM, et al. Multidisciplinary 
rehabilitation for subacute low back pain: graded activ-



Rehabilitative treatment for chronic pain

423

ity or workplace intervention or both? A randomized 
controlled trial. Spine 2007; 32(3): 291–298; discussion 
299–300.

110.  Loisel P, Durand MJ, Diallo B, Vachon B, Charpentier N, 
Labelle J. From evidence to community practice in work 

rehabilitation: the Quebec experience. Clin J Pain 2003; 
19(2): 105–113. 

111.  Bergman S. Strategies for prevention and manage-
ment of musculoskeletal conditions. Best Pract Res Clin 
Rheumatol 2007; 21(1): 153–166.



424

CHAPTER 31

Drug treatment of chronic pain

Henry McQuay
Nuffield Department of Anaesthetics, John Radcliffe Hospital, Oxford, UK

Introduction

The lessons learned from systematic reviews of 
 analgesic drug interventions fall into three main 
groups:

the guidance we can glean about relative efficacy 
and safety in populations
the principle of add rather than replace
the trial designs and outcome measures which we 
could adopt to make things better.

The issue of the appropriateness of the relative effi-
cacy and safety advice is an important one. There 
is controversy about whether we should be think-
ing of relative efficacy and safety in the context of 
a particular procedure (e.g. type of operation in the 
acute context) rather than across all procedures or, 
in the chronic pain context, thinking of a particu-
lar pain syndrome rather than across syndromes. In 
an ideal world we would of course have sufficient 
data to enable precision when giving clear advice 
about medication for a particular procedure or 
pain syndrome. In the absence of that adequacy of 
data, the argument becomes whether it is legitimate 
or illegitimate to lump data from all procedures or 
pain conditions (lumping allowing us to achieve an 
adequate amount of data). To date, in acute pain the 
lumped efficacy estimates have proved robust across 
procedures and have extrapolated credibly to noci-
ceptive chronic pain, and similarly pharmacologic 
remedies effective in one peripheral neuropathic 

•

•
•

pain syndrome have shown efficacy in others. We 
would argue that thus far, lumping across procedure 
or across condition or syndrome has been necessary 
because we do not have sufficient data within pro-
cedure or condition, but that lumping has produced 
credible and robust estimates which have extrapo-
lated well. These arguments are put in more detail 
elsewhere [1].

Figure 31.1 shows the relative efficacy league 
table derived from postoperative placebo-controlled 
studies. The number needed to treat (NNT) for at 
least 50% relief over the 6 hours post dose on the 
horizontal axis show better performance to the left; 
the NNT point estimate is at the center of the bar 
with the 95% confidence intervals extending later-
ally. Oral nonsteroidal anti-inflammatory drugs 
(NSAIDs) perform at least as well as intramuscu-
lar morphine 10 mg, and single-dose oral opioids 
do relatively poorly. The internal validity of the 
league table shows in the better performance of 
a bigger dose, as with paracetamol. The better the 
analgesic, the fewer patients we need to study to 
have convincing efficacy estimates, but 500 is a rule 
of thumb minimum. This minimum is important 
when we come to chronic neuropathic pain analy-
ses. The nub of the argument from this figure is that 
these relative efficacy estimates are the best we have 
at present, and that they extrapolate well to other 
nociceptive pain contexts such as chronic arthritis. 
One enigma is that oral opioids may perform bet-
ter on multiple dosing than they do in these  single-
dose studies. 

What the relative efficacy league table gives us is a 
feel for the relative efficacy in the population – relative 
efficacy on average. This is different from performance 
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Figure 31.2 A treatment menu for chronic pain.
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Figure 31.1 Relative effi cacy 
analgesic league table (postoperative 
pain).

in the individual. It is a guide, a prediction, but we all 
vary. Didactic application of these performance esti-
mates, using them as rules rather than tools, should be 
avoided.

Menus and ladders

Figure 31.2 shows the major ways in which we can 
treat chronic pain – the “menu.” The important split 
in the analgesic choice is between the conventional 
analgesics, drugs used throughout medicine to treat 
nociceptive pain, and the unconventional analgesics, 
primarily drawn from the antidepressants and antie-
pileptics. The downside of picturing the choices as 

a menu like this is the impression it gives of a static 
pain – find the right remedy and you are home and 
dry. For most patients, life is more complicated than 
that, with pain intensity that varies, either for a reason 
such as increased activity or for no good reason. The 
row headings in Figure 31.3 are an attempt to map 
this acute, acute on chronic or more chronic timing 
onto the variety of chronic pain syndromes.

Perhaps the most effective way to give patients a 
strategy to deal with pain intensity that varies is time 
spent explaining a stepped approach to the drug man-
agement of their pain. This applies to management 
of both nociceptive and neuropathic pain, although 
the exemplar given is for nociceptive pain alone. The 
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start point is the WHO pain “ladder.” Turning it on its 
head, because that reduces the likelihood that patients 
and carers will omit the step 1 drug when treating 
severe pain, we end up with a picture like Figure 31.4. 
Detailed explanation of the reasoning behind this 
“DOAS” ladder may be found elsewhere [2]. Increasing 

pain severity moves from left to right, and to deal with 
severe pain we have three remedies rather than just 
the one we need for mild pain. Precisely what goes in 
each of the three pots should (hopefully) be guided 
by data such as shown in Figure 31.1, tempered by the 
patient’s experience. Perhaps the crucial point is to 

Figure 31.4 The DOAS (Do 
Once And Share) basic pain 
care pathway.
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Figure 31.3  Pain conditions, by timing and by mechanism.
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 appreciate the concept of “add rather than replace” as 
pain  intensity increases, and then come back down to 
just the step 1 drug as pain intensity decreases.

Choosing drugs to treat 
nociceptive pain

Choosing between the various drugs which treat noci-
ceptive pain is governed by the three pot principle, 
one pot for each of the three ladder stages shown in 
Figure 31.4, with the extra thought that we should be 
minimizing NSAID or COXIB exposure, in terms of 
both drug and duration of prescribing. This is par-
ticularly important in chronic pain, where doses may 
be prescribed over long periods of time and where our 
patients are often older. The risk of gastrointestinal 
bleeding increases with age, with increased dose and 
with longer duration prescribing, so it makes good 
sense to teach the patient to boost their paracetamol 
with NSAID if the paracetamol alone is inadequate to 
deal with a flare of pain, and then to reduce the NSAID 
and go back to paracetamol alone as soon as that is 
possible. The standard therapeutic doses of NSAID 
differ little on the league table of relative efficacy (see 
Fig. 31.1). Increasing the dose increases the duration 
of analgesia more than the peak pain relief. The dose–
response curves for efficacy are relatively flat, and 
indeed dose–response curves for adverse effects may 
be steeper, so that increased dose may increase dura-
tion of analgesia (rather than peak pain relief) at the 
price of increased adverse effect incidence. 

Part of the tactic of minimizing NSAID or COXIB 
exposure is to consider the alternatives in the second 
ladder stage pot if NSAID are absolutely or relatively 
contraindicated. Figure 31.5 shows the meta-analytic 
evidence to support the use of paracetamol opioid com-
binations, supporting the good performance of a small 
number of patients given paracetamol 1000 mg with 
codeine 60 mg (see Fig. 30.1). Fixed-dose combinations 
are frowned on by the purists because the drugs have 
disparate kinetics, but by using them either as single 
tablets or capsules or indeed giving the paracetamol and 
codeine or other opioid separately, patients can achieve 
a good balance between efficacy and adverse effects. 

We can use the relative efficacy to make these “global” 
statements about which drug should be in which pot 
but we are still bedevilled by the fact that these are aver-
ages, and everybody is different. Figure 31.6 makes this 
point powerfully. The percentage of patients achieving 
different extent of pain relief (percentage of maximum 
pain relief) is shown for rofecoxib 50 mg, ibuprofen 400 
mg and placebo. Lots of patients achieved little relief. A 
few achieved substantial relief. The average, however, is 
just over 40% relief. Choice based on the average will be 
inadequate for many patients.

Another area in which the evidence can be mis-
leading is when attempts are made to compare very 
different treatment approaches for the same condi-
tion. Figure 31.7 shows the efficacy estimates Bjordal 
et al. calculated for a range of different interven-
tions for osteo-arthritic knee pain [3]. The paper 
by Bjordal and colleagues examines clinical trials in 

Paracetamol 650 plus codeine 60

Dextropropoxyphene 65 plus Paracetamol 650

Tramadol 75 plus Paracetamol 650

Tramadol 112.5 plus Paracetamol 975

Paracetamol 600/650

Dextropropoxyphene 65

Tramadol 75

Tramadol 112.5

Codeine 60

1 10 100

NNT over 4–6 h  (95% CI)

Figure 31.5 Relative effi cacy of combinations of “minor” opioids with paracetamol and the component drugs 
alone. NNT to obtain at least 50% pain relief over 4–6 h: comparison of single-dose oral tramadol and tramadol plus 
paracetamol with other combination drugs and their components.
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osteo-arthritic knee pain, and the difference in VAS 
pain intensity between intervention and placebo after 
4 weeks. In 14,000 patients (63 trials) the analysis 
showed that four treatments (intra-articular steroid 
injections, oral NSAID including COXIBs, opioids 
 (presumably oral), and topical NSAID) were  similar at 
producing 10–14 mm difference, while others, includ-
ing paracetamol and glucosamine, produced only 

3 mm  improvement. Pooling all NSAID and COX-
IBs at all doses above specified minima makes it very 
difficult to say anything about a particular drug or 
dose. Oral opioids can be different, particularly with 
regard to dose. Intra-articular injections may or may 
not contain local anesthetic or agents other than ster-
oid. Some topical NSAIDs are known to work, oth-
ers not. We are also limited because we have no real 
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knowledge from this analysis of the sensitivity of these 
trials, no dose–response for low and high doses of any 
particular NSAID, for instance, which would give a 
clear signal that the analysis was  capable of showing 
differences in relative efficacy. We have no such index 
of internal sensitivity here. The clinical pitfall is that 
relative efficacy of drugs or other interventions crosses 
clinical conditions that are too broad, for instance, all 
postoperative pain or all neuropathic pain, rather than 
focusing in on a particular situation, context or con-
dition. The clinician may be glad to have the overall 
relative efficacy but would prefer the information spe-
cific to the individual patient in front of them. 

There are also additional clinical legitimacy 
 questions of an analysis like this, producing  relative 
efficacy data for a condition which changes over time, 
whether patients in the trials used in the analysis 
are like our patients, and whether clinical trials can 
directly affect clinical practice. For example, a patient 
who is “satisfied” on paracetamol is unlikely to enrol 
in a trial, which will therefore recruit paracetamol 
nonresponders, people for whom paracetamol does 
not provide sufficient analgesia; paracetamol will 
then do badly in the trial. Again, efficacy of different 
treatment approaches will vary according to the point 
in the disease process when the treatment is tested. 
Patients may be satisfied with paracetamol at an early 
phase of their knee arthritis but not later, so testing 
paracetamol in people with a more advanced condi-
tion could produce a negative result. Topical NSAID 
would be an inappropriate sole treatment for most 
patients late in the disease when surgery is needed, or 
in more widespread conditions, but can be very help-
ful early on when single joints are affected. Therein 
lies the problem. Neither this nor any other analysis 
can help us tease out clinically important subtleties. 
Instead, the authors make the sweeping conclusion 
“that it is time to reconsider the place of these drug 
therapies in osteoarthritis of the knee management.”

The issue of “lumping” all NSAID doses together 
crops up too in the adverse effect reviews, for instance 
with celecoxib [4]. Just like the Bjordal efficacy analy-
sis, which lacks face validity, the adverse effect analysis 
which lumps doses together deprives us of anything 
more than phenomenologic data. 

Two examples, then, of why we need to think about 
averaging and its legitimacy. The first is the interac-
tion between paracetamol and warfarin (Fig. 31.8). 
The analysis by Hylek et al. shows a relationship 
between higher paracetamol doses and greater anti-
clotting efficacy of warfarin [5]. The catch is that this 
relationship was found in those who had higher INR 
values, so the moral of the story is that the sensitive 
should avoid high-dose paracetamol if they take war-
farin. Once again, we are not all average.

The second example is codeine metabolism. It 
has been known for many years that roughly 10% 
of the Caucasian population are “slow” metaboliz-
ers of codeine, with demonstrated lower efficacy in 
 experimental pain models. Now there is evidence 
of ultra-rapid CYP2D6 metabolism. These patients 
get greater efficacy from a given dose of codeine, with 
potentially dire consequences [6]. We can glean average 
values for codeine efficacy from published trials, but at 
the individual patient level all may not be average. 

The choice of which opioid to prescribe is deter-
mined more by adverse effects (and custom and 
practice) than by proven differences in efficacy. 
Logic would predict that at equi-analgesic doses one 
opioid is much like another, unless there are quirks 
in metabolism as in the codeine example above. 
Between different pain conditions, however, it is 
worth remembering that opioid efficacy may also be 
different. Kalso et al. drew together trials of opioids 
in nonmalignant chronic pain [7]. Figure 31.9 shows 
that on average, the opioid doses required in neuro-
pathic pain syndromes, phantom limb pain, pain-
ful diabetic neuropathy and postherpetic neuralgia 

Figure 31.8 Paracetamol and 
warfarin interaction.
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were greater than those needed in musculoskeletal 
and osteo-arthritic pain. This links back to the old 
controversy about opioid efficacy in neuropathic 
pain. The need for quite substantial opioid doses to 
achieve pain relief in neuropathic pain, doses likely to 
engender higher adverse effect incidence, is perhaps 
reflected in the reluctance of some patients to con-
tinue on opioids long term.

While the prevalence of opioid adverse effects may 
be well known, the relative incidence with different 
opioids at equi-analgesic dose is not. Figure 31.10 
shows the adverse effects reported in randomized 
trials of opioids in nonmalignant pain (34 trials, 
5600 patients) [8]. These were mostly 4-week trials 
with tramadol, paracetamol plus tramadol, codeine 
or dextropropoxyphene. Few were titrated dosing 
regimens. What the data do give us is an overall 
prevalence with step 2 opioids, with little indication of 
substantial difference between different pain conditions 
to support the views expressed above. This may reflect 
the largely fixed-dose nature of the studies. What we 
lack, then, are data to compare different opioids at 
equi-analgesic dose in the various pain conditions to 
see if there are indeed differences in relative adverse 

effect incidence. This lack of evidence about differential 
adverse effect incidence is very relevant to the opioid 
switching debate. Switching between opioids to 
improve efficacy with fewer adverse effects is common 
and empirical. We need better evidence.

Evidence and neuropathic pain 
numbers
Our focus in testing putative remedies for  neuropathic 
pain has been the two “classic” neuropathic pain 
conditions, postherpetic neuralgia (PHN) and pain-
ful diabetic neuropathy (PDN). The reasoning has 
probably been that these two conditions present little 
diagnostic difficulty and trials in PHN and PDN are 
acceptable to the regulatory authorities. 

However, PDN and PHN are not that common. 
Using the general practice research database (GPRD) 
for records between January 1992 and April 2002, 
the incidence per 100,000 person-years observation 
for PHN was 40 (95% confidence interval (CI) 
39–41), for PDN 15 (15–16), for trigeminal 
neuralgia 27 (26–27), and for phantom limb 
pain 1 (1–2). Rates decreased over time for PHN and 
phantom limb pain but were increasing for PDN [9]. 

Figure 31.9 Opioid effi cacy in nonmalignant pain.
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One major cause of neuropathic pain is of course 
back pain, but that is so notoriously diagnostically 
difficult or heterogeneous that few trials of 
neuropathic pain remedies are done in back pain. 
Perhaps the biggest change over recent years has been 
the recognition that chronic pain after surgery is one 
of the major causes of neuropathic pain. Figure 31.11
is redrawn from the seminal publication by Perkins & 
Kehlet [10]. It shows the percentage of people 

reporting pain at 1 year after various different types 
of surgery. 

Choosing drugs to treat 
neuropathic pain

There is perhaps a false sense of security when it comes 
to talking about the evidence for drug treatments for 
neuropathic pain. We’ve all been talking about the 
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 relative efficacy for a decade now, which is excellent, but 
sometimes it feels as though we are making too much 
out of an evidence base which is really not that robust.

This is easy to illustrate by looking at the data used 
to assemble the treatment algorithm in the influen-
tial review by Finnerup et al. [11]. Figure 31.12 shows 
the NNT for different drug treatments for peripheral 
neuropathic pain. These were derived by taking all the 
randomized trials which met specified quality stand-
ards, and which compared the drug with placebo, and 
then pooling the data for that particular drug and 
producing an NNT for at least 50% pain relief com-
pared with placebo. The best performing drugs have 
the lower NNT values.

The first point to notice in the figure is the absence 
of any dose information, which leaves the data open 
to the criticisms made above about lumping all doses 
for a particular drug together. Second is the lump-
ing together of all drugs (at all doses) in a particular 
drug class, such as tricyclic antidepressants. Is it really 
 legitimate to combine the data from all the different 
tricyclic antidepressants, particularly when we know 
there are differences in responsiveness with the differ-
ent drugs? 

The third point to notice is the numbers just beside 
each of the dark circles. These numbers tell us how 
many patients were studied with that drug (or drug 
class) to derive the NNT. You will notice that some 
of the numbers are really quite small, for instance 81 
for the selective serotonin reuptake inhibitors (SSRI). 
Within the pain world, there is a dogma that SSRI are 

ineffective in the management of neuropathic pain. 
Many people are surprised when they learn that the 
dogma is based on just 81 patients studied, and that 
in one of the trials paroxetine performed as well as 
imipramine. One trial in which fluoxetine performed 
badly, and which was widely known, is, I think, the 
basis of the dogma. It really is not safe to base our con-
clusions on data from just 81 patients. One small trial 
in which the drug performs worse than average, or bet-
ter for that matter, and just by random chance can shift 
the efficacy estimate, the NNT, disproportionately. The 
robustness of the efficacy estimate needs data based on 
many more patients than 81, and ideally 500 or more. 

Conclusion

So I am cautious about putting too much emphasis 
on data which I think are not robust. I question the 
legitimacy of lumping all doses of a particular drug 
together, and I question the legitimacy of lumping all 
drugs (and all doses of all drugs) in a particular drug 
class together. There comes a point where in the desire 
to make our work, our guideline or our treatment 
algorithm look evidence based, we overstretch. As an 
example, I do not disagree with the conclusion of the 
Finnerup paper, it is the process that I question. 

It seems to me far healthier that we ask for evi-
dence to support our decisions rather than make 
decisions without evidence. It also seems healthier 
if we debate the legitimacy of our methodology, and 
that we acknowledge the shortcomings. 
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CHAPTER 32

Complementary therapies for pain relief

Edzard Ernst
Department of Complementary Medicine, Peninsula Medical School, Universities of Exeter and Plymouth, Exeter, UK

Introduction

Complementary/alternative medicine (CAM) can be 
defined as “diagnosis, treatment and/or prevention 
which complements mainstream medicine by con-
tributing to a common whole, by satisfying a demand 
not met by orthodoxy or by diversifying the concep-
tual frameworks of medicine” [1]. It comprises a wide 
range of heterogeneous modalities (Table 32.1) which 
have in common mainly that they are outside conven-
tional medicine and emphasize a holistic approach to 
healthcare. Surveys from different parts of the world 
have shown repeatedly that CAM is popular and 
that pain is one of the most common complaints for 
which it is employed [2]. This applies in particular for 
those types of pain which conventional medicine is 
unable to treat successfully without significant risks.

Effectiveness

This popularity of CAM for pain management begs 
the question of which CAM modalities are of proven 
effectiveness for which type of pain [2]. The most 
reliable answer comes from randomized clinical trials 
(RCT) or systematic reviews of such studies. We have 
recently reviewed this evidence for (or against) CAM 
related to a wide range of pain syndromes [3]. The 
following is a brief summary of this extensive review. 
It focuses on conditions for which CAM is used 
frequently and on those CAM modalities for which 

the evidence is positive. Sadly, for many therapies the 
evidence is unconvincing or even negative; for the 
sake of brevity, these treatments are omitted in 
the following text and the reader is referred to our 
original overview [3].

Back pain
Many surveys imply that back pain is the most fre-
quent reason for patients to try CAM [4]. Many 
therapies have been tested for back problems but 
frequently the results have been less than convinc-
ing. Some of the most encouraging evidence exists 
for acupuncture [5], the herbal medicine devil’s 
claw (Hapargophytum procumbens) [6], massage [7] 
and spinal manipulation [8]. Unfortunately, there 
are caveats for all of these: the primary studies are 
frequently flawed and their results are often contra-
dictory. The bottom line therefore is that no CAM 
modality has been unequivally shown to be effective 
for back pain [3].

Cancer pain
The situation is similar for cancer pain. Again, 
numerous CAM modalities have been submitted to 
RCT but the findings have not been compelling. The 
most promising results relate to exercise [9] (which 
arguably is a conventional form of healthcare) and 
hypnotherapy [10]. It follows that no CAM modality 
has been demonstrated to be effective in the manage-
ment of cancer pain [3].

Complex regional pain syndrome
This condition is often difficult to treat and several 
CAM options are supported by the results of positive 
RCT: acupuncture, imagery, massage and qigong [3]. 

Evidence-Based Chronic Pain Management. Edited by 
C. Stannard, E. Kalso and J. Ballantyne. © 2010 Blackwell 
Publishing.
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Unfortunately, this evidence invariably relies on 
 single, small studies. Therefore independent replica-
tion of these results would be required before positive 
recommendations can be issued.

Fibromyalgia
Survey data suggest that practically all fibromyalgia 
patients try some form of CAM [11]. A plethora of 
CAM modalities are being recommended and many 
have been submitted  to RCT [3]. The only treatment 
for which the evidence is strongly positive is exercise 
(arguably not a CAM) [12]. For some other therapies 
the results are encouraging: biofeedback and massage 
[3]. Due to methodologic weaknesses of the primary 
studies and the paucity of such data, the evidence is, 
however, not fully convincing.

Migraine
Biofeedback and relaxation are both supported by 
strong, positive evidence of effectiveness [13]. Several 
other CAM modalities have generated promising 
results. For acupuncture, a sizable number of RCT are 
available, yet their findings are somewhat contradic-
tory [14]. Feverfew (Tanacetum parthenium) may be 
a herbal preventive of migraine attacks but some RCT 
fail to support this view [15]. Encouraging results 
also were reported for co-enzyme Q10 [16] but they 
require independent confirmation.

Neck pain
Spinal manipulation, massage and acupuncture are 
commonly used for this condition. The best evi-
dence, however, fails to show that spinal manipu-
lation is effective as a sole intervention [17]. For 
acupuncture, the evidence is encouraging but not 
fully convincing [18]. For massage therapy, both 
positive and negative findings have been reported 
[3]. Thus no CAM intervention has been proven to 
be effective for neck pain.

Osteo-arthritis pain
Most patients suffering from this chronic condition 
try some form of CAM. The RCT evidence is strongly 
positive for acupuncture [19], for PhytodolorTM, a 
herbal mixture containing Populus tremula, Fraxinus 
excelsior and Solidago virgaurea [20], and for S-adeno-
sylmethionine [21]. For many other CAM modalities, 
the evidence is encouraging but not fully convincing, 
e.g. balneotherapy, avocado/soybean unsaponifables, 
devil’s claw (Hapargophytum procumbens), ginger 
(Zingiber officinalis), topical capsaicin, chondroitin, 
glucosamine and tai chi [3].

Postoperative pain
The only treatment for which the evidence is strongly 
positive is TENS [22] (which may not be considered 
a CAM by many experts) and hypnotherapy [23]. 

Therapy Description

Acupuncture Insertion of a needle into the skin and underlying tissues in special sites, known as points, for therapeutic 
or preventive purposes

Biofeedback The use of apparatus to monitor, amplify and feed back information on physiological responses so that a 
patient can learn to regulate these responses. It is a form of psychophysiologic self-regulation

Chiropractic A system of healthcare which is based on the belief that the nervous system is the most important 
determinant of health and that most diseases are caused by spinal subluxations which respond to spinal 
manipulation

Herbal 
medicine

The medical use of preparations that contain exclusively plant material

Hypnotherapy The induction of a trance-like state to facilitate the relaxation of the conscious mind and make use of 
enhanced suggestibility to treat psychologic and medical conditions and effect behavioral changes

Massage A method of manipulating the soft tissue of whole body areas using pressure and traction

Osteopathy Form of manual therapy involving massage, mobilization and spinal manipulation

Relaxation 
therapy

Techniques for eliciting the “relaxation response” of the autonomic nervous system

Table 32.1 Some of the most important modalities in CAM
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Several other CAM modalities are supported by 
encouraging evidence which, however, fails to be 
totally convincing: acupuncture, massage, music ther-
apy and relaxation [3].

Procedural pain
Pain caused by diagnostic or nonsurgical proce-
dures, such as injections, change of dressings, etc., 
can be effectively alleviated by distraction therapy 
and hypnotherapy according to unanimous find-
ings from multiple RCT [3]. Other CAM modalities
that may be effective but are not supported by 
equally strong evidence are music therapy and 
 acupuncture [3].

Rheumatoid arthritis
Many CAM interventions have been tested for the 
management of pain caused by rheumatoid arthritis. 
Fasting and strict vegetarian diets have been shown 
to reduce inflammation and thus pain [24]. Other 
CAM modalities are supported by less conclusive 
yet encouraging evidence: fish oils supplements [25] 
and tai chi [26]. Many other CAM interventions have 
been tested but mostly with less than convincing 
results [3].

Tennis elbow
This common condition can be difficult to treat 
with conventional therapies; many patients thus 
turn to CAM, particularly as most CAM practition-
ers are confident of being able to treat this condition 

 effectively. The RCT evidence is, however, not con-
vincing. Only three treatments (acupuncture, joint 
manipulation and massage) have been submitted 
to rigorous tests. For none of these is the evidence 
 convincingly positive. 

Risks

The popular media frequently portray CAM as nat-
ural and therefore free of adverse effects. The reality 
shows that this is a potentially dangerous misun-
derstanding. Table 32.2 gives examples of known 
adverse effects of some popular forms of CAM. 
Most types of CAM can cause adverse effects which 
sometimes can be serious [27]. As there is no equiv-
alent of a postmarketing surveillance system for any 
CAM (with the exception of herbal medicines which 
are covered by the “yellow card scheme” in the UK), 
the incidence of serious adverse effects is usually 
unknown.

In addition to such direct adverse effects, indirect 
safety issues must be considered. These mostly relate 
to the behavior of CAM practitioners. For instance, 
UK nonmedically trained acupuncturists regularly 
interfere with their patient’s drug prescriptions [28] 
and chiropractors often fail to inform their patients 
about serious risks of spinal manipulation [29]. 
The message which seems to emerge here is that a 
given CAM intervention might be safe but the CAM 
 practitioner administering it might not in all cases
be low risk.

Table 32.2 Adverse effects of some popular forms of CAM. Examples of potentially serious, direct adverse effects 
associated with CAM

Therapy Adverse effects (example) Comment

Acupuncture Puncture of vital organs, infections Rare with adequately trained  therapists, 
deaths are on record

Chiropractic 50% of patients experience minor adverse 
effects. Serious complications e.g. vertebral 
arterial dissections, occur in unknown 
number of cases

Numerous cases are described. Deaths are on 
record

Herbalism traditional
(e.g. TCM*, Ayurveda)

Intrinsic toxicity (e.g. liver damage), drug 
interactions, contamination with heavy 
metals

Nature of adverse effect caused by 
contaminants depends on contaminant

Herbalism / phytotherapy Intrinsic toxicity, e.g. liver damage, drug 
interactions

Frequency of adverse effect depends on 
remedy, deaths are on record

* TCM � Traditional Chinese Medicine.
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Conclusion

Many CAM modalities are currently being promoted 
and used for pain management. Relatively few have 
been rigorously tested for effectiveness or safety. Even 
fewer have been shown beyond reasonable doubt to 
generate more good than harm. Considering the pop-
ularity of CAM and the huge gap in our knowledge 
about this subject, the inescapable conclusion is that 
rigorous research is needed with some urgency.
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